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e @Be a ubiquitous con‘stmctﬁatlon—partl cularly undergraduate education in
science, technology, engineering, and mathematics (STEM). However, despite its prevalence, active
learning remains an unclear construct. Different researchers and educators may have different definitions
of what active learning is and which activities foster active learning and improve learning outcomes.

In thisissue of Psychological Sciencein the Public Interest (Volume 22, |ssue 1), Doug Lombardi,
Thomas F. Shipley, and teams of researchersin STEM synthesize findings on STEM learning to provide
aclear and coherent conceptualization of active learning and offer guidance on research and practice.
The authors come from the fields of cognitive and educational psychology and from discipline-based
education research (DBER) in astronomy, biology, chemistry, engineering, geography, geoscience, and
physics. Thisinnovative multidisciplinary collaboration allowed the authors to examine active learning
from the perspectives of psychology and DBER to build knowledge that does not currently existin a
single domain.

What is active learning?

Active learning is commonly used as an umbrella term to communicate an alternative to the traditional
lecture in which students sit down, listen to the instructor, and take notes. Multiple activities have been
described as active learning, including participation in flipped classrooms (in which students read or
watch educational material outside of class and use class time to engage in interactive activities), use of
clickers or other student response systems, and engagement with computerized conversational agents.
The variety of learning methods categorized as active learning makes it difficult to know exactly what
active learning is and how it might foster learning. Despite this lack of clarity, some studies have
reported that, compared with traditional |lectures, active learning appears to increase performance on
tests and decrease failure rates (e.g., Freeman et al., 2014). Moreover, active-learning strategies appear
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to provide more equitable outcomes in STEM domains for students from underrepresented groups.

Many researchers have defined active learning “ as a generalized process (a) for constructing knowledge
and (b) for deepening engagement,” Lombardi and colleagues write. The conceptualization of active
learning as antithetical to passive learning or lecture might overlook characteristics of lecture that
promote learning, they state. For instance, people can learn by observing others or without being fully
engaged in alearning task. Overall, the current view of active learning is underdevel oped, according to
the researchers.

In thisreview, each of the DBER teams synthesizes active learning in its domain, acknowledging the
difficulty in defining active learning within each domain. The authors then draw from each domain to
construct aworking definition of active learning: “Active learning is a classroom situation in which the
instructor and instructional activities explicitly afford students agency for their learning.” Building on
that definition, they present a framework that situates active learning in an ecosystem, capturing
different definitions of active learning and the complex interactions in undergraduate STEM learning.

The construction-of-under standing ecosystem

In Lombardi and colleagues’ framework, an active-learning environment consists of students being
agents in making sense of domain practices, data about phenomena, and scientific models together with
their peers. Students also consider the science they have personally experienced, and teachers use their
expert knowledge of science content (practices, data, and models) to facilitate students' sense making.
Finally, students self-reflect on their understanding. Lombardi and colleagues contrast this framework
with the traditional approach to knowledge construction, in which the teacher has expert knowledge of
scientific practices, data, and models, along with direct experiences, and transmits this information to the
students, who passively receive it.
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Figurel. Illustration



This framework of active learning does not rely on a dichotomy between active and passive learning.
Instead, it reflects “a continuum of more or fewer, richer or poorer, opportunities to construct meaning.”

How to employ active learning in STEM under graduate resear ch and practice

The construction-of-understanding ecosystem framework can provide coherence and utility for directing
future research and practice. Lombardi and colleagues hope that the framework will lay the groundwork
for theoretical developments and more rigorous research by “highlighting the variety of pointsin the
system where learning could be influenced... and the potential for interactions among those influences
over time.” The authors add that better measures of what students know and can do are needed to
increase the understanding of the impact of active learning on students. A critical factor in assessing the
effects of active learning is aligning the assessment with STEM l|earning objectives and the methods of
instruction (e.g., constructed response assessments, in which students predict or explain phenomena).
Moreover, assuming that active learning simply increases learning, asif learning were asingle
dimension, is an oversimplification that might not capture higher-order learning.

Nevertheless, it appears important to explicitly encourage students to be active agents in their learning,
because doing so allows them to be more self-reflective and aware of what they understand and how that
understanding was constructed. Not only can such an approach increase students’ scientific knowledge
in adomain, but it also promotes the use of efficient strategiesin new learning domains. Lombardi and
colleagues add that “interpreting active-learning situations, in which meaning is constructed both
cognitively and socially, offers an organizational framework for the science of learning, design-based
research, and scholarship of teaching and learning to integrate theory and observations toward
understanding learning across the life span.” Therefore, active-learning environments must be viewed as
those in which knowledge-construction processes play arole for the learner and the science-learning
community as well as for the scientist and the scientific community.
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Prerequisitesfor active learning

In an accompanying commentary, Garvin Brod (Leibniz Institute for Research and Information in
Education [DIPF] and Department of Psychology, Goethe University, Germany) expands Lombardi and
colleagues construction-of-understanding ecosystem. Brod adds students' beliefs about their own
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agency, prior knowledge, cognitive capacities, and metacognitive capacities as prerequisites for active
learning to foster learning and understanding. The evidence for these prerequisites comes from research
in developmental psychology, which has shown that, for instance, the benefit of giving students control
over their learning emerges only around age 6 and continues to increase across the elementary-school
years. By understanding how the prerequisites devel op across childhood and adolescence, researchers
and educators can tailor active-learning activities to younger students. For example, providing additional
guidance and using tasks that do not require advanced analogical thinking (which developsonly in
secondary school) might facilitate active learning in elementary school.
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