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The Seductive Allure of Neuroscience Explanations

Deena Skolnick Weisberg, Frank C. Keil, Joshua Goodstein,
Elizabeth Rawson, and Jeremy R. Gray

Abstract

B Explanations of psychological phenomena seem to gener-
ate more public interest when they contain neuroscientific
information. Even irrelevant neuroscience information in an
explanation of a psychological phenomenon may interfere with
people’s abilities to critically consider the underlying logic of
this explanation. We tested this hypothesis by giving naive
adults, students in a neuroscience course, and neuroscience ex-
perts brief descriptions of psychological phenomena followed
by one of four types of explanation, according to a 2 (good
explanation vs. bad explanation) x 2 (without neuroscience

vs. with neuroscience) design. Crucially, the neuroscience in-
formation was irrelevant to the logic of the explanation, as
confirmed by the expert subjects. Subjects in all three groups
judged good explanations as more satisfying than bad ones.
But subjects in the two nonexpert groups additionally judged
that explanations with logically irrelevant neuroscience infor-
mation were more satisfying than explanations without. The
neuroscience information had a particularly striking effect on
nonexperts’ judgments of bad explanations, masking other-
wise salient problems in these explanations.






Education and the Brain: A Bridge Too Far

JOoHN T. BRUER

Educational Researcher, Vol. 26, No. 8, pp. 4-16

it fascinates all of us. When I speak to teachers about

applications of cognitive science in the classroom,
there is always a question or two about the right brain ver-
sus the left brain and the educational promise of brain-
based curricula. I answer that these ideas have been
around for a decade, are often based on misconceptions and
overgeneralizations of what we know about the brain, and
have little to offer to educators (Chipman, 1986). Educa-
tional applications of brain science may come eventually,
but as of now neuroscience has little to offer teachers in
terms of informing classroom practice. There is, however, a

B rain science fascinates teachers and educators, just as

place, that indirectly link brain function with educational
practice. There is a well-established bridge, now nearly 50
years old, between education and cognitive psychology.
There is a second bridge, only around 10 years old, between
cognitive psychology and neuroscience. This newer bridge
is allowing us to see how mental functions map onto brain
structures. When neuroscience does begin to provide use-
ful insights for educators about instruction and educational
practice, those insights will be the result of extensive traffic
over this second bridge. Cognitive psychology provides the
only firm ground we have to anchor these bridges. It is the
only way to go if we eventually want to move between ed-
ucation and the brain.

The Neuroscience and Education Argument
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Abstract

Much of cognitive psychology focuses on effects measured in tens of milliseconds while significant
educational outcomes take tens of hours to achieve. The task of bridging this gap is analyzed in terms
of Newell’s (1990) bands of cognition—the Biological, Cognitive, Rational, and Social Bands. The 10
millisecond effects reside in his Biological Band while the significant learning outcomes reside in his
Social Band. The paper assesses three theses: The Decomposition Thesis claims that learning
occurring at the Social Band can be reduced to learning occurring at lower bands. The Relevance
Thesis claims that instructional outcomes at the Social Band can be improved by paying attention to
cognition at the lower bands. The Modeling Thesis claims that cognitive modeling provides a basis for
bridging between events on the small scale and desired outcomes on the large scale. The unit-task
level, at the boundary of the Cognitive and Rational Bands, is useful for assessing these theses. There
i1s good evidence for all three theses in efforts that bridge from the unit-task level to educational
applications. While there is evidence for the Decomposition Thesis all the way down to the 10
millisecond level, more work needs to be done to establish the Relevance Thesis and particularly the
Modeling Thesis at the lower levels. © 2002 Cognitive Science Society, Inc. All rights reserved.

Keywords: Cognitive modeling; Cognitive architectures; Education; Intelligent tutoring




Table 1
Newell’s Time Scales of Human Action

Scale (sec) Time Units System World (theory)
107 months

10° weeks Social Band
10° days

10% hours Task

10° 10 min Task Rational Band
102 minutes Task

101 10 sec Unit task

10° I sec Operations Cognitive Band
10! 100 msec Deliberate act

102 10 msec Neural circuit

1077 I msec Neuron Biological Band

1077 100 ws Organelle
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early in the evolution of animals, and is present across all species,
from humans to the simple roundworm (C. elegans). The capacity
to learn is critical for survival, whether it be to find food and avoid
predators, or to engage in effective social interactions and be
productive in the workplace. Our ability to increase human
potential is linked to our ability to learn at all life stages. Using
experimental models, in recent decades, the fields of neuroscience
and experimental psychology have made great strides in under-
standing how learning occurs, both in terms of cognitive
processes, and their underlying neural mechanisms. These studies
are providing insight into questions about learning, and possible
translational solutions from the cradle to the classroom. For
example, this work is beginning to provide an understanding of
disorders in memory formation, storage and retrieval, such as with
ageing and dementia’. It is also exploring stress, sleep and fear as
factors that diminish learning.

While it is widely believed that the same mechanisms and
systems underpin learning at large—in the classroom and in
informal learning environments—minimal progress has been
made to advance the translation and practice of this information.
In other words. the results of exnerimental studies are incon-

provide a forum for discussion of advances at all levels that
contribute to understanding learning. We aim to publish cutting
edge research on the mechanisms that underpin and influence
learning and memory formation in experimental systems,
as well as the pedagogical and social factors that influence
education. The open-access nature of this journal facilitates
the support of scientists, educators, informal learning advocates
and policy makers to drive experimental investigations, and
guide the practice and assessment of education. We aim to
publish findings in the functional, cellular, molecular, cognitive
and systems studies of learning and memory formation, as
well as the ideas and thinking of education theory. It is the link
that matters for npj Science of Learning. To support cross-talk
between disciplines, a lay summary will accompany each research
article, to make the findings more accessible to both scientists,
formal educators, advocates, informal educators and policy
makers.

This diversity is refected in the scope of articles in this first issue.
Long-term potentiation (or LTP) is a form of synaptic plasticity that
is believed to be the cellular basis for memory storage. As with
memory formation and consolidation, LTP has early short and late
persistent phases, and different molecular mechanisms mediate
the short and persistent forms of LTP. Pang et al.? show that just as
with the early phase of LTP, the persistent form also has two
phases: induction and mainteinance. They show the two forms
require differential cleavage of the protein brian-derived neuro-
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Many students are being left behind by an educational system that some people believe is in crisis. Improving educational
outcomes will require efforts on many fronts, but a central premise of this monograph is that one part of a solution involves
helping students to better regulate their learning through the use of effective learning techniques. Fortunately, cognitive and
educational psychologists have been developing and evaluating easy-to-use learning techniques that could help students achieve
their learning goals. In this monograph, we discuss 10 learning techniques in detail and offer recommendations about their
relative utility. VWe selected techniques that were expected to be relatively easy to use and hence could be adopted by many
students. Also, some techniques (e.g., highlighting and rereading) were selected because students report relying heavily on
them, which makes it especially important to examine how well they work. The techniques include elaborative interrogation,
self-explanation, summarization, highlighting (or underlining), the keyword mnemonic, imagery use for text learning, rereading,

practice testing, distributed practice, and interleaved practice.
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ABSTRACT

Differing worldviews give interdisciplinary work value. However, these same differences are the primary hurdle
to productive communication between disciplines. Here, we argue that philosophical issues of metaphysics and
epistemology subserve many of the differences in language, methods and motivation that plague interdisci-
plinary fields like educational neuroscience. Researchers attempting interdisciplinary work may be unaware that
issues of philosophy are intimately tied to the way research is performed and evaluated in different fields. As
such, a lack of explicit discussion about these assumptions leads to many conflicts in interdisciplinary work that
masquerade as more superficial issues. To illustrate, we investigate how philosophical assumptions about the
mind (specifically the hard problem of consciousness and mind-body problem) may influence researchers in
educational neuroscience. The methods employed by researchers in this field are shaped by their metaphysical
beliefs, and arguments around these issues can threaten accepted disciplinary ontologies. Additionally, how a
researcher understands reduction in the special sciences and how they place their colleagues in this ontology
constrains the scope of interdisciplinary projects. In encouraging researchers to explicitly discuss the
philosophical assumptions underlying their research we hope to alleviate some of the conflict and establish
realistic expectations for collaborative projects.
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Adapted from Hasso-Plattner Institute of Design, Stanford



Science of learning
incorporated to test
assumptions and
inform solutions
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