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The seductive allure of the brain: Dualism and lay perceptions of neuroscience

Gwendolyn Sandoboe and Iris Berent

Department of Psychology, Northeastern University

ABSTRACT

Laypeople prefer brain explanations of behavior (Weisberg, Keil, Goodstein, Rawson, & Gray, 2008).
We suggest that this preference arises from ‘intuitive Dualism’. For the Dualist, mentalistic
causation elicits a mind-body dissonance, as it suggests that the immaterial mind affects the
body. Brain causation attributes behavior to the body, so it alleviates the dissonance, hence,
preferred. We thus predict stronger brain preference for epistemic traits — those perceived as
least material, even when no explanation is required. To test this prediction, participants
diagnosed clinical conditions using matched brain- and behavioral tests. Experiments 1-2
showed that epistemic traits elicited stronger preference for brain tests. Experiment 3 confirmed
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that epistemic traits are perceived as immaterial. Experiment 4 showed that, the less material
the trait seems, the stronger the surprise (possibly, dissonance) and brain preference. Results
offer new insights into public perception of science, the role of intuitive Dualism, and the

seductive allure of neuroscience.

1. Introduction: The seductive allure of
neuroscience

When laypeople evaluate explanations of behaviour,
they tend to place undue weight on the brain. In
the first systematic investigation of this phenomenon,
Weisberg and colleagues (Weisberg et al., 2008) asked
laypeople to rate their satisfaction with paired expla-
nations of psychological phenomena (e.g., the “curse
of knowledge”). One explanation detailed a cognitive
mechanism (e.g., people mistakenly project their own
knowledge onto others), without mentioning the
brain; the matched neuroscience explanation was
identical in all respects, except for the addition of irre-
levant neuroscience details (e.g., “areas in the frontal
lobe”). Participants rated neuroscience explanations
to be more satisfying. In fact, laypeople preferred
the explanations with neuroscience even when their
logic was circular. Crucially, neuroscience experts
(graduate, postdoctoral and faculty researchers)
showed no such preference, confirming that the
neuroscience explanations were no more informative.
Accordingly, Weisberg et al. (2008) dubbed this
phenomenon the “Seductive Allure of Neuroscience
Explanations”; here we refer to it as the SAN effect.
Although the SAN effect has been replicated
numerous times (Fernandez-Duque et al, 2015;

Hopkins et al., 2016, 2019; Minahan & Siedlecki,
2016; Rhodes et al., 2014; Weisberg et al., 2015; Weis-
berg et al, 2018), the basis of this phenomenon
remains unclear. In what follows, we review several
existing explanations for the SAN effect. We next
propose a novel account for this phenomenon and
evaluate it in a series of experiments.

1.1 Some explanations of the seductive allure of
neuroscience explanations

Why do people prefer brain-based explanations? One
possibility is that people are simply captivated by con-
juring the imagery of the brain. In line with this view,
McCabe and Castel (2008) found that participants
considered scientific articles more credible when the
articles were accompanied by fMRI images compared
to bar graphs, topographic maps, or no image.
However, subsequent studies have failed to replicate
this finding (Gruber & Dickerson, 2012; Hook & Farah,
2013; Michael et al., 2013; Schweitzer et al., 2013). It
thus appears that the SAN effect does not merely
arise from invoking the imagery of the brain.

A second set of explanations attribute the SAN
effect to the complexity of neuroscience narratives.
And indeed, in the SAN literature, some neuroscience
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narratives are longer, and they introduce more
complex technical jargon. But there is evidence that
neither length nor complexity of jargon can explain
the SAN effect. While participants do indeed consider
longer explanations more satisfying (Weisberg et al.,
2015), people prefer brain-based explanations even
when brain explanations are matched to controls for
length (Fernandez-Duque et al., 2015; Hopkins et al.,
2016; Rhodes et al., 2014; Weisberg et al., 2015). Like-
wise, jargon is neither a necessary nor a sufficient con-
dition for the SAN effect. The introduction of technical
jargon (e.g., specific brain areas, fMRI) produces no
preference above and beyond jargon-free expla-
nations that simply invoke the brain, nor does the
addition of jargon from fields other than neuroscience
increase preference (Weisberg et al., 2015).

Complexity also does not seem to promote a pre-
ference because it distracts participants from logical
inconsistencies or boosts their sense of comprehen-
sion. When presented with neuroscience information,
participants were no more likely to ignore methodo-
logical flaws in research, nor did they report a stron-
ger subjective sense of comprehension (Rhodes
et al,, 2014). Similarly, participants who showed a pre-
ference for neuroscience were no more likely to fall
for other logical fallacies (as measured by cognitive
reflection tests; Fernandez-Duque et al, 2015;
Hopkins et al., 2016; Minahan & Siedlecki, 2016;
Rhodes et al., 2014). Together, these results suggest
that added complexity—be it length or technical
jargon—does not fully explain the SAN effect.

On a third account, the SAN effect arises because
readers possess prior beliefs on the specific topic at
hand. When the narrative supports those beliefs,
people might be less critical in their evaluation, and
thus, less likely to detect its logical flaws (Rhodes et al.,
2014). For example, a reader who believes that music
improves studying may be more accepting of irrelevant
neuroscience information in a narrative that advocate
this view. This account would thus predict a stronger
SAN effect only when participants’ prior beliefs are sup-
ported by the article. However, this result was not found
—there was no interaction between prior beliefs and
the SAN effect (Rhodes et al., 2014).

A more promising explanation for the SAN effect
appeals to a general preference for reductive expla-
nations. Reductive explanations are ones that invoke
information from a lower level of analysis. For
example, a biological phenomenon, such as head

bobbing behaviour in lizards during mating season,
could be explained by appealing to chemistry: the
lizards bob their heads due to heightened levels of
testosterone in the bloodstream. Since neuroscience
offers a lower-level analysis of behaviour, it is concei-
vable that the SAN effect could arise from a prefer-
ence for reductive explanations in general. And
indeed, laypeople demonstrably prefer reductive
explanations: they favour physical explanations of
chemistry, chemical explanations of biology, and bio-
logical explanations of neuroscience (Hopkins et al.,
2016; Weisberg et al., 2018). Scientists show this pre-
ference as well (Hopkins et al., 2019). While the prefer-
ence for brain-based explanations of behaviour is in
line with reductionism, the preference for reductive
psychological explanations (i.e, psychology —>
neuroscience) is far greater than the preference for
reduction at other levels of analysis (e.g., chemistry
—> physics; Hopkins et al., 2016; Weisberg et al,,
2018). In addition, when psychological explanations
are reduced even further, by invoking biochemistry,
physics, or mathematics, they are not preferred to
the less reductive explanations that invoked neuro-
science (Fernandez-Duque et al., 2015). Reductionism
alone is thus insufficient to account for the SAN effect.

1.2 The role of Dualism

The discussion thus far suggests that people prefer
psychological explanations that invoke the brain,
and this preference is not fully explicable by complex-
ity, past beliefs, or reductionism. To clarify, this is not
to say that these explanations are inherently wrong;
we do not wish to suggest that reductionism or sim-
plicity are not virtues in scientific explanations.
Instead, we submit that these explanations are insuffi-
cient to account for the SAN effect. The resulting ques-
tion, then, is why the framing of psychological
phenomena in reference to the brain acquires such
special significance for laypeople. Intuitive Dualism
presents an explanation for this preference.

Intuitive Dualism is the tacit belief that the mind is
immaterial and separate from the material body
(Bloom, 2014). A large literature shows that people
indeed segregate bodies and minds. For example,
when people are invited to imagine situations that
perfectly duplicate a person’s body, they intuit that
physical (i.e., material) traits (e.g., a scar or a birth-
mark) are more likely to transfer to the duplicate



than mental traits (e.g., a person’s knowledge of their
own name; Forstmann & Burgmer, 2015; Hood et al.,
2012). Conversely, when people consider situations
that transfer only the mind, such as in pre-life
(Emmons & Kelemen, 2014), after-life (Bering, 2002;
Bering & Bjorklund, 2004), or in mind switching scen-
arios (Cohen & Barrett, 2008; Hood et al,, 2012), they
conclude that mental traits are now the ones that
are more likely to transfer.

This dissociation between mental and physical
traits has been documented cross-culturally (Chudek
et al., 2018; Cohen et al., 2011), even in a “mind
opacity” soceity—a society whose members do not
discuss or otherwise publicly advertise their mental
states (Chudek et al., 2018; for discussion of mind
opacity: Robbins & Rumsey, 2008). These results
suggest that the belief that mind “stuff” is ethereal,
distinct from the material body, is not strictly a
Western phenomenon.

Indeed, the precursors of intuitive Dualism are seen
in young infants. Young infants invoke different prin-
ciples in reasoning about objects and agents. Infants
(including newborns) seem to expect objects to inter-
act according to principles of intuitive physics (Mas-
calzoni et al., 2013; Spelke et al, 1992; Spelke &
Kinzler, 2007; Valenza & Bulf, 2011). For example,
when newborns see one ball (A) launch towards
another ball (B), they expect Ball B to launch only if
it is immediately contacted by Ball A; if there is no
immediate contact, infants are demonstrably sur-
prised (Mascalzoni et al, 2013). Infants likewise
expect objects to have continuity; once an object is
launched, it will move on a connected path, rather
than proceed in “jumps” (Spelke, Kestenbaum, et al.,
1995). Infants, however, do not apply the same conti-
nuity requirement for agents (Kuhlmeier et al., 2004),
nor do they expect agents to move only by contact
(Spelke, Phillips, et al., 1995). Instead, infants seem
to ascribe the actions of agents to their knowledge
(Onishi & Baillargeon, 2005) and goals (Woodward,
1998, 2009). Thus, not only do humans seem to natu-
rally contrast the “stuff of mind” and matter, but they
further apply different causal principles in reasoning
about these two substances. Infants interpret the
causal interactions between objects by applying the
laws of intuitive physics, but when they reason
about agents, they suspend intuitive physics, and
instead, appeal to theory of mind (Leslie, 1987;
Spelke & Kinzler, 2007).!
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Could intuitive Dualism, then, explain the allure of
neuroscience? Weisberg et al. (2008) indeed con-
sidered this possibility, as Dualism “may illustrate a
connection between the mind and the brain that
people implicitly believe not to exist, or not to exist
in such a strong way” (p.8). Similarly, Bloom (2014)
noted that, when laypeople are captivated by neuroi-
maging findings, they “often seem fascinated by the
mere fact that the brain is involved at all” (p.201).
And according to Hook and Farah (2013), people are
surprised by the correspondence between mental
states (e.g., love) and the brain (p.1398). But the
precise contribution of intuitive Dualism to the SAN
effect remains elusive.

To assess the role of intuitive Dualism, past
research invited participants to indicate their agree-
ment with statements such as “the mind and brain
are separate” (Fernandez-Duque et al., 2015; Hook &
Farah, 2013). Results yielded no systematic associ-
ation between these ratings and participants’ prefer-
ence for neuroscience explanations (Fernandez-
Duque et al,, 2015; Hook & Farah, 2013). While these
results would seem to suggest that intuitive Dualism
plays no role, this conclusion may not necessarily be
warranted.

One source of concern is methodological. Intuitive
Dualism, by hypothesis, is a tacit bias in human
reasoning, whereas Dualist scales evaluate partici-
pants’ explicit attitudes towards bodies and minds.
These two manifestations of intuitive Dualism—the
implicit and explicit—need not align. Indeed, many
western adults know too well that cognition corre-
sponds to brain activity, and when asked to respond
to Dualist scales, their explicit ratings are typically
neutral or leaning towards physicalism (Riekki et al.,
2013; Stanovich, 1989). Yet past research has shown
strong evidence for tacit Dualism in individuals who
vehemently argue just the contrary (Bering, 2002).
And as noted, evidence for implicit Dualism has
been detected in adult members of societies that
practice mind opacity (Chudek et al., 2018) and in chil-
dren (Bering & Bjorklund, 2004; Chudek et al., 2018;
Cohen et al,, 2011; Emmons & Kelemen, 2014; Hood
et al., 2012). Furthermore, Dualist scales assess how
Dualist attitudes vary across individuals. But if intui-
tive Dualist attitudes are robust and universal (akin
to having five fingers), then inter-personal variability
would be minimal. If so, the absence of correlation
between Dualism and behaviour would not
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necessarily show that Dualism plays no role in reason-
ing. For these reasons, the utility of explicit Dualist
scales may be limited, methodologically; implicit
methods are likely to offer a more sensitive gauge
of the role of intuitive Dualist thinking.

Another obstacle to assess the role of intuitive
Dualism is theoretical. To evaluate the contribution
of intuitive Dualism to the SAN, one must detail
how the mind/body divide promotes a preference
for brain explanation. Existing proposals, however,
do not specify this link. While it seems intuitively
likely that laypeople are surprised by the involvement
of the brain in psychological processes, it is unclear
why this surprise would lead them to prefer a brain
explanation that is superfluous or even flawed. Cer-
tainly, people do not invariably find all surprising
explanations credible. For example, the heliocentric
model of the solar system is arguably surprising, but
it is an explanation that people have strongly resisted
(Koestler & Butterfield, 1989). The resulting question,
then, is how intuitive Dualism leads to the SAN
effect. In what follows, we articulate such an
account, and evaluate it in a manner that does not
depend on the explicit endorsement of Dualism.

Our proposal further predicts that the preference
for brain causes should arise generally, irrespective
of whether people explicitly engage in explanations,
or whether they merely engage in causal reasoning.
Our experiments thus evaluate the role of brain
causes in causal reasoning.

1.3 Could the SAN effect arise from a Dualist
dissonance?

The present research is designed to evaluate a novel
account for the relationship between intuitive
Dualism and SAN (Berent, 2020). In this view, people
prefer brain-based explanations because invoking the
brain alleviates a cognitive dissonance, caused by intui-
tive Dualism. To explain why such a dissonance arises,
we first ought to take a closer look at Dualism.
Earlier, we stated that intuitive Dualism is com-
mitted to the presumption that the “stuff of the
mind” is distinct from matter—the stuff of bodies. In
addition, when people (including young infants)
reason about interactions among physical objects,
they further invoke different causal principles relative
to those they summon to explain the behaviour of
agents. Young infants, recall, expect objects to

follow the principles of intuitive physics (e.g.,
contact), whereas agents seem to be driven by their
mental states (e.g., Hamlin et al., 2013; Kuhlmeier
et al,, 2004; Onishi & Baillargeon, 2005; Spelke et al.,
1992; Woodward, 1998).

These distinct sets of intuitive causal principles con-
tinue to guide causal reasoning throughout life. Intui-
tive physics is known to guide adults’ physical
understanding, and indeed, it wreaks havoc in scien-
tific physical reasoning (e.g., Mccloskey, 1983). Simi-
larly, theory of mind continues to guide our intuitive
reasoning about quotidian behaviour (Leslie et al.,
2004). For example, we intuit that one might decide
to extend one’s arm towards the coffee mug because
one believes there is still some coffee left inside. It is
one’s belief (a mental state) that causes one’s decision
(another mental state) to move one’s arm.

But this neat Dualist division between mind and
matter immediately runs into a major problem. The
problem arises because, per theory of mind, mental
states can cause behaviour to happen. It is one’s
belief about the contents of one’s coffee mug (and
one’s desire for coffee) that caused one’s arm to
move (hereafter, mentalistic causation of behaviour).
And per intuitive Dualism, one’s arm is very much
part of one’s material body—it is a physical object,
much like the launching balls.

Per intuitive physics, however, such interactions
between mind and matter are impossible. Intuitive
physics, recall, mandates that one physical object can
only move by contact with another physical object.
But per intuitive Dualism, mental states like “belief”
and “desire” are immaterial. Mind, then, cannot poss-
ibly cause movement of a physical object, such as
one’s arm. Under Dualist reasoning, such mentalistic
explanations should thus trigger a pressing mind-
body dissonance (for illustration, see Figure 1a).

(1) The Dualist dissonance

a. Per intuitive Dualism, the mind is immaterial,
distinct from the material body.

b. Per intuitive physics, one material object can
only move by contact with another material
object.

c. Per theory of mind, mental states can cause
the (material) body to move (i.e., behaviour),
contrary to intuitive physics.

d. The attribution of behaviour to mentalistic
causes gives rise to a mind-body dissonance.
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Brain Causation

Material

Figure 1. Visualization of the Dualist dissonance and its resolution by invoking brain causes of behaviour. (A) Per theory of mind,
laypeople attribute behaviour (grabbing the mug) to mental states (e.g., the desire for coffee). Since, per Dualism, the mind is distinct
from the body, and since (per intuitive physics), physical objects can only interact by contact, such mind-body interactions are proble-
matic—they elicit a mind-body dissonance. By attributing the cause of behaviour to the brain (B), one situates the cause of behaviour
within the body, so the Dualist dissonance is alleviated. For this reason, brain causes of behaviour are preferred.

In everyday situations, this dissonance is typically
moot. This is because our theory of mind routinely
attributes people’s behaviour to mental states (e.g.,
we interpret people’s actions in terms of their
goals). In addition, people do not spontaneously
entertain the possibility that behaviour arises from
brain states. Since people crave to unveil the causes
of events, including behaviour (Keil, 2006; Lombrozo,
2006), and since mentalistic, psychological causes of
behaviour are not only pervasive but they are also
the only internal causes of behaviour that are avail-
able to us intuitively, the dissonance they elicit is typi-
cally ignored.

Brain-based explanations, however, change this
status quo. First, by presenting a choice between
mentalistic and brain causes, brain-based expla-
nations highlight the Dualist dissonance latent in
the mentalistic view. Second, by suggesting an
alternative cause of behaviour (i.e., brain-causa-
tion), brain-based explanations now offer a “way
out” of this dissonance. If it is the material brain
that commands the material hand to move, then
it is now matter that causes movement in matter,
and the mind-body dissonance is solved (see
Figure 1b).?

By presenting a material cause of behaviour, then,
brain-causation alleviates the mind-body dissonance
inherent in mentalistic causation. Consequently,
under intuitive Dualism, brain-based explanations
are more satisfying, even if they are no more scientifi-
cally informative than the mentalistic explanations. It
is the resolution of the Dualist dissonance that pro-
motes the SAN effect.

This account makes two major testable predictions.
First, we expect the seductive allure of neuroscience
(SAN) to be a broader characteristic of causal reason-
ing that is not limited to explanations, specifically.
Second, we expect the SAN effect to be further modu-
lated by the type of psychological trait that is being
explained—sensorimotor vs. epistemic. Below, we
explain both predictions.

1.3.1 The seductive allure of neuroscience shapes
causal reasoning

If the dissonance account is correct, then the seduc-
tive allure of the brain may be far broader than
what had been previously assumed—a seductive
allure of neuroscience, as opposed to strictly a seduc-
tive allure of neuroscience explanations. This is
because, by this proposal, the SAN arises from the
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attribution of behaviour to mentalistic causes, and
people infer such mentalistic causes spontaneously,
even without engaging in explicit explanations;
indeed, mentalistic causation seems to arise even in
preverbal infants (e.g., Hamlin et al, 2007; Kiley
Hamlin et al., 2013; Kuhlmeier et al., 2003). Since men-
talistic causation is spontaneous, and it promotes the
SAN (via the Dualist dissonance), we thus expect the
SAN to arise in all forms reasoning about the causes
of behaviour; the preference for neuroscience expla-
nations is merely a special case.

This preference arises because people monitor the
structure of their causal reasoning. Past research
suggests that people spontaneously consider events
that are linked to a cause (e.g., the bottle fell off the
shelf) as more plausible relative to events that
merely describe an attribute (e.g., the bottle is
pretty; Connell, 2004; Connell & Keane, 2004;
Emmons & Kelemen, 2004). We suggest that a
similar evaluation takes place when people consider
the causes of behaviour. Since brain causes alleviate
the Dualist dissonance, we expect people to consider
causal chains that invoke brain causes as better-
formed, hence, preferred.

This preference can acquire multiple forms. When
people engage in explanation (narrowly), the prefer-
ence for brain causes would lead participants to con-
sider brain explanations as more satisfying. Similarly,
when the task merely promotes causal reasoning
about an event/narrative, here, too, brain causation
ought to be better-formed, so we expect people to
consider such events/narratives as more plausible.
For example, when participants are presented with
a patient who suffers from a clinical condition, we
expect people to consider the diagnosis more plaus-
ible when it is given by a brain- (relative to a behav-
ioural) test. Similarly, participants should consider a
brain test as a more appropriate means to diagnose
the patient’s condition (relative to a matched behav-
ioural test). We summarize this logic in (2).

(2) The seductive allure of neuroscience (SAN) in

causal reasoning

a. When people reason about human behaviour,
they tacitly evaluate the well-formedness of
their reasoning.

b. Well-formedness of causal reasoning is deter-
mined, in part, by intuitive Dualism: mind
and matter cannot causally interact.

c. Mentalistic causes violate intuitive Dualism
(see (1)), so these causal chains are ill-formed
relative to ones that attribute behaviour to
brain causes. Consequently,

i Brain explanations of behaviour should
be considered more satisfying (relative
to ones that invoke mentalistic causes).

ii Scenarios that attribute behaviour to
brain causes should be considered
more plausible.

1.3.2 The seductive allure of neuroscience should

be stronger for epistemic traits

A second prediction of our proposal has to do with
which psychological traits (e.g., seeing, knowing) are
most vulnerable to SAN. People typically consider
psychological traits as causes of behaviour. For
example, a behaviour, such as moving one’s arm
towards a cup, could be caused by psychological
traits such as seeing the cup or knowing that the
cup is on the table. And since these psychological
traits are typically aligned with the mind, their effect
on the body (behaviour) ought to elicit a dissonance,
and in so doing, trigger the SAN effect—the stronger
the dissonance, the stronger the SAN effect.

The strength of the dissonance, in turn, should
depend on the perceived anchoring of psychological
traits (the causes of behaviour) in the material body:
the psychological traits that are perceived as most
ethereal (i.e., as disembodied) are ones that should
elicit the strongest mind-body dissonance.

Indeed, there are reasons to expect that psycho-
logical traits could differ in that regard. Sensory and
motor capacities, like hearing, seeing, walking, and
grasping, can be readily associated with specific
body parts, so one would expect sensory and motor
traits to be perceived as relatively material. But for
abstract epistemic states, such as the knowledge of
one’s name, or the syntactic structure of language,
the link to the material body is elusive.

In line with this possibility, past research has shown
that epistemic states are thought to be more likely to
transfer to the afterlife (Bering, 2002; Bering & Bjork-
lund, 2004) and to the minds of others (Chudek
et al., 2018; Cohen et al., 2011). Moreover, when epis-
temic and sensorimotor traits were directly con-
trasted, people rated epistemic traits as reliably less
likely to transfer to a body replica or be localized in



the brain compared to sensory and motor traits,
whereas sensory and motor traits were rated as less
likely to transfer to the afterlife (Berent et al., in
press). These results reflect tacit Dualist beliefs that
sensorimotor traits are more materially embodied
than abstract knowledge.

So, when one recognizes that (material) sensorimo-
tor traits (e.g., the capacity to move one’s arm) can
effect changes in matter (e.g., the lifting of a cup by
one’s arm), this effect of matter on matter is unre-
markable, as it is consistent with intuitive physics—
the mind-body dissonance is minimal. But when
such material changes (e.g., the moving of one’s
body) arise from immaterial epistemic states (e.g.,
knowledge that there is a cup in the cupboard), intui-
tive Dualism should now cause one to experience a
sharp dissonance.

This analysis of the SAN effect generates clear, tes-
table predictions. First, if the SAN effect arises from a
mind-body dissonance, then epistemic states should
elicit a stronger dissonance, hence, a stronger SAN
effect relative to sensorimotor traits. Second, the
magnitude of the SAN effect should depend on per-
ceived materiality of these traits. And finally, as
noted (in the previous section), the SAN should arise
even when the task does not require participants to
engage in explanation, specifically. The present
research tests these predictions.

1.4. The present research

To test the prediction that the seductive allure of
neuroscience (SAN) is a property of causal reasoning,
broadly (as opposed to explanations, specifically), in
the following experiments, we gauge the SAN effect
implicitly, without asking people to explicitly evaluate
brain- and mentalistic explanations. Participants were
invited to help a clinician choose between two
methods of diagnosis for a psychological disorder—
a brain test and a closely matched behavioural test.
A preference for the brain test (relative to a behav-
ioural test matched for its informative value) would
demonstrate that people are seduced by the allure
of neuroscience (i.e., a SAN effect) in causal reasoning.

To determine whether the SAN effect further
depends on the type of psychological traits, we com-
pared participants’ preference for brain- and behav-
ioural-based tests for two types of symptoms:
epistemic and sensorimotor. Epistemic symptoms
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were designed to reflect the manipulation of mental
representations. For example, theory of mind was
considered an epistemic symptom because it
invokes reasoning about another person’s mental
states. Sensorimotor symptoms, by contrast, directly
appealed to sensory organs (e.g., auditory hyper-sen-
sitivity) and bodily movements (e.g, motor
coordination).

To test for the SAN effect, participants were pre-
sented with four pairs of vignettes, featuring four
types of psychological disorders (neurodevelopmen-
tal, language, reading, and age-related degenerative
disorders). Within each disorder pair, one vignette
described a symptom related to an epistemic state
(hereafter, an epistemic symptom), whereas its
matched counterpart featured a sensorimotor
symptom. For example, participants were presented
with two symptoms of autism—an impairment in
theory of mind (an epistemic symptom) and auditory
hypersensitivity (@ sensory symptom). Theory of mind
is considered an epistemic state because it captures
one’s knowledge of another person’s mental states.
Auditory sensitivity, in contrast, patently corresponds
to a bodily sensation, namely, hearing.

Each such symptom was evaluated by two
matched tests— a brain test and a behavioural test.
The behavioural test included methods such as
looking time or response time, whereas the brain
test gauged the brain’s electric activity in a manner
akin to EEG. Participants were told which test
outcome is expected for typical individuals and
which one would be indicative of a disorder. In each
case, then, the test results only indicated whether par-
ticipants’ responses were typical or atypical—the
brain test offered no additional information, such as
the affected brain region or its connectivity.

With this information in mind, participants were
asked to indicate their preference for the two tests.
In Experiment 1, participants indicated which test pro-
vides a better screening for the disorder. In Exper-
iment 2, participants were asked to rate how likely is
it that an atypical test result indicates a disorder
(using a 1-7 scale); participants made this judgment
for both the behavioural and brain test.

Given the information presented to participants,
both tests suggested a disorder (as participants
were explicitly told that the pattern of results in
each case was abnormal), and the two tests were
strictly matched for their diagnostic value.
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Accordingly, on scientific grounds, a positive outcome
on the brain test is just as likely to suggest a disorder
as a positive outcome on the behavioural test.

From the perspective of intuitive Dualism,
however, these two tests differ markedly. The brain
test explicitly references the body, as it measures
changes in the (material) brain. The behavioural test,
by contrast, does not explicitly invoke the body.
And since, per theory of mind, people routinely inter-
pret behaviour in mentalistic terms, the outcome of
the behavioural test could thus be attributed to the
mind- rather than the body. Indeed, past research
using these same manipulations has consistently
shown that people are more likely to associate the
outcomes of the brain test with one’s bodily
essence relative to the outcomes of a matched behav-
ioural test (Berent et al., 2020; Berent et al., in press;
Berent & Platt, 2021). The behaviour test, then,
elicits a Dualist dissonance, whereas the brain test
alleviates this pressure (see (3)). Accordingly, we
expected that participants should prefer the brain
test over the behavioural test.

(3) How invoking brain causes of behaviour alleviates
the Dualist dissonance:
a. Mentalistic causes of behaviour elicit a Dualist
dissonance.

i Per theory of mind, the behavioural test
suggests a mentalistic cause.

ii Mentalistic causes of behaviour
(changes in the body) elicit mind-body
dissonance (see (1)).

b. Brain causes attribute behaviour (changes in
the body) to the material body (the brain).
¢. Brain causes alleviate the Dualist dissonance.

The Dualist dissonance account, however, further
predicts that this preference for the brain test
should be modulated by the type of symptom—epis-
temic vs. sensorimotor. As noted, laypeople perceive
epistemic traits as disembodied (relative to sensori-
motor traits; Berent et al., in press). We thus predict
that epistemic symptoms (e.g., theory of mind)
should elicit a stronger Dualist dissonance compared
to the sensorimotor symptoms (e.g., auditory hyper-
sensitivity), which, in turn, should result in a stronger
preference for the brain test.

To further explain this prediction, consider again
the above-mentioned symptoms of autism—auditory

hypersensitivity and theory of mind (sensory and epis-
temic symptoms, respectively). The two vignettes
make it clear that the epistemic and sensory symp-
toms have direct consequence for behaviour. For
example, the failure of a patient with autism to
appreciate another person’s mental (epistemic)
states should lead them to incorrectly predict where
this person might look for a missing object
(behaviour).

For the Dualist, such effects of epistemic states on
behaviour present a sharp dissonance, as they
demonstrate that the immaterial mind can effect
change in the material body. The brain test alleviates
the dissonance because it patently demonstrates that
the abnormality in autism arises not from ethereal
mind but from the material body (the pattern of
EEG activity). Consequently, for such epistemic symp-
toms, we expect people to strongly prefer the brain
test to the behavioural test (where no solution to
the dissonance is presented). By contrast, for the sen-
sorimotor symptom (e.g., auditory hypersensitivity),
the dissonance is weaker, since the cause of the
symptom is perceived to reside in the material
body. So here, the preference for the brain test
should correspondingly diminish.

(4) Why epistemic traits should elicit a stronger SAN

effect.
a. The SAN effect arises from a Dualist
dissonance.

i Brain tests confirm that the cause of the
behaviour/symptoms lies within the
body.

ii People prefer to attribute behaviour to
brain causes because in so doing, they
alleviate the Dualist dissonance (in (1)).

iii The magnitude of the SAN preference
depends on the magnitude of the
Dualist dissonance—the stronger the
dissonance, the stronger the SAN effect.

b. Epistemic traits elicit the strongest mind-body
dissonance.

i. The magnitude of the Dualist disso-
nance depends on the perceived imma-
teriality of psychological traits—the
less material a trait is, the more puz-
zling its effect on the material body
(behaviour), hence, the stronger the
dissonance.



ii. Epistemic traits are perceived as imma-
terial, distinct from the body (Berent
et al,, in press)

iii. Epistemic traits elicit the strongest
Dualist dissonance.

c. The preference for brain tests is strongest for
epistemic traits.

Summarizing, then, if the preference for the brain
test results from its capacity to alleviate the Dualist dis-
sonance, then people should show stronger preference
for the brain test for epistemic symptoms (where the
dissonance is maximized) compared to sensorimotor
ones (see (4)). And since the attribution of behaviour
to brain causes should be considered better formed
(as it alleviates the Dualist dissonance), we expect
people to consider the entire diagnostic scenario
more plausible (see 2c). Thus, when participants are
informed that the patient has a clinical condition,
people should consider the brain test as a better (i.e.,
more plausible) diagnostic test for that condition. Simi-
larly, people should consider it more plausible that a
positive diagnosis revealed via a brain test corresponds
to the actual underlying condition, relative to a positive
diagnosis detected by a behavioural test. Experiments 1
and 2 test these two predictions, respectively.

Experiments 3 and 4 were designed to test two
auxiliary assumptions of the dissonance account. In
this proposal, epistemic symptoms elicit a stronger
SAN effect because they are perceived as relatively
immaterial, so their demonstrable effect on behaviour
elicits a stronger dissonance. Experiment 3 tested
whether our epistemic symptoms were indeed
viewed as less material than the sensorimotor ones.
Experiment 4 gauged the dissonance elicited by epis-
temic and sensorimotor symptoms. We predict that
epistemic symptoms should elicit a stronger disso-
nance, and this dissonance should depend on the per-
ceived materiality of the symptom.

2, Part 1: Do laypeople prefer neuroscience
more when reasoning about epistemic traits?

Experiments 1 and 2 each presented participants with
a series of vignettes featuring epistemic and sensori-
motor symptoms of a psychological disorder (e.g.,
for autism: theory of mind impairment vs. auditory
hypersensitivity). In each case, the description of the
symptom was followed by two tests for its presence,
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one behavioural (e.g., looking time) and one brain-
based (e.g., spikes in brain response). Participants
were asked to choose/rate the two tests and
provide a brief explanation for their response. We
hypothesized that laypeople would prefer brain
tests to behavioural tests overall, and that the prefer-
ence would be stronger when reasoning about epis-
temic symptoms relative to sensorimotor symptoms.

In Experiment 1, participants responded to a forced
choice question (“which method is better”). By con-
trasting the two tests, we sought to determine
whether participants will prefer the brain test even
when the experimental task does not require that
they evaluate a brain explanation explicitly. In Exper-
iment 2, participants rated each test individually, on a
1-7 scale. Since this experiment does not elicit a com-
parison of the two tests, it allows us to determine
whether the preference for the brain test emerges
spontaneously. Thus, this second experiment pre-
sents a stronger test of the SAN effect. Our question,
however, is not merely whether the SAN effect will
emerge, but whether it depends on the symptom in
question—epistemic or sensorimotor. Our dissonance
account predicts that the preference for the brain test
should be stronger for epistemic symptoms com-
pared to sensorimotor symptoms.

Our account attributes this pattern to intuitive
Dualism—a tacit bias that is potentially distinct from
people’s explicit beliefs about the mind/body divide.
To address this distinction, and to compare our
results with past research where Dualism was
gauged explicitly (Fernandez-Duque et al, 2015;
Hook & Farah, 2013), our experiments also assessed
participants’ explicit endorsement of Dualism. Since
we hypothesize that SAN is caused by an intuitive
Dualist bias, we do not predict a correlation
between preference for the brain test and this explicit
measure of Dualism. By contrast, we do expect the
preference for the brain test to be linked to tacit
Dualist beliefs, as gauged by the perceived materiality
of the psychological symptoms in question. This latter
prediction is evaluated in Part 2 (in Experiments 3-4).

2.1 Experiment 1: Preference for brain vs.
behavioural test (forced choice)

2.1.1 Participants
48 Northeastern University students took part in this
experiment in partial fulfillment of a course credit.
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Most participants reported taking no advanced-level
courses in psychology (87%), neuroscience (98%), or
biology (69%). Sample size was determined based
on a pilot study of Experiment 2 (rating responses),
using an a-priori required sample size power analysis
in GPOWER (Erdfelder et al., 1996). Results showed
that a sample size of at least 12 participants would
be required to obtain the moderate effect size for
the hypothesized Symptom X Test interaction (n%amaL
=.14) at a power of 0.8 and an alpha level of .05. We
thus set the sample size for N =48. This sample size
was adopted in Experiments 1, 2 and 4; sample size
for Experiment 3 was calculated separately and is
described wherein.

Experiments 1-4 each employed a unique group of
participants. All participants signed an informed
consent, and the research protocol was approved by
the IRB at Northeastern University.

2.1.2 Materials

The materials included four pairs of vignettes, describ-
ing symptoms of four types of psychological dis-
orders: neurodevelopmental (Autism), language
(Aphasias), reading (Alexia), and age-related degen-
erative (Alzheimer’s, Parkinson’s). Each vignette pair
featured two symptoms of the disorder, one that
reflected the manipulation of mental representations
(“epistemic symptoms”), and one that involved the

movements or sensations of the body (“sensorimotor
symptoms”). The full list of vignettes is provided in
Appendix A.

All vignettes had the same three-part format (see
Figure 2). The first section describes the disorder
and its symptoms—either epistemic or sensorimotor.
The next section introduces a screening procedure,
designed to test for the presence of the symptom.
For example, theory of mind (an epistemic symptom
of autism) is evaluated by a false belief task. The
test features a character whose car keys are mis-
placed, unbeknownst to her. The viewer (i.e,
patient) is asked to predict where the character will
look for her keys. This section ends with a rationale,
stating why the clinician believes this task will identify
patients with the symptom, and thus the disorder. For
example, since people with autism have difficulties
reasoning about the minds of others, they are
expected to be surprised to see the character search
where she had left the keys, rather than where the
viewer knows them to be.

The final section describes the two tests to
measure the symptom, one behavioural and one
brain based. The brain tests described recording
brain spikes, akin to an EEG, while the behavioural
tests describe a behavioural measure, such as
looking time or response time. Critically, both tests
evaluate the same construct. For example, in the

Epistemic Vignette Section Sensorimotor Vignette

One common symptom of autism is the difficulty recognizing
that one’s own knowledge may be distinct from the Another symptom of autism is auditory hypersensitivity.
knowledge of another person... Sym ptO m People with autism can be overly sensitive to sounds...
To diagnose this difficulty, the clinic plans to present people To diagnose this difficulty, the clinic plans to present people
with [false belief task]. with [cocktail party task].
Typical | Id anticipate Alice t h for the k
Tl oot b e by s b

Sa ey aTey S . P & Spad events in either condition, as their auditory system would
However,have diificultiesitecognlzinglotherpeoplesbelisfs readily focus on the person’s voice and automatically suppress
i e omjtheirown Solth Sylwould e surniised the irrelevant sounds. People with autism, however, have
to see Alice reach for the bowl (where she had left them) s A i 2 !

- difficulties blocking out these sounds, so the background
rather than the drawer (where the viewer knows them to be). T R O T R G O (e T
That surprise reflects difficulty to distinguish one’s own P e T e e T e ar'\d
knowledge from the knowledge of others, and is indicative of e X 2
R indicates autism.

autism.
The behavioral method monitors a person’s eye movement as The behavioral method monitors a person’s eye movement as
they are watching the video. [...] the researchers expect they are watching the video. [...] People with autism are thus
people with autism to show a longer looking time when Alice Te St expected to divert their eyes away from the reporter more
reaches for the bowl compared to when she reaches for the... b . often in the presence of noisy distractors...
The neural method monitors a person’s brain activity as they ( rain or The neural method monitors a person’s brain activity as they
are watching the video [...] People with autism are thus be haVior) are watching the video [...] People with autism are thus
expected to exhibit a larger spike in brain activity when Alice expected to exhibit a larger spike in brain activity when noisy
reaches for the bowl compared to when she reaches for the... distractors appear...

Figure 2. Overview of the vignette structure.



theory of mind vignette, both the brain and the
behavioural test evaluate the patient’s surprise
(upon seeing the character search for her keys at
the unexpected location). The behavioural test
gauges surprise by monitoring the patient’s eye
movement at the display and participants are
informed that “long looking times indicate surprise”.
The brain test gauges surprise by monitoring the
patient’s brain activity. Here participants are told
that “there is a characteristic increase in the brain’s
activity (a “spike”), when a person is surprised”.

For each test, participants were further informed
what is the expected test outcome for typical individ-
uals (e.g., longer looking time when the character
searches in the new location) and what outcome is
expected for people who suffer from the disorder
(e.g., longer looking time when the character searches
in the original location). The end of this section asks
participants “Which method do you think would be
best to screen people for [disorder]?”

The tasks featured in our vignettes were based on
ones described in published scientific research (ERPs
in theory of mind tasks: Sabbagh & Taylor, 2000; audi-
tory ERPs: Pilling, 2009; phonological processing in
dyslexia: Russeler et al., 2007; visual filtering in dys-
lexia: Roach & Hogben, 2007; ERPs in sentence proces-
sing: Thornhill & Van Petten, 2012; ERPs in response to
unpredictable auditory stimuli: Squires et al., 1975;
ERPs in semantic memory tasks: Castaneda et al.,
1997; motor preparation deficits in Parkinson’s:
Fearon et al.,, 2017). However, the methods described
in our vignettes were simplified to be more easily
understood by a lay audience. For instance, instead
of evaluating the distinctive characteristics of an ERP
recording, the vignettes merely referred to a “spike
in brain activity”. Correspondingly, the matched
behavioural test did not detail the complex dynamics
of eye-movement. Instead, the behavioural test
merely predicted that people with the disorder
should exhibit longer (or shorter) “looking time”.
Additionally, our descriptions of the disorders
altered some of the tasks reported in the literature
so as to match the two tests for their outcomes. In
particular, we designed the tests such that, for each
symptom, both tests (behavioural and brain) identify
the disorder by either a positive outcome (e.g., the
presence of a spike/longer looking time) or a null
outcome (e.g., the absence of a spike/no difference
in looking time).
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At the end of the experiment, participants were
given two measures of explicit Dualist beliefs. The
first, adapted from Forstmann et al. (2012), presented
participants with seven diagrams representing the
distance between the mind and the body as the dis-
tance between two circles. Participants were asked
to “select the diagram that [they] believe best rep-
resents the relationship between the mind and the
body”. Participants responded to the “circle”
Dualism question using a 1-7 scale representing the
perceived distance between body and mind, with 7
being the most distant.

A second explicit test of Dualism (adapted from
Fernandez-Duque et al., 2015) asked participants to
express their explicit beliefs regarding the mind/
body divide via a 1-5 scale. Items included Dualist
statements such as “Each of us has a soul that is sep-
arate from the body” and physicalist statements such
as “All of my conscious experience is the result of
activity in my nervous system” (reverse-coded).
Altogether, each participant responded to seven
questions, and the mean was treated as their “ques-
tionnaire Dualism score”. All Dualism items are pre-
sented in Appendix E.

2.1.3 Procedure

Participants were tested in the lab individually. After
signing an informed written consent, each participant
was seated at a computer and given the experiment
via a Qualtrics survey. The survey first introduced
the diagnostic scenario “we ask you to imagine that
you are advising a clinic on the best methods to
screen people who are suspected of having psycho-
logical disorders”. Participants were then instructed
to “carefully read the descriptions of the disorder in
question, and then evaluate the effectiveness of
each of the tests the clinic is considering.” Participants
indicated their response as a forced choice between
the two test methods (Behaviour/Brain) and provided
a brief explanation for their response. Each vignette
appeared on a separate page, and participants
could not revisit previously viewed vignettes. After
responding to all eight vignettes, participants
answered questions concerning their demographics
and education. Finally, participants were given the
“circle”, followed by the “questionnaire” tests of
their explicit Dualist beliefs. The entire experiment
was completed in less than 30 min, on average.
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2.1.4 Design

Each participant received all four vignette pairs in a 4
Disorder (Autism, Language, Reading, Aging) x2
Symptom (Epistemic, Sensorimotor) within-subjects
design. The order of the vignette pairs and the relative
order of the two symptom vignettes were counterba-
lanced between subjects in a Latin square design. The
order of appearance of the two tests within the vign-
ette was also counterbalanced, between subjects.

2.1.5 Results and discussion

Experiment 1 collected three measures. Our primary
interest is in participants’ choice among the two
tests. We also examined participants’ written justifica-
tions of their responses, as well as their responses to
the explicit Dualism scales. We analyse each of these
three measures in turn.

a.  Test choice. An inspection of the mean choice
(see Figure 3) suggests that participants were
more likely to choose the brain test for epistemic
symptoms (0.63) than for sensorimotor symp-
toms (0.53).

To evaluate this observation, we submitted the
results to a Generalized Linear Mixed Model
(GLMM), with Symptom (epistemic/sensorimotor) as
a fixed effect and Subject as a random effect. Disorder
was excluded, as adding this factor to the model
yielded a singular fit. There was a significant main
effect of Symptom (Z=-2.10, p=.04, OR=1.57),
confirming that participants were more likely to
prefer the brain test for epistemic symptoms com-
pared to sensorimotor symptoms.

To further determine whether participants pre-
ferred the brain test, we next contrasted their mean
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m Brain Test Behavioral Test

Figure 3. The choice proportion of the brain test for epistemic
and sensorimotor symptoms. (Error bars represent standard
errors of the proportions).

choice against chance (.50) using a GLMMs with
Subject as a random effect. These analyses were con-
ducted separately for the epistemic and the sensori-
motor symptoms. Results showed that the
preference for the brain test was significantly higher
than chance only for epistemic symptoms (M =.63,
Z=3.46,p <.001, OR=1.71), but not for sensorimotor
ones (proportion=.53, Z=.72, p=.47, OR=1.11).

Thus, when participants were invited to diagnose a
disorder, they reliably preferred a brain test over a
behavioural test—a result in line with preference for
brain-based explanations found in previous studies.
Our results, however, show that this preference was
reliable only when participants reasoned about epis-
temic, rather than sensorimotor symptoms. Addition-
ally, epistemic symptoms yielded a reliably higher
preference for the brain test.

b. Written justification. We next examined partici-
pants’ written justification of their choices. Of the
total of 384 responses, 299 explicitly referenced a
test (either the brain test, the behaviour test or
both), either positively (e.g., monitoring the
activity in the brain seems to be a better way to
truly determine if there is impairment), or nega-
tively (e.g., autism occurs on a spectrum, so just
measuring spikes may not account for less severe
degrees of autism).

An inspection of the mean proportion of positive
responses (see Table 1) suggested that participants
were most likely to comment on the test positively
when a brain test was paired with epistemic symp-
toms. To evaluate the effects of Test and Symptom,
we submitted the positive responses to a 2 Test x 2
Symptom generalized linear mixed effect model
(GLMM). We found a significant effect of Test (Wald
x’=7.65, p=.01, =.28) as well as a reliable Test x
Symptom interaction (Wald ¥°=7.65, p=.01, ¢
=.28). The effect of Symptom was not significant
(Wald x*= .58, p = .45).

Table 1. Participants’ mean positive and negative comments on
the brain and behavioural tests.

Symptom
Comment Type Epistemic Sensorimotor
Positive Test Brain 0.40 0.33
Behavioural 0.22 0.33
Negative Test Brain 0.10 0.1
Behavioural 0.29 0.27




To interpret the interaction, we next evaluated the
effect of Test for each of the two symptoms. For epis-
temic symptoms, positive comments were more fre-
qguent for the brain- relative to the behavioural test
(Wald x*=14.57, p<.001, ¢=.74); this, however,
was not the case for the sensorimotor symptoms (A
=0). Thus, not only were participants more likely to
choose the brain test for epistemic symptoms, but
they also expressed this preference in their positive
comments.

Negative comments were overall less frequent (see
Table 1). A 2 Test x2 Symptom GLMM model only
found a significant effect of Test (Wald x>=36.07, p
<.001, ¢ =1.30), as participants were more likely to
comment negatively on the behavioural- relative to
the brain test. The effect of Symptom (Wald
x> <.001, p=.98) and the interaction (Wald x*=.28,
p =.60) were not significant.

C. Explicit measures of Dualism. The choice
responses and (positive) comments considered
thus far suggests that the preference for the
brain test was stronger for epistemic symptoms.
As noted, this preference could reflect partici-
pants’ implicit bias towards Dualism, a position
that is distinct from their explicit endorsement
of the mind body divide. And indeed, when par-
ticipants were asked to explicitly reason about
the mind/body divide, their endorsement of
Dualism was relatively low.

For the “circle” question, participants’ average
score was 2.06 (on a 1-7 scale). Similarly, their mean
response on the Dualism “questionnaire” (M =2.82)
was not significantly different from 3, the value of
the scale’s “neutral” midpoint (t=-1.38, p=.09, d=
—.28). As predicted, there were also no significant cor-
relations between participants’ preference for the
brain test and their explicit Dualism, under either
the circle (r(46) =.11, p=.44) or questionnaire (r(46)
=—.20, p=.17) measures. Similarly, neither measure
correlated with preference for the brain test for epis-
temic (circle: r(46) = .09, p = .56; questionnaire: r(46) =
—.13, p=.40) and sensorimotor (circle: r(46)=.10, p
=.52; questionnaire: r(46) = —.20, p=.17) symptomes.

Altogether, Experiment 1 shows that participants
reliably prefer the brain test for symptoms that are
epistemic. One limitation of these results, however,
is that our procedure explicitly asked participants to
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contrast the two tests. The question thus arises
whether participants would still show the same pre-
ference spontaneously, even when the task elicits
no explicit comparison of the two tests.

To address this question, Experiment 2 asked par-
ticipants to evaluate each test individually (on a 1-7
scale). After reading the vignette, participants were
informed of the actual test outcome for the patient,
which invariably suggested a disorder. With this infor-
mation in mind, participants were asked to evaluate
how likely is it that the patient has the disorder
given the results of the brain and behavioural tests.
The design and materials were otherwise identical
to Experiment 1. We predict a stronger preference
for the brain (over the behavioural) test for epistemic
(relative to sensorimotor) symptoms.

2.2 Experiment 2: Preference for brain vs.
behavioural test (rating)

2.2.1 Participants

48 Northeastern University students took part in this
experiment in partial fulfillment of a course credit.
Most participants reported taking no advanced level
courses in psychology (79%), neuroscience (98%), or
biology (63%).

2.2.2 Materials and Procedure

The vignettes were the same as those used in Exper-
iment 1, with the exception that participants rated (on
1-7 scale) how effectively each test would evaluate
the given symptom (rather than make a forced
choice, as in Experiment 1) . Specifically, participants
were asked how likely the patient would be to have
the disorder if they demonstrated a positive test
result. For example, the theory of mind vignette
asked, “If a person was tested using the [behav-
ioural/neural] method and showed a longer looking
time when Alice reaches for the bowl, how likely is
it that they have autism?”. The response scale was
as follows: 1=Not at all Likely, 2 =Slightly Likely, 3
=Somewhat Likely, 4 =Moderately Likely, 5=Very
Likely, 6=Extremely Likely, 7= Absolutely Certain
(Appendix B). Participants were also invited to offer
a brief explanation for their response. The procedure
was exactly the same as Experiment 1.
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2.2.3 Design

Each participant received all four vignette pairs in a 4
Disorder (Autism, Language, Reading, Aging) x2
Symptom (Epistemic, Sensorimotor) x 2 Test (Behav-
ioural, Brain) within-subjects design. The order of
the vignettes was counterbalanced in a Latin square
design between subjects. In addition, the order of
appearance of the two tests within the vignette
(and the corresponding rating questions at the end)
was also counterbalanced, between subjects.

2.2.4 Results and discussion

a. Rating data. An inspection of the mean ratings
(Figure 4) suggests that overall, participants rated
the brain test higher than the behavioural test.
However, the preference for the brain test was stron-
ger for epistemic symptoms (A =.31) than for sensor-
imotor ones (A =.15).

We evaluated these results using a 4 Disorder (autism/
language/reading/aging) x2 Symptom (epistemic/
sensorimotor) x2 Test (brain/behavioural) ANOVA.
This analysis yielded a reliable main effect of Test (F
(1, 383)=16.21, p<.001, Npariat =-26), as the brain
test (M =4.26) was rated higher than the behavioural
test (M =4.03). The main effect of Symptom was non-
significant (F(1, 383)=2.82, p=.10). Critically, the
interaction of Symptom and Test was significant
(F(1,191) =4.22, p = .046, Njarial = -08).
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A Fisher’s LSD test showed that for epistemic symp-
toms, participants rated the brain test significantly
higher than the behavioural test (A=.31, t(47)=
3.51, p<.001, d=.36). In contrast, when the symp-
toms were sensorimotor, the preference for the
brain test was weaker (A =.15) and only marginally
significant (t(47) =1.97, p=.06, d =.20).

Returning to the ANOVA results, we also found a
significant effect of Disorder (F(3, 189)=26.08, p
<.001, r]f,ama| =.36); as the language vignettes (M =
3.09) were rated lower than all other vignettes
(autism (M =4.27; t(141)=3.36, p<.001, d=.34);
reading (M=4.68; t(141)=3.36, p<.001, d=.34);
aging (M=4.53; t(141) =3.36, p<.001, d =.34)). The
effect of Disorder did not further interact with
Symptom (F(3, 93)=2.13, p=.100), but the inter-
action of Disorder and Test was significant (F(3, 93)
=2.70, p =.05, Npartiat = -05). Tukey HSD showed that
the brain test was rated higher than behavioural
test only for the autism vignette (AMpain-behavioural
=.43; t(141)=3.36, p<.001, d=.49) but not for
Ianguage (AMprain-behavioural = -16; t(141) = .35, p=.73,
d=.05), aging (Dprain-behavioural = -06; t(141) <.01, 1%
=.10, d <.001) or reading (AMpyain-behavioural = -26; t
(141)=1.60, p=.11, d=.23). Critically, these effects
were not further modulated by symptom type, as
the three-way interaction was not significant (F(3,
45)=1.81, p=.15).

Summarizing, the rating results of Experiments 2
converge with those of Experiment 1 to suggest

N

Sensorimotor Symptoms

Behavioral Test

Figure 4. Preference for the brain and behavioural tests for epistemic and sensorimotor symptoms. (Error bars represent 95% confi-

dence intervals for the difference between the means).



that the preference for the brain test is stronger for
epistemic symptoms compared to sensorimotor
symptoms. This result is remarkable, as the test out-
comes were strictly matched, and participants in
this experiment were not required to compare the
two tests. Nonetheless, participants spontaneously
preferred the brain test to the behavioural test.

b. Written justification. We next turned to examine
participants’ written justifications of their rating
responses. An inspection of the mean proportion of
positive responses (see Table 2) suggested that par-
ticipants were most likely to offer positive comments
when the brain test was paired with epistemic
symptoms.

Table 2. Participants’ mean positive and negative comments on
the brain and behavioural tests.

Symptom
Comment type Epistemic Sensorimotor
Positive Test Brain 0.12 0.10
Behavioural 0.03 0.08
Negative Test Brain 0.08 0.09
Behavioural 0.22 0.22

A 2 Test x2 Symptom GLMM for the positive
responses yielded a reliable effect of Test (Wald x*=
8.20, p=.004, @ =.30) and a reliable Test x Symptom
interaction (Wald x*=3.96, p=.05, ¢@=.14); the
effect of Symptom was not significant (Wald x*=
1.603, p=.21). A follow up analysis found that the
brain test was associated with more positive com-
ments for epistemic symptoms (Wald x*=9.36, p
=.002, @=.478) but not for sensorimotor ones
(Wald x*=.51, p = .47). Thus, as in Experiment 1, par-
ticipants’ positive comments mirrored the rating
results. Not only did epistemic symptoms yield stron-
ger preference for the brain test in rating, but they
also elicited more positive comments for the brain-
(relative to the behavioural) test.

Also, in line with Experiment 1, in Experiment 2,
negative comments were overall infrequent. The 2
Test x2 Symptom GLMM only found a significant
effect of Test (Wald x*=25.114, p <.001, ¢ =.91), as
the brain test was less likely to elicit negative com-
ments relative to the behavioural test. The effects of
Symptom (Wald x*=.09, p=.77) and the interaction
(Wald x*=.09, p=.77) were not significant.
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¢. Explicit measures of Dualism. As in Experiment 1,
there was no evidence of Dualism in participants’ expli-
cit responses to the Dualism scales. For the “circle”
question, participants’ average score was 2.22 (on a
1-7 scale). Their response to the “questionnaire”(M =
2.82) was not significantly different from the scale’s
neutral midpoint (3- “Neither agree nor disagree”, t =
—1.03, p=.15, d = —.21). There were also no significant
correlations between the average difference in rating
between the brain or behavioural test and either the
circle (r(46) =.19, p=.20) or questionnaire (r(46) =.01,
p =.95) measure of explicit Dualism. Similarly, neither
measure correlated with the difference in rating
across epistemic (circle: r(46) =.07, p =.63; question-
naire: r(46) =.13, p=.39) or sensorimotor (circle: r(46)
=.24, p =.10; questionnaire: r(46) = —.11, p = .44) symp-
toms. These conclusions converge with past research
(Fernandez-Duque et al., 2015; Hook & Farah, 2013),
suggesting that the preference for the brain is not
due to explicit beliefs in Dualism. In what follows, we
examine whether this attitude could arise from an
implicit Dualist bias.

3. Part 2: Does the preference for the brain
test arise from an implicit Dualist dissonance?

Why do people prefer the brain test? We suggest that
this preference arises from an implicit Dualist disso-
nance between mind and the body. The dissonance
arises because people spontaneously attribute the
behaviour (changes to the body) of agents to their
mental states (see Figure 1). For example, upon
reading the “theory of mind” vignette, people might
presume that it is the patient’s beliefs about the pro-
tagonist that caused the patient to make a certain
response (e.g., to indicate where the protagonist
might look for the missing keys).

Per intuitive Dualism, mental states are immaterial,
distinct from the body. Per intuitive physics, however,
only material bodies can interact, so such effects of
the immaterial mind on matter are impossible. Conse-
quently, a Dualist dissonance ensues (see (1)). And
since epistemic states (e.g., theory of mind) are per-
ceived as particularly immaterial (more immaterial
than sensations and actions), the dissonance produced
by epistemic states is particularly acute (see (4)).

The brain test alleviates the dissonance by
suggesting that the cause of the patient’s behaviour
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effectively lies not in the realm of the ethereal mind
but rather in matter—in the body (see (2)), and for
this reason, people prefer to attribute behaviour to
brain- relative to behavioural causes (which do not
explicitly reference the body). Critically, since episte-
mic traits are expected to produce a stronger disso-
nance, they are expected to elicit a stronger
preference for the brain test compared to sensorimo-
tor traits (see (3)).

Summarizing, we assume that (a) epistemic traits
are perceived as less material than sensory traits;
and that (b) immaterial traits elicit a stronger disso-
nance, which in turn, is linked to a stronger prefer-
ence for the brain test. Experiments 3-4 test each of
these two predictions, in turn.

Experiment 3 tests whether participants view the
epistemic traits (corresponding to the symptoms
used in the previous experiments) to be less material
than the traits corresponding to sensorimotor symp-
toms. To assess materiality, we invite participants to
predict whether a given trait corresponds to a
specific brain region. We hypothesized that episte-
mic traits would be perceived as less material;
hence, they should be rated as less likely to be
instantiated in the brain (compared to sensorimotor
traits).

Experiment 4 evaluates the dissonance generated
by epistemic and sensorimotor traits. We hypoth-
esized that the less material the trait, the less likely
it should be to “show up” in the brain. Accordingly,
upon learning that a psychological trait can affect
the brain, participants should experience a mind-
body dissonance, and this dissonance, in turn,
should elicit surprise. The surprise response can thus
be used to gauge the underlying dissonance—its
putative cause.

To gauge the mind-body dissonance, Experiment
4 invited participants to indicate how surprising it is
that the traits in question would be localized in the
brain (i.e., the body). If the preference for the brain
is due to the Dualist dissonance, then paradoxically,
the less material the trait (i.e., the less likely it is to
be perceived as localized in the brain), the stronger
the expected preference for the brain test.

Both experiments also included the explicit
Dualism measures, discussed previously. In so doing,
we sought to contrast the putative effect of intuitive
tacit Dualism with that of participants’ explicit
beliefs in Dualism.

3.1 Experiment 3: The perceived materiality of
epistemic vs. sensorimotor traits

To evaluate the perceived materiality of epistemic
and sensorimotor traits, Experiment 3 asked partici-
pants to indicate how likely it is that the traits are
localized in the brain. We chose this measure
because laypeople typically identify brain instantia-
tion with a specific brain area—few people are
aware that cognition can be distributed across the
brain. Participants, here, were invited to advise a neu-
roscientist in selecting an appropriate topic for his
neuroimaging research. For this research to succeed,
the scientist ought to target traits that are likely to
be localized in a specific area in the brain. To help
the scientist choose the appropriate target for neuroi-
maging, participants were asked to indicate how
likely it is that any given trait corresponds to a
specific region in the brain. The traits in question cor-
responded to the four pairs of symptoms—epistemic
and sensorimotor—from previous experiments. If
epistemic traits are perceived to be relatively imma-
terial, then participants should consider them as less
likely to correspond to a specific region of the brain
relative to sensorimotor traits.

3.1.1 Participants
24 participants were recruited from the undergradu-
ate subject pool at Northeastern University to take
part in this experiment for course credit. The majority
reported no prior advanced level courses in psychol-
ogy (83%), neuroscience (96%), or biology (66%).
The sample size was determined based on a pilot
study of this experiment. An a-priori power analysis
(GPOWER, Erdfelder et al, 1996) showed that a
sample size of at least 6 participants would be required
to obtain the large effect size for the hypothesized main
effect of Trait (nf)ama| = .48) at a power of .8 and an alpha
level of .05. We thus set the sample size for N=24.

3.1.2 Materials and procedure

The experiment invited participants to advise a neuros-
cientist in planning a neuroimaging study. The scientist
seeks to determine which trait to image. This, partici-
pants are told, is a difficult question, as “it is unclear
whether all human traits are equally likely to activate
a specific region in the brain. While several human
traits have been associated with specific brain regions,
others simply don’t have a clear physical location in



the brain. If the scientist were to target one of the latter
traits, his experiment would yield no clear results”.
Against this backdrop, participants were asked to rate
each of the traits based on how likely it was to be associ-
ated with a specific brain region.

As in the previous experiments, the materials
included four pairs of vignettes, each pair featuring
an epistemic and a sensorimotor trait. These trait
pairs were the same as those used in the previous
set of vignettes, but they were presented as charac-
teristics of typical individuals (as the planned neuroi-
maging study concerned normal brain functioning).

Each vignette began by introducing a trait, fol-
lowed by a procedure designed to gauge whether a
given brain region is linked to that trait. The traits
and the procedures were similar to the symptoms in
previous experiments (e.g., theory of mind, for
autism, in Experiments 1-2). Finally, participants
were given a rationale explaining how brain acti-
vation in response to the procedure (e.g. brain
response in the true vs. false belief conditions) is
linked to the trait in question (e.g., theory of mind).

After each vignette, participants rated how likely it is
that there is a brain region that is mainly responsible
for the trait in question (1 = Not at all Likely, 2 = Slightly
Likely, 3 = Somewhat Likely, 4 = Moderately Likely, 5=
Very Likely, 6=Extremely Likely, 7=Absolutely
Certain). All vignettes are provided in Appendix C.

Participants were tested individually in our lab.
After signing informed written consent, each partici-
pant was seated at a computer and given the exper-
iment via a Qualtrics survey. Each vignette appeared
on a separate page, and participants could not
revisit previous vignettes. After all eight vignettes,
the participants answered demographic questions
about their education and responded to the explicit
Dualism questionnaires described in Experiment 1.

3.1.4 Design

Each participant received all four vignette pairs in a 4
Disorder (Autism, Language, Reading, Aging) x 2 Trait
(Epistemic, Sensorimotor) within-subjects design. The
order of the vignettes was counterbalanced in a Latin
square design between subjects.

3.1.5 Results and discussion

An inspection of the means suggested that epistemic
traits were rated as less likely to be localized in the
brain than sensorimotor traits (see Figure 5).
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These results were evaluated by a 4 Disorder
(autism/language/reading/aging) x2 Trait (episte-
mic/sensorimotor) repeated-measure ANOVA . The
significant main effect of Trait (F(1,95) =4.91, p =.04,
nf,ama| =.18) confirmed that the epistemic traits
were indeed considered as less likely to correspond
to a specific brain region than the sensorimotor traits.

There was also a significant main effect of Disorder
(F(3/45)=3.71, p=.02, NPartia = -14). A Tukey’s HSD test
indicated that the aging vignettes (M=4.73) were
rated significantly higher than autism vignettes (M =
3.77; 1(69) = 2.47, p=.02, d =.70). The Disorder x Trait
interaction was not significant (F(3,21) = 1.28, p =.29).

The finding that epistemic traits are considered as
less likely to be localized in the brain is in line with the
possibility that epistemic traits are relatively immater-
ial. One concern, however, is that the “brain localiz-
ation” may not necessarily reflect the perception of
traits as immaterial. Rather, participants might per-
ceive traits to be distributed over large brain net-
works, in line with modern neuroscience (Bressler &
Menon, 2010).

There are several reasons to believe this is unlikely.
First, most of our participants reported no advanced
knowledge of neuroscience. Second, if, guided by
state-of-the-art neuroscience, people should view
brain functions as distributed, then they should also
reject the localization of sensorimotor traits, not
specifically epistemic ones (Bressler & Menon, 2010).
Third, past research (with the same population)
found that judgments of brain localization converge
with body-replication—another test of materiality
(see also Forstmann & Burgmer, 2015). People con-
sidered epistemic traits as less likely to be targeted
by these body-affecting manipulations —both the
brain localization and body replication (Berent et al.,
in press). But when asked to evaluate the propensity
of the traits to persist in the afterlife (after the
demise of the body), epistemic traits were now con-
sidered as most likely to persist (Berent et al., in
press). This double dissociation demonstrates that
brain localization and body replication target the
same construct (the material body), as distinct from
the mind (in line with Dualism).

To put this concern to rest, in a partial replication of
Experiment 3, we asked another group of participants
(N = 24) to indicate whether the traits in question are
likely to activate the brain (without reference to any
specific localization; the vignettes were otherwise
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Figure 5. Difference in perceived materiality between epistemic and sensorimotor traits. (Error bars represent 95% confidence inter-

vals for the difference between the means).

identical to the ones in Experiment 3). The effect of
Trait was, once again, significant (F(1, 95)=4.16, p
=.05, néartia|:.15), irrespective of Disorder (for the
interaction: (F(3, 21) = 0.23, p =.86)). Moreover, a com-
parison of the original Experiment 3 and its replica-
tion (using a 2 Experimentx4 Disorderx2 Trait
ANOVA) yielded a reliable effect of Trait (F(1, 383) =
7.39, p=.01, néartia|=.24). The effect of Experiment
was not significant (F(1, 383)=1.01, p=.32) nor did
it interact with Trait (F(1, 191)=0.01, p=.91).

With all likelihood, then, brain localization is a valid
measure of perceived materiality, not “blobology” per
se. If so, the rating of epistemic traits as ones that are
less likely to be localized in the brain indicates they are
perceived as immaterial (relative to sensorimotor traits).

The Dualist dissonance account asserts that it is this
perceived immateriality that leads participants to prefer
brain-based diagnoses for epistemic symptoms (as out-
lined in Part 1). Briefly, we suggest that the effect of
such immaterial traits on behaviour (changes in the
material body) triggers a stronger dissonance, which
is alleviated by the brain test. We thus predict that
the traits perceived as least material should elicit the
strongest preference for the brain test. Paradoxically,
then, people should favour the brain diagnosis the
most for symptoms/traits that they consider least sus-
ceptible to neuroimaging (i.e,, for traits they consider
least likely to be localized in the brain).

To evaluate the predicted (directional) relationship
between the preference for the brain test and

putative materiality, we correlated the putative mate-
riality of the eight traits (as assessed by the mean
rating of their potential to be localized in the brain,
in Experiment 3) with the preference for the brain
test (the difference rating for the brain and behav-
ioural tests, in Experiment 2) using a directional
Spearman’s rho correlation . The correlation was
negative and significant (p = —.65, p = .04, one-tailed;
Figure 6).

While our results suggest that the preference for
the brain test is linked to participants’ implicit
Dualism (as gauged by their perception of material-
ity), we found no such association with the explicit
measures of Dualism. Participants’ average score on
the “circle” question was 2.0 on the 1-7 scale, and
their means on the “questionnaire” scale (M =2.82)
were not significantly different from the scale’s
“neutral” midpoint (3- “Neither agree nor disagree”,
t=-.95, p=.18, d=-.27). There was no significant
correlation between the average materiality rating
and either the circle (r(22) =.05, p =.80) or question-
naire (r(22)=.08, p=.71) measure of explicit
Dualism. Similarly, neither measure correlated with
materiality across epistemic (circle: r(22)=.08, p
=.71; questionnaire: r(22) =.09, p =.67) or sensorimo-
tor (circle: r(22)=.00, p=1.00; questionnaire: r(22)
=.03, p = .88) traits.

Summarizing, Experiment 3 showed that partici-
pants rate epistemic traits as less likely to be localized
in the brain, suggesting they are viewed as relatively

—
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Figure 6. Relationship between perceived materiality and magnitude of preference for brain tests.

immaterial. Moreover, as the putative materiality of a
trait decreased, there was an increase in the prefer-
ence for brain- over the behavioural test. The
Dualist dissonance account predicts that the per-
ceived immateriality of epistemic traits should
conflict with their capacity to affect behaviour (i.e.,
to effect change in the material body), and conse-
quently, a Dualist dissonance should ensue. Exper-
iment 4 tests for this dissonance and evaluates its
contribution for the preference for neuroscience.

3.2 Experiment 4: Can neuroscience elicit mind-
body dissonance?

To gauge the Dualist dissonance, we presented par-
ticipants with evidence that epistemic and sensorimo-
tor traits are, in fact, localized in the brain and asked
them to indicate their reaction. The “cover” story
invited participants to help a New York Times editor
choose “scoops” for the Science section. Newsworthy
stories, they were told, were ones that readers of the
papers will find surprising—ones that the general
public would find unexpected. Participants were pre-
sented with short descriptions of recent scientific dis-
coveries, indicating that various psychological traits—
epistemic or sensorimotor—are instantiated in the
brain. The traits were similar to the ones in previous
experiments. Participants rated their level at surprise
at the discovery that a trait is instantiated in the
brain. Surprise, in turn, was our gauge of the Dualist

dissonance—we expected stronger dissonance to
elicit higher surprise rating.

This measure, however, is limited inasmuch that the
participants (students taking an introductory Psychol-
ogy course) have learned that all psychological traits
are instantiated in the brain. Accordingly, these par-
ticipants are unlikely to consider any of these
findings truly unexpected. Our interest, then, was
not at the absolute level of awe but rather at the rela-
tive level of surprise in response to the various traits. In
particular, we asked (a) whether the level of surprise
would depend on the perceived the materiality of
the trait; and (b) whether surprise would further corre-
late with the preference for the brain test.

The Dualist dissonance account predicts that, upon
learning that traits perceived as disembodied can
affect behaviour (as these vignettes patently demon-
strate), participants should experience a Dualist disso-
nance, which, in turn, should promote their
preference for the brain test (see (3)-(4)).

We thus made two predictions. First, the prefer-
ence for the brain test is expected to be linked to
the level of dissonance. Accordingly, the stronger
the dissonance (i.e., surprise at the instantiation of a
trait in the brain), the stronger the preference for
the brain test. Second, dissonance is expected to
result from the perceived immateriality of the trait.
We thus expect that, the less material the trait, the
stronger the dissonance (i.e., surprise) associated
with its instantiation in the brain.
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3.2.1 Participants

48 participants were recruited from the under-
graduate subject pool at Northeastern University
to take part in this experiment for course credit.
The majority reported no prior advanced level
courses in psychology (81%), neuroscience (100%),
or biology (69%).

3.2.2 Materials and procedure

The experiment invited participants to help a
New York Times editor select a noteworthy story for
the Science section—one that “the general audience
would not have otherwise expected”.

As in the previous experiments, the materials
included four pairs of vignettes, each pair featuring
an epistemic and a sensorimotor trait; the traits
were the ones from previous experiments, except
that they were presented as characteristic of typical
individuals (as in Experiment 3).

Each vignette first introduced the trait, and
described a behavioural test used in its evaluation
in past research (similar to the methods described in
previous experiments). Participants were next pre-
sented with the current study, where the behavioural
test was shown to activate a specific brain region. Par-
ticipants were asked to rate (on a 1-7 scale) how sur-
prising the finding is (1 =Completely obvious, 2=
Obvious, 3 = Predictable, 4 = Unremarkable, 5 = Note-
worthy, 6 =Surprising, 7 = Extremely surprising). All
vignettes are included in Appendix D.

Participants were tested individually in our lab.
After signing informed written consent, each partici-
pant was seated at a computer and given the exper-
iment via a Qualtrics survey, featuring the vignettes
described above. Each vignette appeared on a separ-
ate page, and participants could not revisit previous
vignettes. After responding to all eight vignettes,
participants were presented with questions about
their demographic and education and given the
explicit Dualism questionnaires described in Exper-
iment 1.

3.2.4 Design

Each participant received all four vignette pairs in a 4
Disorder (Autism, Language, Reading, Aging) x 2 Trait
(Epistemic, Sensorimotor) within-subjects design. The
order of the vignettes was counterbalanced in a Latin
square design between subjects.

3.2.5 Results and discussion

Overall, participants were not very surprised to learn
that psychological traits are instantiated in the
brain. The mean “surprise” rating (M =3.88) did not
differ significantly from 4, which corresponds to the
scale’s “unremarkable” midpoint (t(47)=.81, p =.42).
Accordingly, the 4 Disorder x 2 Trait ANOVA did not
yield a significant main effect of Trait (F(1,191) =.85,
p =.36), nor did Trait interact with Disorder (F(3,45)
=2.08, p =.11). The only significant effect was of Dis-
order (F(3, 93)=6.15, p<.001, NZariai=-12), as the
mean rating of the aging vignettes (M = 3.33) was sig-
nificantly lower than for autism (4.17; t(141) =3.36, p
<.001, d =.57), reading (3.95; t(141)=2.32, p=.02, d
=.38), and language (4.08; t(141)=3.15, p=.002, d
=.54) vignettes.

Although participants showed little surprise to
learn that psychological traits are instantiated in the
brain, it is still possible that the level of surprise
would vary across individual traits, and it would be
associated with the preference for the brain test. To
evaluate this possibility, we correlated the surprise
rating for each trait with the preference for the
brain test for that trait (gauged by the difference
between mean rating for the brain and behavioural
test in Experiment 2) using a Spearman’s rho corre-
lation. The correlation between surprise and the pre-
ference for the brain test was strong, significant, and
positive (p=.78, p=.023; Figure 7). As participants
were more surprised to learn that a trait is instantiated
in the brain, they paradoxically preferred the brain as
a diagnostic method for the trait in question.

The significant association between surprise (a
gauge of their putative dissonance) and the prefer-
ence for the brain test is in line with the hypothesis
that the preference for the brain test is due to a dis-
sonance, generated by epistemic traits. To further
determine whether the dissonance is linked to tacit
Dualist beliefs about the materiality of body and
mind, we next examined the association between
the surprise rating of each trait (a measure of disso-
nance) and its perceived materiality rating (in Exper-
iment 3). The correlation was significant and
negative (p = —.71, p =.05; Figure 8). Thus, as partici-
pants were less likely to perceive a trait as material,
they were more surprised to learn that is instantiated
in the brain.

Summarizing, participants in Experiment 4 were
not particularly surprised to learn that epistemic
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Figure 7. Relationship between reported dissonance and magnitude of preference for brain tests, for the eight traits used in this set of

experiments.

traits are instantiated in the brain, possibly, because,
as psychology students, they were well aware of the
findings from cognitive neuroscience. Nonetheless,
we did find a significant correlation between disso-
nance and the preference for the brain test (in Exper-
iment 2). Thus, the more surprised participants were
to discover that a given trait is instantiated in the
brain, the more likely they were to prefer a brain-
based diagnostic test for the trait in question.
Additionally, dissonance (as gauged by surprise) also
correlated with materiality ratings (in Experiment 3):
the less material the trait, the stronger the dissonance.

The first finding— the positive association
between the perceived materiality of a trait and
the surprise at its neural instantiation—is rather
expected. If a trait is unlikely to correspond to a
brain region, then it would be surprising indeed if
the traits were detected by an imaging study. In con-
trast, the negative association between the prefer-
ence for the brain test and surprise is utterly
paradoxical. We see no reason to prefer a brain test
for traits that are unlikely to be localized in the
brain. While this paradoxical association is striking,
it is entirely predicted by the logic of Dualist
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Figure 8. Relationship between reported dissonance and perceived materiality, for the eight traits used in this set of experiments.
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intuition. Since immaterial psychological traits are a
source of dissonance, it would be rational to seek
to alleviate the dissonance by seeking to anchor
the trait in the material brain. Thus, implicit
Dualism offers an explanation for the paradoxical
preference for a brain test for traits perceived to be
difficult to image as well as for their overall prefer-
ence for brain causes of behaviour.

As in previous experiments, we found no evidence
that the preference for the brain test is explained by
explicit beliefs in Dualism. For the “circle” scale, par-
ticipants’ average score was 1.85, and their “ques-
tionnaire” means were not significantly different
from 3 (Neither agree nor disagree), the midpoint
of that scale (M=2.87, t=-.09, p=.19, d=-.02).
There was no significant correlation between the
average dissonance rating and either the circle (r
(46) = —.02, p=.92) or questionnaire (r(46) =—.08, p
=.61) measure of explicit Dualism. Similarly, neither
measure correlated with dissonance across episte-
mic (circle: r(46) =.05, p =.74; questionnaire: r(46)
=.02, p=.90) or sensorimotor (circle: r(46) = —.08, p
=.60; questionnaire: r(46)=-.16, p=.28) traits.
Altogether, then, our results offer no evidence that
the preference for the brain is linked to explicit
Dualist beliefs about body and mind. In contrast,
our results suggest that the brain preference could
be linked to perceived dissonance, prompted by
implicit beliefs in Dualism.

4. General discussion

This research was designed to evaluate a novel expla-
nation for the Seductive Allure of Neuroscience (SAN).
Past research has shown that people exhibit a para-
doxical preference for brain explanations, even
when these explanations are, in fact, circular (e.g.,
Weisberg et al., 2008). Here, we explore the possibility
that the SAN effect arises from a Dualist dissonance
(Berent, 2020).

This account assumes that laypeople are tacit Dual-
ists—they perceive the mind as immaterial, distinct
from the material body (Bloom, 2004). Everyday
behaviour, however, shows that agents can control
their behaviour—they command changes in their
physical body. And per intuitive theory of mind,
people ascribe this control to agent’s (immaterial)
mind (e.g. their beliefs and goals). Per intuitive
physics, however, only material objects can interact.

Laypeople thus struggle to understand how the
immaterial mind can affect behaviour (changes to
the material body, such as moving one’s arm); a
mind-body dissonance thus ensues. Neuroscience
information alleviates the dissonance by suggesting
that behaviour is caused by the (material) brain.
Since causation is now strictly material (brain —>
behaviour), brain causes are preferred. Thus, the
SAN effect arises from tacit Dualism.

The dissonance account generates two unique pre-
dictions. First, since Dualist dissonance (the cause of
the SAN preference) arises from the tendency to attri-
bute behaviour to mentalistic causes, and since (per
theory of mind), people presume these mentalistic
causes spontaneously, even when they are not
engaged in explicit explanation, we expect the disso-
nance, and thus the preference for neuroscience, to
arise in causal reasoning about behaviour (as
opposed to solely in the context of explaining it).
The seductive allure, then, is of neuroscience, gener-
ally, not of neuroscience explanations, narrowly.

Second, we predict that the strength of the SAN
effect should depend on the strength of the disso-
nance. The dissonance, in turn, should depend on
the perceived materiality of the psychological traits
in question. Psychological traits that are perceived
as devoid of material instantiation in the body
should engender a larger dissonance, hence, a stron-
ger preference for brain-based explanations. Given
that past research has shown that traits which
invoke epistemic states (e.g., knowledge that
“objects are cohesive”) are perceived as less material
than sensorimotor traits (e.g., grasping with one’s
hands; Berent et al., in press), we thus predicted
that epistemic traits should generate a larger disso-
nance, hence, a stronger SAN effect.

Experiments 1-2 examined whether the preference
for brain-based tests would be stronger for epistemic
traits relative to sensorimotor ones. Experiments 3-4
investigated whether the preference for the brain
test corresponds to the perceived materiality of the
trait and the strength of mind-body dissonance.
The results were largely consistent with the Dualist
dissonance hypothesis.

To examine the SAN in causal reasoning, in Exper-
iments 1-2, we invited participants to compare brain-
and behavioural tests of a clinical condition (e.g.,
autism). Since the two tests were strictly matched
for their informative value, a preference for the



brain test would suggest a seductive allure of neuro-
science. These two tests, in turn, were applied to two
types of clinical conditions, affecting either epistemic
(e.g., a theory of mind deficit) or sensorimotor (e.g.,
auditory hypersensitivity) traits.

We reasoned that, if people prefer to attribute
behaviour to brain causes (possibly, because such
causal chains are better formed, see (2)), then they
should consider scenarios that are linked to brain
causes as more plausible. Thus, when participants
are told that a patient suffers from a disorder, they
should be more likely to choose a brain- (over a
behavioural) diagnostic test for the disorder (in Exper-
iment 1). Similarly, they should rate the brain test as a
better diagnostic for that condition relative to a
behavioural test (in Experiment 2).

Results from the two experiments converged. In
both cases, the rating results showed a larger prefer-
ence for the brain test for epistemic- relative to sen-
sorimotor symptoms. Additionally, participants were
more likely to positively comment on the brain- (rela-
tive to the behavioural test) when the brain test was
paired with epistemic symptoms. The generality of
this preference across procedures, irrespective of
whether participants contrasted the two tests expli-
citly (in Experiment 1) or implicitly (in Experiment 2),
demonstrates that the SAN preference is robust, and
it emerges spontaneously.

Experiments 3-4 further suggest that this prefer-
ence arises from a Dualist dissonance, prompted by
the perceived instantiation of psychological traits in
the material body. Experiment 3 evaluated the per-
ceived materiality of epistemic and sensorimotor
traits. To this end, we invited participants to judge
whether the traits in question are localized in the
brain. Results showed that epistemic traits are per-
ceived as less material (i.e., less likely to be localized
in the brain) relative to sensorimotor traits. Moreover,
this putative materiality of a trait correlated nega-
tively with the preference for the brain test, in Exper-
iment 2.

Experiment 4 evaluated whether epistemic traits
are associated with a stronger mind-body disso-
nance. Here, participants indicated how surprising it
is that a given trait activates the brain; we considered
this surprise as the putative dissonance. Given that
our participants—college students in Introduction to
Psychology—are well aware that all psychological
traits affect the brain, we did not expect these
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participants to be overtly surprised by such findings,
and indeed, they were not. Still, the level of surprise
(i.e., dissonance) was negatively associated with the
perceived materiality of the trait and it was positively
associated with the strength of the SAN effect (i.e., the
preference for the brain- relative to the behavioural
test, in Experiment 2). This latter association is para-
doxical: the less likely were people to perceive a
trait as neutrally instantiated, the stronger was their
preference for a brain test. In other words, people
considered a brain test most appropriate for the
traits they considered least likely to “show up” in
the brain. This result makes it clear that the SAN pre-
ference is based on intuitive, rather than deliberate
reasoning . Indeed, while our findings offer various
indications that the SAN effect depends on a tacit
mind-body dissonance, none of our results were
modulated by explicit beliefs in Dualism.

Our results offer several contributions to the SAN
literature. First, we have demonstrated that the SAN
bias arises in causal reasoning implicitly and spon-
taneously, even when the task does not explicitly
ask participants to evaluate the soundness of an
explanation (as in Weisberg et al., 2008). Second,
our findings are the first to show that the strength
of the SAN effect varies for epistemic and sensorimo-
tor traits based on their perceived materiality: episte-
mic (i.e., relatively immaterial) traits show a stronger
SAN effect than the (more material) sensorimotor
characteristics. Third, the preference for the brain
test emerged even when brain and behavioural
tests were strictly matched for their informative
value. In particular, unlike in previous research (Fer-
nandez-Duque et al, 2015; Hopkins et al, 2016;
Rhodes et al., 2014; Weisberg et al., 2008; Weisberg
et al., 2015), brain tests in the present investigation
could not have possibly offered additional infor-
mation (e.g., the localization of a brain function)
over the behavioural test, as the test only showed
whether or not the manipulation of interest activated
the brain. As such, our results confirm that SAN is an
implicit bias.

Our results converge with the past findings of Fer-
nandez-Duque et al. (2015) and Hook and Farah
(2013) to suggest that SAN is unaffected by explicit
beliefs in Dualism. Remarkably, in our experiments,
the explicit and implicit beliefs in Dualism dissociate.
While we found no evidence that the SAN effect
depends on explicit beliefs in Dualism, our results
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offer multiple indications that link the SAN effect to a
tacit Dualist bias. To the best of our knowledge, our
results are the first to link the SAN bias to tacit
Dualism.

In addition, our results contribute to the literature
on core knowledge and its effects on scientific
reasoning. Previous research has shown that
human infants possess core knowledge of the phys-
ical and social worlds (Spelke & Kinzler, 2007) that
shapes science understanding in adulthood, even
in individuals who have received formal training
(Shtulman, 2015). For example, Mccloskey (1983)
found that high school and college students incor-
rectly expect that a ball whirled on a string which
is cut loose will follow a curved trajectory, due to
the core principle of Continuity (Spelke, 1994). The
account presented here has shown how these prin-
ciples could further pair with intuitive Dualism to
elicit the SAN effect.

Finally, our present results converge with ongoing
research, showing how intuitive Dualism and Essenti-
alism can combine to systematically bias our intuitive
understanding of the mind (Berent, 2020; Berent et al.,
2019; Berent et al., 2020; Berent et al., in press; Berent
& Platt, 2021; Berent & Platt, 2021). These results call
for caution in the evaluation of cognitive and neuro-
science explanations of behaviour by laypeople and
scientists alike. We hope that by identifying these
biases, these findings could help promote science
literacy.
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Notes

1. How these two early systems of core knowledge—about
intuitive physics and the minds of others— relate to
intuitive Dualism is unknown. One possibility is that
Dualism is simply the conjunction of these two core
knowledge systems. Another possibility is that the
Dualist bias is distinct from these early systems. To err
on side of caution, here, we adopt the latter hypothesis;
we thus discuss Dualism as distinct from these two core
knowledge systems. But we note the possibility that
they could indeed be one and the same.

2. In the account outlined here, brain causes of behavior
are preferred because they replace the mentalistic
causes, supplied to us by theory of mind. But it is poss-
ible that the original mentalistic causation is not entirely

eliminated but only demoted; the brain-cause is pre-
ferred because it is now the more immediate (efficient)
cause of behavior. Our present results do not allow us
to adjudicate between these possibilities. We are
indebted to an anonymous reviewer who pointed the
second possibility to us.
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