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Abstract
People commonly think of the mind and the brain as distinct entities that interact, a view known as
dualism. At the same time, the public widely acknowledges that science attributes all mental phenomena to the workings of a material brain, a view at odds with dualism. How do people reconcile these
conflicting perspectives? We propose that people distort claims about the brain from the wider culture
to fit their dualist belief that minds and brains are distinct, interacting entities: Exposure to cultural discourse about the brain as the physical basis for the mind prompts people to posit that mind–brain interactions are asymmetric, such that the brain is able to affect the mind more than vice versa. We term this
hybrid intuitive theory neurodualism. Five studies involving both thought experiments and naturalistic
scenarios provided evidence of neurodualism among laypeople and, to some extent, even practicing
psychotherapists. For example, lay participants reported that “a change in a person’s brain” is accompanied by “a change in the person’s mind” more often than vice versa. Similarly, when asked to imagine
that “future scientists were able to alter exactly 25% of a person’s brain,” participants reported larger
corresponding changes in the person’s mind than in the opposite direction. Participants also showed a
similarly asymmetric pattern favoring the brain over the mind in naturalistic scenarios. By uncovering
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people’s intuitive theories of the mind–brain relation, the results provide insights into societal phenomena such as the allure of neuroscience and common misperceptions of mental health treatments.
Keywords: Causality; Intuitive theories; Mental disorders; Mind–body dualism; Reasoning

1. Neurodualism: People assume that the brain affects the mind more than the mind
affects the brain
Mind–body dualism refers to the view that the mental and the physical both exist and that
neither can be assimilated to the other (for a philosophical review, see Robinson, 2017). A
common claim among cognitive theorists is that humans are intuitive dualists, perceiving the
mind and the body as distinct from each other (e.g., Bloom, 2004). While philosophers discern
among several different dualist positions, lay intuitions are typically thought to consist of a
pair of simple tenets: that the brain is somehow different from the mind and that the two can
interact with each other. Churchland (2013) refers to this view as popular dualism:
This is the theory that a person is literally ‘a ghost in a machine’, where the machine is
the human body, and the ghost is a spiritual substance, quite unlike physical matter in
its internal constitution, but fully possessed of spatial properties even so. In particular,
minds are commonly held to be inside the bodies they control: inside the head, on most
views, in intimate contact with the brain. (p. 15)
Dualistic beliefs of this sort seem common among laypeople: A survey of 160 American
undergraduate students found that 50% agreed with the statement that the mind is a special
form of energy that is currently unknown to science but that is in contact with the brain, and
49% of participants also subscribed to the popular dualist view that the mind interacts with
the brain to determine behavior (Stanovich, 1989). An even higher proportion of Americans,
75–85%, believe in life after the death of the material body (Greeley & Hout, 1999), a belief
that entails dualism. Surveys in European countries have found similar levels of endorsement
of popular dualism (e.g., more than 60% of the Belgian and Scottish participants queried
disagreed with the claim that the mind is fundamentally physical; Demertzi et al., 2009),
but—notably—popular dualism is not restricted to industrialized, Western nations (Bering,
2006; Chudek, McNamara, Birch, Bloom, & Henrich, 2018). For example, a recent study
conducted in the United States, Ghana, Thailand, China, and Vanuatu found that the mind–
body distinction was common across these cultures and emerged in childhood (Weisman et al.,
in press). While these findings stop short of demonstrating that popular dualism is a universal
human tendency, they nevertheless point to its prevalence across a range of cultures (see also
Chudek et al., 2018; Hodge, 2008; Slingerland & Chudek, 2011).
While dualistic beliefs may be common, it is hardly a secret from the general public that
scientific knowledge attributes mental phenomena to the workings of a material brain. How,
then, do people reconcile these two discrepant views—the intuition of the mind and the body
as separate entities on the one hand, and of the brain as the material organ that enables the
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mind on the other hand? Apart from the general recognition that people tend to be intuitive
(popular) dualists, surprisingly little is known about how people resolve this tension.
To make sense of the world, people rely on intuitive theories—abstract domain-specific
cognitive structures that guide explanations and predictions (Ahn, 1998; Gerstenberg &
Tenenbaum, 2017; Gopnik & Wellman, 1992). A better understanding of lay intuitive theories about the mind and the brain is important not only for insights into human cognition,
but also because intuitive theories contain causal beliefs, and causal beliefs affect behavior.
Dualistic biases about the mind and the body have been shown to affect, for example, healthrelated behaviors (Forstmann, Burgmer, & Mussweiler, 2012), expectations of mental-health
treatment outcomes (Ahn, Kim, & Lebowitz, 2017; Deacon & Baird, 2009; Kemp, Lickel,
& Deacon, 2014; Lebowitz & Ahn, 2015), mental illness stigma (Haslam & Kvaale, 2015),
the clinical judgments of mental health professionals (Miresco & Kirmayer, 2006), and, some
authors argue, implicitly even ways in which entire societal institutions, such as health care
and the criminal justice system, are structured (Greene, 2011). Both laypeople and mental
health professionals believe, for example, that a biological treatment is more effective for
mental health problems with a biological basis, a belief that encourages increased use of
psychiatric drugs and decreased utilization of psychotherapy as the neuroscience of mental
disorders progresses (Ahn, Proctor, & Flanagan, 2009; Ahn et al., 2017). A better understanding of intuitive theories about the mind and the brain can thus shed new light on consequential
decisions and behaviors.
In this paper, we propose that people tend to (1) view the mind and the brain as distinct,
interacting entities, a notion consistent with dualism, but also (2) extrapolate the notion that
the brain is the biological source of the mind—a notion incompatible with popular dualism—
into a belief that the brain is more likely to affect the mind than the mind is to affect the brain.
We will first briefly review the cognitive literature motivating this proposal and then present
evidence from five studies testing it.
1.1. How do people think about minds and brains?
Our goal here is to identify and test the intuitive mind–brain theory that emerges from our
ingrained dualist tendencies on the one hand and from the nondualist assumptions acquired
through education, media, and exposure to the broader culture on the other hand. In this
section, we briefly review evidence for popular dualism in reasoning about the mind and the
brain/body, as well as for the other beliefs that—we argue—complicate simple dualism.
Mind–body dualism emerges early in development (Bloom, 2004; Wellman & Johnson,
2008; Weisman et al., in press). Children use different cognitive frameworks to think about the
biological and the psychological (Bloom, 2007; Wellman & Gelman, 1992)—foundational
knowledge systems that shape children’s causal attributions and perceptions of causal forces
involving minds and brains (Carey, 1985; Inagaki & Hatano, 1993). Dualistic biases shape
reasoning among adults as well (Ahn et al., 2009; Forstmann et al., 2012; Miresco & Kirmayer, 2006; Proctor, 2008). Forstmann and Burgmer (2015), for example, showed that adults
believe that a living creature would retain a greater number of physical than mental properties
if they were physically duplicated, consistent with the notion that people are intuitive dualists
(see also Horne & Cimpian, 2019).
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Dualistic intuitions are ingrained in human thought also in the sense that education often
does not eradicate them. For example, trained mental health professionals perceive the
biological and psychological domains as surprisingly separate, despite scientific evidence
suggesting that this view is not accurate (Ahn et al., 2009). In the words of Miresco and
Kirmayer (2006), “mental health professionals continue to employ a mind–brain dichotomy
when reasoning about clinical cases” (p. 913). Even neuroscientists commonly discuss the
mind and the brain in ways that arguably reveal underlying dualistic beliefs (Mudrik & Maoz,
2014), suggesting that such intuitions are deep-seated.
Although dualistic intuitions are prevalent, people hardly perceive the brain as irrelevant for
behavior. The scientific community widely endorses and communicates the view that everything in the world is fundamentally material or physical, a view known as materialism or
physicalism.1 The general population is increasingly confronted with the view of the physical
brain as the seat of all cognition, emotion, and behavior—a notion also widely reflected in
popular culture (e.g., Beck, 2010). As Greene (2011, p. 265) puts it, “These days, even the
most ardent dualists recognize that we have brains and that our brains must do something.”
Consistent with this claim, the majority of respondents in a survey of more than 1800 Belgian adults agreed with the statement that the mind is not separable from the brain (Demertzi
et al., 2009), a statement at odds with dualism by definition (see also Stanovich, 1989). In
light of these considerations, one may wonder whether lay theories of the mind and the brain
are adequately described by the tenets of popular dualism (Churchland, 2013).
How, then, do people actually reason about what happens in the mind and in the brain?
How do people reconcile the two conflicting beliefs—the dualistic intuition that the mind and
the brain are separate on the one hand, and the notion of the brain enabling, or even being
identical to, the mind on the other hand?
1.2. Neurodualism: A proposed intuitive theory of mind–brain interactions
The claim that everything in the world is fundamentally physical contradicts the entrenched
dualist belief that the brain and the mind are distinct: Intuitively, our thoughts and desires do
not seem physical to us. Thus, physicalism needs to be altered before it can be incorporated
into intuitive theories of minds and brains. Rather than adopting physicalism per se, people distort scientific discourse about the brain into a simpler belief: namely, that the brain is
particularly important for how our minds work. This belief—unlike the original physicalist
claim—can be incorporated into intuitive theories of minds and brains because popular dualism already allows that the brain and the mind, although distinct, can interact with each other.
There are numerous situations in everyday life that reinforce this simpler belief by reminding us of how important the brain is for our mental lives. For example, drinking alcohol or
coffee produces well-known psychological effects by intervening on brain function. Some of
us are also forced to bear witness to how a traumatic brain injury or a progressive brain disease can incapacitate a loved one’s mental faculties. Intuitively, it is easier to interpret such
instances as examples of the brain affecting the mind rather than as evidence of everything
in the world being fundamentally physical. In fact, this notion that the brain affects—but is
distinct from—the mind is so intuitive and so common that even neuroscientists sometimes
let it slip into their work. That is, neuroscientists sometimes refer to the brain and the mind
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as if they were two separate agents with, for example, brain activity temporally preceding the
corresponding mental states (Mudrik & Maoz, 2014).
In contrast to the everyday examples which intuitively suggest to us that the brain affects
our mental lives, we rarely encounter situations that can be interpreted as evidence of our
mental lives affecting our physical brains: We never see our thoughts, intentions, or emotions manifested in our brains. Only very recently has the lay public been exposed to brain
imaging studies in the popular media, but these studies are far removed from everyday experience. For these reasons, people may be reluctant to believe that our mental lives could affect
our physical brains as much as our brains affect our minds. Princess Elisabeth of Bohemia
expressed this reluctance elegantly in her famous 1643 letter to Descartes, in which she asked
the philosopher to explain “how the mind of a human being can determine the bodily spirits (i.e., the fluids in the nerves, muscles, etc.) in producing voluntary actions, being only a
thinking substance” (quoted in Kim, 2010, p. 243). Conceivably, this same difficulty could
bias our contemporaries’ intuitions in favor of seeing the brain as a more powerful causal
agent relative to the mind.
To summarize, we propose the following: Intuitive theories of minds and brains incorporate
from broader scientific discourse a distorted form of the notion that the brain is the physical
seat of all mental life: namely, that the brain generally has more power over the mind than the
mind does over the brain. In this way, intuitive theories can retain the core dualist belief that
the mind and the brain are distinct, but the physicalist claim about the brain as the physical
basis for all events in the mind can also be accommodated—in this distorted form. The end
result is a hybrid intuitive theory of the mind–brain relation which posits that (1) the brain
and the mind are distinct and interacting (the tenets of popular dualism) but also that (2)
mind–brain interactions have an asymmetric character, such that the brain is able to affect the
mind more than the mind is able to affect the brain. We term this proposed intuitive theory
neurodualism to highlight the assumed causal asymmetry favoring the brain.
Such an intuitive theory for reasoning about minds and brains has, to our knowledge, been
neither previously proposed nor empirically investigated. However, the developmental literature is consistent with the notion of a hybrid intuitive theory, broadly conceived: Children
learn to incorporate physicalist notions into their beliefs already at an early age, but they do
so without surrendering their more fundamentally dualistic worldviews. For example, by first
grade, children learn that a person needs a brain for thinking (Johnson & Wellman, 1982),
but they do not believe that all their mental activity is dependent on the brain (Bloom, 2004;
Lillard, 1996). Although our proposal is different in important respects, it makes the similar
claim that some aspects of dualism are retained even as physicalist (or physicalism-inspired)
beliefs are acquired.
1.3. The present research
Across five experiments, we tested whether laypeople’s and mental health professionals’
intuitions about the effects of changes in the mind and in the brain are consistent with
neurodualism. We used a variety of question types to triangulate on participants’ intuitive
beliefs about the mind and the brain, including (1) abstract thought experiments that asked
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directly about the effects of changes in the mind and the brain, and (2) concrete naturalistic
scenarios that embedded the questions about changes in the mind and the brain in the
context of ostensibly real-life individuals undergoing psychotherapy or taking psychiatric
medications. These two types of tasks have complementary strengths and weaknesses. On
the one hand, abstract thought experiments are less likely to activate extraneous beliefs about
real-life details and may thus provide a cleaner measure of people’s intuitive theories. In
our studies, we asked participants to imagine that future scientists were able to alter the
mind and the brain directly, and asked how these alterations would affect the other. On the
other hand, the greater detail in naturalistic scenarios makes them more ecologically valid,
and thus arguably better at capturing how people reason in real-life contexts. To manipulate
mind-versus-brain interventions in naturalistic scenarios, we asked participants to consider
individuals who suffer from various problems and then undergo interventions with which
most laypeople are reasonably familiar: psychotherapy (i.e., intervening on the mind; Studies
1–5) or psychiatric medications (i.e., intervening on the brain; Studies 3–5).2
In Studies 1–4, we investigated these intuitive beliefs in lay participants. Study 5 extended
the focus from lay participants to licensed psychotherapists in the United States. All studies
were approved by the ethics board of the institution in which the research was carried out.
Thus, Studies 1–4 were approved by New York University’s Institutional Review Board and
Study 5 by the Yale University Institutional Review Board.

2. Study 1: The locus-of-change and hypothetical-alterations tasks
In Study 1, we began by asking participants (1) whether they believed psychotherapy, a
real-life intervention acting on the mind, has a greater effect on the mind or on the brain, and
(2) how much they believed hypothetical interventions directly altering the mind or the brain
would affect the other.
Different patterns of results are predicted depending on how participants reason about the
mind and the brain. We go on to contrast the predictions that follow from (1) popular dualism, folk versions of (2) reductive and (3) nonreductive physicalism, and (4) neurodualism. If
participants endorse popular dualism, they will have no reason to weigh the causal power of
the brain differently from that of the mind. The same can be said if participants endorse a folk
version of physicalism. For instance, if participants endorse a strict, reductive form of physicalism such as identity theory (Smart, 1959), which assumes that mental events are identical
to brain events, then they should think it is impossible to intervene on mental events and not
intervene on brain events equally.3 If intervening on the mind has any effects at all on psychological processes, these effects must be ones that affect brain processes to an equal extent.
As yet another possibility, participants could use a more flexible, nonreductive form of physicalism, such as supervenience (Kim, 1998), as a basis for their intuitions. Supervenience is
compatible with asymmetric relations between brains and minds: For example, if two people
have different brain states at one point in time, they may or may not have different (supervening) mental states. Supervenience, however, does not allow changes in mental states that
are not also changes in brain states. Therefore, if the starting point for lay intuitive theories
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is something like supervenience, participants should be more likely to accept the possibility
of changes in brain states not resulting in changes in mental states than vice versa—the exact
opposite of the prediction from neurodualism. Finally, if participants adopt a neurodualist
intuitive theory, they should be less likely to report that a change in the mind results in a
change in the brain than the other way around. This prediction is unique to neurodualism—it
does not follow either from popular dualism or from various forms of physicalism, including
identity theory and supervenience.
Study 1 tested this prediction in three different ways, using different wordings. Arguably,
the simplest and most intuitive way to ask participants about changes in the mind and brain
is to do exactly that. In Study 1A, we therefore asked about changes “in the mind” and “in
the brain.” A potential concern about this wording, however, is that participants might interpret these questions in ways other than we intended. For example, when asked whether psychotherapy “changes the brain,” participants may think, understandably, that psychotherapy
will not fundamentally alter the brain’s gross anatomical structure. We, therefore, included
two additional conditions using terminology that refers clearly to transient and malleable
events that cannot be confused with gross anatomical brain structures. In Study 1B, we asked
participants about changes in “brain processes” versus “mental processes,” and in Study 1C,
about changes in “brain states” versus “mental states.” If participants respond in a consistent way across Studies 1A–1C despite the changes in terminology, the results will provide
stronger evidence about the underlying intuitive beliefs than if the findings hinge on a particular wording or interpretation.
2.1. Method
2.1.1. Participants
Participants were recruited online through Amazon’s Mechanical Turk (MTurk) platform
and paid $0.50 for participating. Only MTurk workers within the United States were allowed
to participate. All participants gave informed consent online before starting the survey. Workers who participated in one of the three studies were blocked from participating in the others.
We recruited a total of 177 participants (68 females, 95 males, 14 chose not to disclose their
gender identity; mean age = 34.2 years; age range = 21–75 years; modal education = 4-year
college degree). Of these, 46 participants were excluded for failing an attention check (see
Materials and Procedure). After exclusions, the sample sizes were 43, 43, and 45 for Studies
1A, 1B, and 1C (48.8%, 53.5%, and 60.0% male), respectively. A sensitivity power analysis (power = 80%, α = .05, two-tailed tests) suggested that these studies were adequately
powered to detect a within-subject effect as small as Cohen’s dz = 0.44.
2.1.2. Materials and procedure
We included two measures of participants’ intuitive theories of mind–brain interactions.
Table 1 includes a summary of the measures used across Studies 1–5.
2.1.2.1. Locus of change in response to psychotherapy. To investigate the perceived
effects of a psychological intervention, we asked participants to imagine different scenarios
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Table 1
The measures used in Studies 1–5, with sample items
Sample Items
Task

Studies

Locus of
change

1

Intervention on the brain

Intervention on the mind

A person has difficulties in their personal
life. They take medication for 3
months and completely overcome their
difficulties. How much of a change
would this treatment cause in the
person’s mind? And how much of a
change would this treatment cause in
the person’s brain?
Terry is a 28-year-old woman who is
seeking treatment because she has felt
deeply sad for the past 4 weeks. She
reports that she has lost interest in
activities that normally bring her
pleasure, such as cooking and going to
movies. She states that ever since the
current period of sadness began, she
has had difficulty with her memory
and concentration. She has canceled
plans with friends several times
because she felt too tired to go out. She
reports that her outlook on life has
become quite pessimistic; she
describes feeling hopeless about the
future and perceiving herself to be
totally worthless. She has reportedly
experienced similar symptoms (a low
mood that lasted several weeks) on
three previous occasions in her life.
Terry takes medication for 12 months

A person has difficulties in their personal
life. They see a therapist for 3 months.
Would this treatment cause a greater
change in the person’s [mind; Study
1A] [mental processes; Study 1B]
[mental states; Study 1C] or in their
[brain; Study 1A] [brain processes;
Study 1B] [brain states; Study 1C]?
A person has difficulties in their personal
life. They see a therapist for 3 months.
How much of a change would this
treatment cause in the person’s mind?
And how much of a change would this
treatment cause in the person’s brain?
A person has difficulties in their personal
life. They see a therapist for 3
months and completely overcome
their difficulties. How much of a
change would this treatment cause in
the person’s mind? And how much of
a change would this treatment cause in
the person’s brain?
Terry is a 28-year-old woman who is
seeking treatment because she has felt
deeply sad for the past 4 weeks. She
reports that she has lost interest in
activities that normally bring her
pleasure, such as cooking and going to
movies. She states that ever since the
current period of sadness began, she
has had difficulty with her memory
and concentration. She has canceled
plans with friends several times
because she felt too tired to go out.
She reports that her outlook on life
has become quite pessimistic; she
describes feeling hopeless about the
future and perceiving herself to be
totally worthless. She has reportedly
experienced similar symptoms (a low
mood that lasted several weeks) on
three previous occasions in her life.
Terry sees a therapist for 12 months

2

3

4–5

(Continued)
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Table 1
Continued
Sample Items
Task

Studies

Hypothetical
alterations

1–5

Changes
in the
abstract

3–5

Intervention on the brain

Intervention on the mind

and her symptoms are now under
control. How much of a change did
this treatment cause in Terry’s mental
processes? And how much of a change
did this treatment cause in Terry’s
brain processes?
Imagine that future scientists were able to
alter exactly 25% of a person’s [brain;
Studies 1A, 2–5] [brain processes;
Study 1B] [brain states; Study 1C].
How much of a change would this
cause in their [mind; Studies 1A, 2–5]
[mental processes; Study 1B] [mental
states; Study 1C]?
When there is a change in a person’s
brain, how often would you say there
is also a change in the person’s mind?

and her symptoms are now under
control. How much of a change did
this treatment cause in Terry’s mental
processes? And how much of a
change did this treatment cause in
Terry’s brain processes?
Imagine that future scientists were able
to alter exactly 25% of a person’s
[mind; Studies 1A, 2–5] [mental
processes; Study 1B] [mental states;
Study 1C]. How much of a change
would this cause in their [brain;
Studies 1A, 2–5] [brain processes;
Study 1B] [brain states; Study 1C]?
When there is a change in a person’s
mind, how often would you say there
is also a change in the person’s brain?

in which a person saw a psychotherapist and the person’s problems were treated. Participants
then judged to what extent this treatment changed the person’s mind and brain. We will refer
to this measure as the locus-of-change task.
To assess the generalizability of the results, we administered scenarios that differed in
the reason the person was seeing a therapist. In some scenarios, participants were told, “A
person has difficulties in their personal [professional] life,” and in others, “A person has been
diagnosed with depression [anxiety].” For each scenario, we created two versions that differed
in treatment duration (3 or 12 months; e.g., “They see a therapist for 3 months”). In total, there
were 4 (reasons) × 2 (durations) = 8 different scenarios.
To measure the impact of psychotherapy, the participants in Study 1A were asked, “Would
this treatment cause a greater change in the person’s mind or in their brain?” Participants
responded by clicking on a slider, on which one pole was labeled “Change exclusively in
the MIND,” the opposite pole “Change exclusively in the BRAIN,” and the midpoint labeled
“Identical change in MIND and BRAIN.” The slider was initially positioned at its midpoint.
The position of the labels was randomized, such that the left pole was labeled as “mind” for
half of the participants and “brain” for the other half. The presentation order of the words
“mind” and “brain” in the question was aligned accordingly, such that the left-pole label on
the slider was always mentioned first in the question. All responses were recorded on a scale
from −50 to +50, which indicated change exclusively in the mind and brain, respectively,
with 0 indicating identical change in both (i.e., no asymmetry). In Studies 1B and 1C, the
words “mind” and “brain” were replaced by “mental processes” and “brain processes” (Study
1B) and “mental states” and “brain states” (Study 1C).
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2.1.2.2. Hypothetical alterations of the mind or the brain. For an alternative means of
quantifying intuitions about minds and brains, we also asked the participants about the effects
of hypothetically altering the mind or the brain directly. In Study 1A, the participants were
presented with the following two scenarios: “Imagine that future scientists were able to alter
exactly 25% of a person’s brain. How much of a change would this cause in their mind?” And,
“Imagine that future scientists were able to alter exactly 25% of a person’s mind. How much
of a change would this cause in their brain?” We will refer to this measure as the hypotheticalalterations task. The order of the two questions was randomized across participants. Participants responded by clicking on a slider whose left and right poles were labeled “0%” and
“100%,” respectively. The slider was initially positioned at 25%, and the participants were
explicitly notified of this. In Study 1B and 1C, the words “brain” and “mind” were replaced
by the phrases “brain processes” and “mental processes” (Study 1B) and “brain states” and
“mental states” (Study 1C).
The locus-of-change task was always presented first, followed by the hypotheticalalterations task. We chose this fixed order because we judged that the hypothetical-alterations
task (which is very direct and might make our research question apparent to participants) was
more likely to interfere with responses on the locus-of-change task than vice versa.
2.1.2.3. Attention check. One item was included to assess whether participants read all
items carefully before responding. The item explicitly stated it was an attention-check question, but proceeded to ask a seemingly legitimate question, after which it told participants to
ignore the question and to choose the last option of six choices. Forty-six participants were
excluded for failing this check.
2.1.3. Open and transparent scientific practices
The data from this and all subsequent studies can be accessed on the Open Science Framework: https://osf.io/3sknp/?view_only=d33490ae62d04d8d82af49fd5ccaad4f
2.2. Results
2.2.1. Locus-of-change task
Participants’ responses to the naturalistic scenarios in the locus-of-change task were consistent with neurodualism. Regardless of question wording, the reasons for needing treatment,
and the length of the treatment, participants systematically expected psychotherapy to cause
greater changes in the mind than in the brain. As shown in Figure 1, the 95% confidence
intervals are consistently on the negative (mind) side of zero in all versions of the scenarios.
(For a description of differences as a function of reasons for needing treatment and length of
the treatment, see online Appendix A.)
2.2.2. Hypothetical-alterations task
Also consistent with our prediction, participants believed that hypothetical interventions
by future scientists would have asymmetric effects on the mind and the brain (see Figure 2).
Regardless of the wording used, participants expected that direct alterations of the brain would
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Fig 1. Participants’ reports of the locus of change in psychotherapy. Participants were asked if psychotherapy
would cause a greater change in the mind, the brain, or an identical change in both. The participants responded
on a continuum from “exclusively in the mind” (Study 1A, top), “exclusively in mental processes” (1B, middle),
and “exclusively in mental states” (1C, bottom) to “exclusively in the brain,” “exclusively in brain processes,”
and “exclusively in brain states” (−50 to +50, respectively; 0 = “identical change in the mind and the brain”).
On each trial, the participants read one of four different reasons the fictitious person was seeing a therapist (e.g.,
problems in personal life, depression) and were given one of two durations (3 vs. 12 months) for the treatment.
The error bars depict 95% confidence intervals.
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Fig 2. Participants’ reports of the anticipated effects of direct alterations of the mind and the brain in Study 1.
Participants were asked about direct alterations of (a) the mind and the brain, (b) mental and brain processes, and
(c) mental and brain states. In all conditions, participants believed that altering the brain would change the mind
more (white bars) than altering the mind (by the same amount) would change the brain (gray bars). The dotted
line depicts the magnitude of the original intervention (25%). Error bars depict 95% confidence intervals.

change the mind more than direct alterations of the mind (of an identical magnitude) would
change the brain.
In Study 1A, the participants believed that a 25% alteration of the brain by future scientists
would change the mind by nearly 50% (M = 49.5, 95% CI [41.8, 57.3]), while altering the
mind by the exact same magnitude would change the brain by only 33% (M = 33.4 [26.5,
40.3]; F[1, 42] = 12.27, p = .001, ηp 2 = .226). In Study 1B, participants expected the alteration of brain processes to change mental processes by 46%, whereas the same alteration
of mental processes would only change brain processes by 39% (M = 46.3 [40.1, 52.5] and
M = 39.4 [32.2, 46.6], respectively; F[1, 42] = 5.17, p = .028, ηp 2 = .110). In Study 1C,
participants expected that an alteration of brain states would change a person’s mental states
by 47%, but only by 32% in the mind-to-brain direction (M = 47.3 [39.9, 54.7] and M = 31.9
[25.4, 38.4], respectively; F[1, 44] = 12.99, p < .001, ηp 2 = .228).
2.3. Discussion
Across two different tasks involving both naturalistic scenarios (the locus-of-change
task) and thought experiments (the hypothetical-alterations task), participants reported that
intervening on the mind and the brain would have asymmetric effects, consistent with
neurodualism.
In naturalistic scenarios varying in the reasons why treatment was sought and in the time
the treatment lasted, the participants reported systematically that psychotherapy, which is
commonly understood to intervene on the mind, would change the mind more than the brain.
This result is consistent with the neurodualism account, according to which intuitive theories
of the mind–brain relation assume the mind is relatively powerless to change the brain. Note
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that it would have been perfectly possible to give a physicalist response in this study and
indicate that the expected changes of psychotherapy were identical in the mind and the brain.
However, participants chose not to do so, consistent with neurodualism. The predicted asymmetry was observed regardless of whether the stimulus wordings referred to “the mind and
the brain,” “mental processes and brain processes,” or “mental states and brain states,” ruling
out the possibility that the findings were an artifact arising from a particular interpretation of
the words “mind” and “brain.”
In thought experiments, participants consistently judged that hypothetical interventions by
future scientists directly altering the brain would cause greater changes in the mind than their
altering the mind would cause in the brain. Again, it would have been easy for the participants
to respond using the original 25% alteration as a reference point and say that the effects were
25% as well, regardless of whether the interventions occurred in the mind or brain. Yet, they
chose not to do so. Instead, they always judged the effects of brain alterations on the mind to
be greater than vice versa.

3. Study 2: Revising the locus-of-change task to minimize task demands
One potential limitation of the locus-of-change task used in Study 1 was that participants
responded on a continuum with two opposite poles, suggesting a forced choice. Although the
response scale did allow participants to place the slider at the midpoint, which was explicitly
labeled as “identical change in both,” the question nevertheless arises whether the asymmetry
observed in Study 1 was an artifact produced by the task setup (if participants believed they
had to choose between the mind and the brain). To rule out this possibility, in Study 2, we
asked participants to separately evaluate the magnitude of the effects of psychotherapy on
the mind and the brain. In addition, we sought to replicate the results of the hypotheticalalterations task from Study 1 with a new sample of participants.
3.1. Method
3.1.1. Participants
Participants were recruited through MTurk, as in Study 1. Participants who had taken part in
Study 1 were prevented from responding. We recruited a total of 58 participants (21 females,
32 males, 1 other, 4 chose not reveal their gender identity; mean age = 35.0 years; range = 22–
71 years; 74.1% white; modal education = 4-year college degree). Of these, 18 participants
were excluded for failing an attention check (same as in Study 1).
3.1.2. Materials and procedure
All materials and procedures were the same as in Study 1A, with one exception: Participants were now asked two questions after each scenario in the locus-of-change task: “How
much of a change would this treatment cause in the person’s mind? And how much of a
change would this treatment cause in the person’s brain?” (see Table 1). The participants
responded using two 0–100 sliding scales titled “Change in the MIND” and “Change in the
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Fig 3. Participants’ reports of the anticipated psychotherapy-induced changes in the mind and the brain in Study
2. Participants believed that psychotherapy would exert greater changes in the mind (white bars) than in the brain
(gray bars), regardless of type of problem for which psychotherapy was sought. Participants responded using two
sliders (0 = “no change” to 100 = “huge change”), one for changes in the mind and the other for changes in the
brain. Error bars represent 95% confidence intervals.

BRAIN.” The left and right poles of the sliders were labeled, “NO CHANGE,” and “HUGE
CHANGE,” respectively. The spatial arrangement of the sliders was counterbalanced, such
that the mind-slider was presented above the brain-slider for approximately 50% of the participants and below it for the others. The order in which the mind and the brain were mentioned
in the questions corresponded with the order of the sliders, such that the domain mentioned
first (mind for 50% of participants vs. brain for the others) always corresponded to the first
slider.
3.2. Results
3.2.1. Locus-of-change task
Consistent with our proposal, participants reported that psychotherapy would cause greater
changes in the mind than in the brain. As shown in Figure 3, the causal asymmetry was
consistent across problem types (M = 56.0 [48.9, 63.0] and M = 35.2 [27.4, 43.1] for mind
and brain, respectively). A 4 (problem type) × 2 (therapy duration) × 2 (locus of change)
repeated-measures ANOVA showed a main effect of locus of change, F(1, 39) = 20.04, p <
.001, ηp 2 = .339, but no significant two- or three-way interactions.
The participants also expected therapy to induce more change overall if it lasted 12 rather
than 3 months (M = 52.1 [46.0, 58.2] vs. M = 39.1 [33.1, 45.2], respectively; F[1, 39] =
46.92, p < .001, ηp 2 = .546). Finally, we also found a main effect of problem type, F(2.50,
97.52) = 5.48, p = .003, ηp 2 = .123:4 Participants expected therapy to induce more change in
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the scenarios in which the person was diagnosed with depression (M = 48.9 [42.3, 55.6]) or
anxiety (M = 47.8 [40.9, 54.7]) than in ones involving difficulties in the person’s professional
(M = 40.5 [34.4, 46.6]) or personal (M = 45.2 [39.2, 51.2]) life. Regardless of these details,
however, the anticipated primary locus of change was always in the mind.
3.2.2. Hypothetical-alterations task
The pattern of results in the hypothetical-alterations task was virtually identical to that in
Study 1. Consistent with neurodualism, participants again expected a direct alteration of the
brain to change the mind more than vice versa (M = 39.4 [31.8, 46.9] vs. M = 28.4 [21.2,
35.6], respectively; F[1, 39] = 5.36, p = .026, ηp 2 = .121).
3.3. Discussion
Study 2 replicated the findings from Study 1 on both the locus-of-change and the
hypothetical-alterations tasks. Of note, the locus-of-change task used a new setup that allowed
participants to indicate anticipated changes to the brain and the mind independently of each
other—a revision to our method that was intended to investigate the possibility that the asymmetry observed in Study 1 was an artifact of the response format. Contrary to this possibility,
the results showed that participants again consistently expected that a psychological intervention, psychotherapy, would cause greater changes in the mind than in the brain. These results
are consistent with an underlying intuitive theory in which the causal effects of the mind on
the brain are weak.
4. Study 3: Adding the changes-in-the-abstract task; comparing the effects of
psychotherapy and psychiatric drugs in the locus-of-change task
In Study 3, we added a third, even more direct, measure of neurodualism: We asked participants how often they thought events in the mind are accompanied by events in the brain and
vice versa. We also added an important element to the locus-of-change task. Thus far, these
scenarios only investigated beliefs about the effects of intervening on the mind (psychotherapy). The results suggested that the anticipated causal effects of mind-interventions on the
brain are weak. Conceivably, however, participants might believe that the effects of any intervention are stronger in a metaphysically proximal domain (in Studies 1 and 2, the mind) than
in a distal domain (in Studies 1 and 2, the brain). Study 3, therefore, asked participants to
evaluate the effects of two real-life interventions, one acting on the mind (psychotherapy; as
in Studies 1 and 2) and another acting on the brain (psychiatric medication).
Finally, in Study 3, we explored whether participants’ prior exposure to academic psychology or neuroscience would predict the extent to which they endorse neurodualism versus the
physicalist views typically embraced in the scientific literature. Exposure to scientific literature on the brain and the mind might be correlated with views more aligned with physicalism.
However, given previous evidence that intuitive beliefs about minds and brains are not always
affected by education (e.g., Ahn et al., 2017; Macdonald et al., 2017), we did not have strong
a priori predictions in this respect. In addition, while education is an obvious source of
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information challenging popular dualist beliefs, it is not the only one: Claims and beliefs
based on natural sciences and consistent with physicalism are ubiquitous in our culture. Even
if a participant has not taken college-level classes in neuroscience or psychology, they may
have received enough input elsewhere to suggest that the brain is not irrelevant for the mind.
4.1. Methods
4.1.1. Participants
Participants were recruited through MTurk, as in the preceding studies. Participants who
had taken part in Studies 1 and 2 were prevented from participating. We recruited a total of
203 participants (75 females, 124 males, 1 other, 3 did not respond to demographic questions;
mean age = 35.0 years; range = 19–70 years; 77.8% white; modal education = 4-year college degree). Of these, 39 participants were excluded for failing an attention check (same as
in Study 1). We increased the sample size substantially from Study 2 to be able to investigate
how individual differences in prior exposure to psychology and neuroscience relate to individual differences in participants’ intuitive theories. A sensitivity power analysis (power = 80%,
α = .05, two-tailed tests) suggested that the sample in this study (N = 164 post-exclusions)
was adequately powered to detect correlations as small as r = .22.
4.1.2. Materials and procedure
The materials and procedure were identical to Study 2 except for the following changes.
4.1.2.1. New task: Changes in the abstract. Participants’ causal beliefs about mental and
brain events in the abstract were assessed using a measure that consisted of two items: (1)
“When there is a change in a person’s mind, how often would you say there is also a change
in the person’s brain?” (mind-to-brain) and (2) “When there is a change in a person’s brain,
how often would you say there is also a change in the person’s mind?” (brain-to-mind; see
Table 1). Participants responded using a 0–100 sliding scale with the left and right poles
labeled “NEVER” and “ALWAYS,” respectively. The two items were presented in random
order. We predicted a greater anticipated effect in the brain-to-mind direction than in the
mind-to-brain direction.
4.1.2.2. Revisions to the locus-of-change task. In the revised locus-of-change task, the
respondents were asked about two types of scenarios: ones in which the person saw a therapist (intervention on the mind), and ones in which they took medication (intervention on
the brain; see Table 1). In every scenario, participants were also told that the person “completely overcame” their difficulties to underscore that there were no differences in treatment
outcomes.5 The scenarios and accompanying questions were as follows:
Imagine the following scenario: A person has [difficulties in their personal life / been
diagnosed with depression]. They [see a therapist / take medication] for [3 / 12] months
and completely overcome their [problems / depression]. How much of a change would
this treatment cause in the person’s mind? And how much of a change would this treatment cause in the person’s brain? Please click on both sliders to register your responses.
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Of main interest to us was the interaction between the intervention (psychotherapy vs.
medication) and the locus of change (proximal vs. distal). The neurodualism account predicts that participants will expect a smaller difference between proximal and distal effects
for an intervention acting on the brain than for an intervention acting on the mind. Unlike
in the changes-in-the-abstract and the hypothetical-alterations tasks, we do not make strong
predictions about the distal effects of the two interventions because participants may have
preconceived notions about the relative effectiveness of medications versus psychotherapy
(Ahn et al., 2009, 2017; Angermeyer, van der Auwera, Carta, & Schomerus, 2017; Kemp
et al., 2014; Khalsa et al., 2011), notions that may influence their responses even if they hear
that the protagonist “completely overcame” their problem.
To avoid doubling the length of the task, we dropped the two of the problem types (professional difficulties and anxiety). In total, participants answered 2 (treatment: psychotherapy
vs. medication) × 2 (effects: proximal vs. distal) × 2 (problems: personal difficulties vs.
depression) × 2 (duration of treatment: 3 vs. 12 months) = 16 questions across 8 scenarios.
All psychotherapy scenarios were presented in one block, and all medication scenarios in
another. The presentation order of the blocks and the items within each block was randomized
across participants. The two treatment durations for a given scenario were presented in a set
order with the 3-month item always presented first, before the 12-month item.
As in Study 2, the spatial arrangement of the response sliders was counterbalanced such that
the mind-slider was presented above the brain-slider for half of the participants and below it
for the other half. The order in which the mind and the brain were mentioned in the questions
corresponded with the arrangement of the sliders, such that the question about the mind was
always presented first whenever the mind-slider was presented first and vice versa.
The order of the new changes-in-the-abstract task and the locus-of-change task was randomized across participants, and the hypothetical-alterations task was always presented last.
4.1.2.3. Prior exposure. Participants were asked whether they had completed any
college-level courses either in (a) psychology or (b) neuroscience and if so, how many courses
(one vs. more than one).
4.2. Results
4.2.1. Changes-in-the-abstract task
Responses on this new task showed the predicted causal asymmetry: Participants believed
that changes in the brain would more often be accompanied by changes in the mind (M =
67.6 [64.0, 71.2]) than vice versa (M = 56.2 [52.0, 60.3]), F(1, 163) = 28.78, p < .001,
ηp 2 = .150.6
4.2.2. Locus-of-change task
Also consistent with neurodualism, participants reported that psychotherapy would exert
much stronger proximal than distal effects (M = 75.4 [72.5, 78.3] vs. M = 47.0 [43.1, 50.8],
respectively), whereas the anticipated proximal and distal effects of medication were virtually
equal (M = 63.8 [60.0, 67.7] vs. M = 63.8 [60.1, 67.6]; see Figure 4). A 2 (intervention type)
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Fig 4. Participants’ expectations of proximal and distal changes caused by psychotherapy (left) and psychiatric
medication (right) in Study 3: Intervening on the brain affects the mind more than vice versa. Scale: 0 = “no
change,” 100 = “huge change.” Error bars depict 95% confidence intervals.

×2 (locus of change) × 2 (problem) × 2 (treatment duration) repeated-measures ANOVA
revealed the predicted two-way interaction between intervention type and locus of change,
F(1, 163) = 53.60, p < .001, ηp 2 = .247.7
While not directly pertinent to our proposal, all four main effects were also significant in
this ANOVA (ps < .026). Because the main effects of intervention type and locus of change
are subsumed under the two-way interaction just described, we focus on the others: Participants expected interventions to have greater effects when they last 12 months (M = 64.8 [62.4,
67.2]) rather than just 3 months (M = 60.2 [57.8, 62.6]) and when treating depression (M =
64.3 [61.8, 66.8]) than problems in one’s personal life (M = 60.7 [58.3, 63.1]). Finally, the
three-way interaction among intervention, locus of change, and problem type was significant,
F(1, 163) = 6.52, p = .012, ηp 2 = .038, suggesting that participants expected the distal versus proximal effects of psychotherapy and medications to be slightly different for depression
and personal-life problems. This did not affect the predicted asymmetry or its interpretation,
however.
4.2.3. Hypothetical-alterations task
As in previous studies, participants reported that an intervention by future scientists directly
altering 25% of the brain would cause a substantially greater change in the mind (M = 48.3
[44.4, 52.1]) than altering the mind would cause in the brain (M = 34.0 [30.4, 37.5]), F(1,
163) = 46.46, p < .001, ηp 2 = .222.
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4.2.4. Correlations across measures
Since the three tasks above are intended to tap the same intuitive theory, participants’
responses to them should correlate. As shown in Table 1 in online Appendix B, participants’
responses did in fact correlate across tasks quite reliably, and—as one would expect—the correlations were higher between questions that tapped intuitions about the same causal direction (e.g., the mind-to-brain questions on the locus-of-change and hypothetical-alterations
tasks) than between questions that tapped intuitions about different causal directions (e.g.,
the mind-to-brain question on the locus-of-change task and the brain-to-mind question on the
hypothetical-alterations task).
4.2.5. Prior exposure
Few participants had completed any college-level courses in neuroscience (n = 12 vs. 150
with no exposure), but many more had completed at least one psychology course (n = 73 vs.
89 with no exposure). Analyses of the three tasks showed that prior exposure to neither subject affected the observed asymmetry. Mixed ANOVAs, one with exposure to psychology and
another with exposure to neuroscience as a dichotomous between-subjects variable, showed
no interactions between any of the key measures and exposure to either subject on any of the
three tasks (see Tables 2–7 in online Appendix B). The result regarding neuroscience, however, should be interpreted with caution, as few participants had taken neuroscience courses.
4.3. Discussion
Consistent with neurodualism, participants reported, across three different tasks, that events
in the mind and brain have asymmetric consequences depending on the direction of causation. On the new task introduced in this study, participants reported that mental events are
accompanied by brain events less often than vice versa. In and of itself, the fact that people
believe mental events are accompanied by brain events only about half the time shows that
people do not use a strictly physicalist model for reasoning about the mind and brain.
Study 3 also compared the anticipated effects of a psychological intervention to those of
a biological one. Participants expected both interventions to have powerful proximal effects.
Yet, while they believed the biological intervention would change the mind and brain equally,
the anticipated effects of the psychological intervention were much weaker on the brain relative to its effects on the mind.
The present study also successfully replicated our previous findings regarding hypothetical
alterations of the mind and the brain. Participants reported again that directly altering the
brain would change the mind substantially more than vice versa.
Another noteworthy finding of this study was that participants’ responses were systematically predictive of each other across tasks; these relationships were also sensitive to the
direction of causal effects, meaning that correlations were higher among questions about the
same causal direction than among questions about different causal directions. This pattern
of results suggests that the three tasks provide valid measures of the hypothesized intuitive
theory that people use when reasoning about minds and brains.
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Finally, we found that prior exposure to neuroscience and psychology did not relate to
the observed asymmetry in any of the three tasks, suggesting that the extent of exposure
to scientific information (at least at the level assessed here) does not track with greater
endorsement of physicalist views or lower endorsement of neurodualism. That exposure
to college-level courses did not relate to the results is perhaps not surprising, considering
that even academic neuroscientists do not consistently exhibit a fully physicalist worldview (Mudrik & Maoz, 2014). However, few of our participants had prior exposure to
neuroscience; future research can hopefully address this question with greater statistical
power.

5. Study 4: Revising the locus-of-change task to be more naturalistic; adding a
measure of belief in popular dualism
A reasonable question about our studies so far concerns the ecological validity of our stimulus materials, as the scenarios described the problems to be treated only very briefly. Thus,
in Study 4, we replaced the items in the locus-of-change task with more richly fleshed out
character vignettes portraying named (fictional) individuals who are seeking help for specific
mental health problems described in detail.
Study 4 also examined how participants’ responses on the locus-of-change, hypotheticalalterations, and changes-in-the-abstract tasks relate to participants’ endorsement of popular
dualism (measured with the Dualism Scale devised by Stanovich, 1989; e.g., “The mind and
the brain are two totally separate things”). To reiterate, the causal asymmetry observed in participants’ responses in Studies 1–3 cannot have stemmed from popular dualism alone because
this view does not license any systematic predictions about the relative causal powers of the
brain and the mind. However, endorsement of popular dualism may still be correlated with
responses on the three tasks, at least to an extent, since neurodualism is rooted partly in
dualism.
5.1. Methods
5.1.1. Participants
Participants were recruited through MTurk, as in the preceding studies. Participants who
had taken part in Studies 1–3 were prevented from participating. We recruited a total of 201
participants (109 females, 92 males; mean age = 35.5 years; range = 19–70 years; 70.6%
white; modal education = 4-year college degree). Of these, 31 participants were excluded for
failing an attention check (same as in Study 1).
5.1.2. Materials and procedure
The changes-in-the-abstract and hypothetical-alterations tasks were administered as in
Study 3. Also as in Study 3, the changes-in-the-abstract and locus-of-change tasks were
administered in randomized order, before the hypothetical-alterations task.
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5.1.2.1. Revised locus-of-change task. As stimulus materials, we used four vignettes
from Lebowitz and Ahn (2014), each describing an individual seeking help for a specific
mental health problem (see Table 1). Two of the individuals exhibited symptoms fulfilling the criteria for depression and two for social phobia. Each participant viewed all four
vignettes.
In each vignette, the symptoms were described in detail, but the diagnostic labels were not
provided (for details, see Lebowitz & Ahn, 2014). One of the vignettes is shown below:
Terry is a 28-year-old woman who is seeking treatment because she has felt deeply sad
for the past 4 weeks. She reports that she has lost interest in activities that normally bring
her pleasure, such as cooking and going to movies. She states that ever since the current
period of sadness began, she has had difficulty with her memory and concentration. She
has canceled plans with friends several times because she felt too tired to go out. She
reports that her outlook on life has become quite pessimistic; she describes feeling hopeless about the future and perceiving herself to be totally worthless. She has reportedly
experienced similar symptoms (a low mood that lasted several weeks) on three previous
occasions in her life.
After the descriptions of the symptoms, the individual in the vignette was described as
either seeing a therapist or taking medication, and the participants were told that after receiving this treatment for 12 months, their symptoms were now under control. After each vignette,
the participants were asked two questions, using the “mental/brain processes” wording from
Study 1B: (1) “How much of a change did this treatment cause in [the individual]’s mental
processes?” and (2) “How much of a change did this treatment cause in [the individual]’s
brain processes?”
Each participant was always presented with both treatment options for both depression and
social phobia, in different vignettes. For instance, a participant told about one individual suffering from social phobia and receiving therapy in one vignette would always be presented
with a vignette about another individual suffering from social phobia and receiving medication instead. The pairing of vignettes with treatments was counterbalanced across participants
(e.g., 50% of participants read that a certain individual received therapy, and the others read
that the same individual received medication). The presentation order of the vignettes was
randomized for each participant. The response scales were the same as in Study 3 (i.e., separate 0–100 sliders for mind and brain, in counterbalanced order).
5.1.2.2. Dualism Scale. A subset of 10 items were selected from Stanovich’s (1989)
Dualism Scale. The items were chosen that had loadings 0.40 or higher on the factors labeled
Classic Dualism and Rejection of Identity Theory, as reported by Stanovich (1989). Items
included ones such as the following: “Minds are in principle independent of bodies, to which
they are only temporarily ‘attached’”; “My consciousness will survive the disintegration of
my physical body”; and, “The mind and the brain are two totally separate things” (for the
full list, see Table 3 in online Appendix C). Responses were elicited on a 1 (“strongly disagree”) to 5 (“strongly agree”) scale. Higher scores indicated higher endorsement of (popular)
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Fig 5. Participants’ reports of anticipated psychotherapy- and medication-induced changes in Study 4. White
and gray bars depict anticipated proximal and distal changes, respectively. Participants responded using a 0–100
slider with the left and right poles labeled “no change” and “huge change,” respectively. Error bars depict 95%
confidence intervals.

dualist beliefs. Responses were averaged across the 10 items (Cronbach’s α = 0.70). Due to
an oversight, the scale was administered to only 162 participants (before exclusions).
5.2. Results
5.2.1. Changes-in-the-abstract task
As in Study 3 and consistent with neurodualism, participants reported that brain events
would be accompanied by mental events (M = 68.1 [64.5, 71.7]) more often than vice versa
(M = 60.8 [56.8, 64.9]), F(1, 169) = 13.87, p < .001, ηp 2 = .076.
5.2.2. Locus-of-change task
Despite the markedly different stimulus materials, the results were practically identical to
those in Study 3 (see Figure 5). Participants again reported that a psychological intervention
(psychotherapy) would exert much stronger proximal than distal effects (M = 72.8 [69.8,
75.8] vs. M = 57.6 [53.9, 61.3], respectively), whereas a biological intervention acting on the
brain (medication) would produce more equal proximal and distal effects (M = 63.8 [60.2,
67.4] vs. M = 64.8 [61.5, 68.2], respectively). In a 2 (intervention type) × 2 (locus of change)
× 2 (problem) repeated-measures ANOVA, the predicted interaction between intervention
type (psychotherapy vs. medication) and locus of change (proximal vs. distal) was significant,
F(1, 168) = 23.64, p < .001, ηp 2 = .123.
We also found a three-way interaction among intervention type, locus of change, and problem type, F(1, 168) = 5.05, p = .026, ηp 2 = .029, reflecting slight differences in beliefs about
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effects for depression versus social phobia.8 These subtle differences, however, did not affect
the asymmetry that was our main interest. No other effects were significant (apart from a main
effect of locus of change, qualified by the two-way interaction).
5.2.3. Hypothetical-alterations task
As in Study 3 and consistent with neurodualism, participants reported that directly altering
25% of the brain would cause a greater change in the mind (M = 51.4 [47.8, 55.1]) than
altering 25% of the mind would cause in the brain (M = 46.1 [42.1, 50.1]), F(1, 166) = 9.23,
p = .003, ηp 2 = .053.
5.2.4. Relation to endorsement of popular dualism
The Dualism Scale was only weakly predictive of responses on the three tasks, with .17
being the highest and the only significant correlation (see Tables 1 and 2 in online Appendix
C). In an additional set of analyses, we divided participants into a high-dualism and lowdualism group using a median split (for descriptive statistics, see online Appendix C) and
added this dualism factor to the ANOVAs used to analyze responses on each task. The dualism
variable (high vs. low) did not moderate any of the key main effects or interactions (i.e., those
indicating a causal asymmetry) across the three tasks (ps > .45).
5.3. Discussion
Study 4 successfully replicated the findings from the locus-of-change task from Study 3
despite considerably different stimulus materials. Participants again believed, when presented
with detailed character vignettes describing people seeking help for specific mental health
problems, that an intervention on the brain (psychiatric medications) would produce more
similar proximal and distal effects than an intervention on the mind (psychotherapy) would.
These results rule out the possibility that the pattern in the previous studies was limited to a
particular type of materials or level of abstraction in the stimuli and suggest that the observed
pattern is fairly robust. Notably, the results on the changes-in-the-abstract and hypotheticalalterations tasks also replicated those of Studies 1–3.
Finally, participants’ endorsement of simple dualist beliefs, as measured by Stanovich’s
(1989) Dualism Scale, was not predictive of nearly any of the responses on our tasks. This
result supports our premise that neurodualism does not boil down to popular dualism, but
comprises a more complex set of beliefs.

6. Study 5 (preregistered): Do psychotherapists endorse neurodualism?
Do trained psychotherapists also intuitively believe, like lay participants in Studies 1–4,
that the brain is more powerful in changing the mind than the mind is in changing the brain?
Although mental health professionals are sometimes prone to the same biases as lay participants (e.g., Ahn et al., 2009, 2017), psychotherapists provide a conservative test of neurodualism: As mental health professionals, psychotherapists are likely to be better informed
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about the scientific evidence regarding, for example, psychotherapy-related changes in the
brain (e.g., Linden, 2006), which could promote a wider appreciation of the distal effects
of psychological interventions. In addition, because they themselves are providers of psychotherapy, psychotherapists are conceivably more likely than lay participants to believe that
psychotherapy has powerful causal effects, perhaps including distal ones on the brain (contrary to neurodualism).
We also explored whether neurodualism among psychotherapists is associated with particular patterns of treatment recommendations. If providers of psychological treatments themselves regard the brain as more causally powerful, this intuition could inflate the anticipated
effectiveness of biological treatments for mental health conditions, which could in turn affect
clinical judgment and treatment recommendations.
6.1. Methods
6.1.1. Participants
The participants were randomly selected from a national database (the American Psychological Association’s licensed psychologist locator, https://locator.apa.org/). We randomized
the order of all ZIP codes in the United States and contacted clinicians working within a 25mile radius from each ZIP code on this randomized list until we reached the desired sample
size. No more than 20 clinicians were selected from any single ZIP code, even if the locator listed more. Because the 25-mile radius yielded a substantial number of duplicates, we
decreased the radius to 10 miles toward the end of the recruitment process. Participants were
not paid for responding. Of the 998 psychotherapists contacted, a total of 117 participants
(11.7%) met our preregistered inclusion criterion (i.e., they responded to all questions in the
locus-of-change task).
To arrive at the preregistered sample size of 170 (identical to that in Study 4), we conducted
a second wave of data collection through the same psychologist locator, this time offering
$10 Amazon.com gift cards in exchange for participation. The experiment was closed when
the total sample exceeded the targeted count in the preregistered plan. A total of 514 psychotherapists were contacted in this second wave, and 63 of them participated (12.3%). Two
respondents were excluded for having practiced for 0 years, as specified in our preregistered
protocol,9 bringing the total number of participants (post-exclusions) to 178.
Most respondents had a PhD (66.9%) or a PsyD (26.4%). Nine (5.1%) had an EdD, and
two (1.1%) an MSW. In addition, 11 (6.2%) had also completed another degree, such as
MA, MS, or an MBA. None of the participants had an MD, but one respondent (0.6%)
reported having the right to prescribe psychiatric medications10 (six did not respond). The
psychotherapists practiced in 29 states, with California (20.8% of respondents), New York
(10.7%), and Illinois (7.9%) the most prominently represented. They had practiced for a
median of 21.5 years (mode = 15, range = 0.75–50). As their main approaches or orientations with their clients, they reported behavioral/cognitive-behavioral (49.4%), psychoanalysis/psychodynamic (31.5%), integrative/holistic (28.7%), interpersonal (28.1%), family systems (18.0%), cognitive (18.0%), humanistic/Gestalt/existential (14.6%), and other (17.4%).
(Participants could select multiple options on this item.)
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The respondents ranged in age from 28 to 85 years (median = 58.0), and their gender identities were 57.9% women, 37.6% men, and 1.1% other (3.4% did not respond). The participants
were predominantly white (88.2%), with 3.9% Asian/Asian American, 2.2% Hispanic/Latinx,
0.6% Black/African American, and 3.4% more than one race (3.9% did not respond).
6.1.2. Materials and procedure
The locus-of-change, hypothetical-alterations, and changes-in-the-abstract tasks were
administered exactly as in Study 4 (see Table 1). To investigate whether psychotherapists’
intuitive theories were associated with real-life clinical decisions, at the end of the sessions,
we asked respondents to indicate what percentage of clients diagnosed with (a) depression and
(b) anxiety they referred for prescriptions (or prescribed medication to, where applicable).
6.1.3. Preregistration
The analysis plan and hypotheses
https://aspredicted.org/vs9m8.pdf

were

preregistered

on

AsPredicted.org:

6.2. Results
The results resembled those with lay participants, but in an attenuated form. In two tasks
out of three tasks (locus-of-change and hypothetical-alterations), the psychotherapists showed
a similar causal asymmetry as untrained participants. In contrast, the results from the changesin-the-abstract task differed from the results with lay participants.
6.2.1. Locus-of-change task
Not surprisingly for providers of psychotherapy, the participants reported that psychotherapy (M = 63.5 [61.0, 66.0]) would cause greater changes overall than medications (M =
51.7 [48.8, 54.7]), F(1, 177) = 74.25, p < .001, ηp 2 = .296. In addition, the psychotherapists
believed that, overall, treatments would cause greater changes proximally (M = 66.1 [63.6,
68.6]) than distally (M = 49.1 [46.2, 52.1]), F(1, 177) = 158.28, p < .001, ηp 2 = .472. Importantly, however, these main effects were qualified by a significant interaction between intervention type and locus of change, consistent with neurodualism (see Figure 6): Psychotherapy
providers also believed, like lay participants, that the difference between proximal and distal
causal effects is smaller for medication relative to psychotherapy, F(1, 177) = 10.34, p =
.002, ηp 2 = .055.11
6.2.2. Hypothetical-alterations task
Like lay participants, psychotherapists expected that changing the brain would have a
stronger effect on the mind (M = 43.7 [39.7, 47.7]) than vice versa (M = 40.5 [36.8, 44.3]).
Unlike with lay participants, however, this difference was only marginally significant, F(1,
172) = 3.36, p = .069, ηp 2 = .019. This suggests that if psychotherapists do exhibit the same
asymmetry as lay participants, its magnitude may be weaker.
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Fig 6. Psychotherapists’ reports of anticipated proximal and distal effects of psychotherapy (left) and medication (right) in Study 5. Professional providers of psychotherapy expected both psychotherapy and medication to
exert greater changes in their proximal (white bars) than distal (gray bars) metaphysical domain. However, the
difference between proximal and distal effects was smaller for medication than for psychotherapy, suggesting a
causal asymmetry in intuitive theories of the mind and the brain (neurodualism). Error bars depict 95% confidence
intervals.

6.2.3. Changes-in-the-abstract task
The pattern of results was clearly discrepant from lay participants in the changes-in-theabstract task. Contrary to our preregistered hypothesis, the psychotherapists expected changes
in the mind to be accompanied by changes in the brain more often than vice versa (M = 67.3
[63.6, 70.9] vs. M = 60.4 [56.8, 64.0], respectively), F(1, 176) = 12.57, p < .001, ηp 2 = .067.
The psychotherapists, however, like lay participants, also diverged from a strictly physicalist
position, in that they did not believe that changes in the mind were always accompanied
by changes in the brain (i.e., 67.3 is substantially below 100), consistent with prior findings
suggesting that trained mental health clinicians also endorse dualistic beliefs (Miresco &
Kirmayer, 2006).
6.2.4. Relation to treatment preferences
Next, we tested whether psychotherapists’ intuitive theories of the relation between the
mind and the brain predicted their treatment preferences—specifically, how often they
referred patients diagnosed with depression or anxiety for medication prescriptions or prescribed medications themselves to such patients (if they had the right to do so).
We first calculated an index of neurodualism from each of the three tasks by subtracting the
anticipated changes to the brain induced by interventions on the mind from the anticipated
changes to the mind of an analogous intervention on the brain. Higher values on these three
indices corresponded to a greater endorsement of neurodualism. Because these three indices
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were correlated, rs > .41, ps < .001, suggesting that they all tapped the same intuitive theory,
we averaged them into a composite index of neurodualism (Cronbach’s α = .71).
Similarly, because the percentages of patients with depression (M = 43.6%, mode = 50%)
and anxiety (M = 32.9%, mode = 50%) that the psychotherapists referred for prescriptions
were also correlated, r(170) = .75, p < .001, we averaged them into a composite index of
preference for psychiatric medications.
Finally, we examined the correlation between the psychotherapists’ endorsement of neurodualism and their preference for medications. This correlation was significant, r(170) = .19, p
= .015. Psychotherapists who believed the brain affects the mind more strongly than the mind
affects the brain were also more likely to encourage their patients to take psychiatric drugs.
This relationship remained significant when simultaneously adjusting for the psychotherapists’ years of experience, age, and gender, β = .22, p = .004.
6.3. Discussion
In Study 5, we investigated whether professional psychotherapists operate with the same
intuitive theory of the mind and the brain that we found among lay participants in Studies 1–4.
Indeed, in two out of three tasks, trained psychotherapy providers showed some evidence of
neurodualism, but to a weaker extent than lay participants. Arguably, these results highlight
how intuitive and pervasive the neurodualist way of thinking about the mind and the brain is.
Perhaps the clearest evidence of neurodualism was observed in the locus-of-change task,
where—like lay participants—psychotherapists expected the difference between proximal
and distal causal effects to be smaller for medication relative to psychotherapy. Even on this
task, however, psychotherapists’ responses were subtly different from those of lay participants. The most noticeable difference concerned the anticipated distal effects of medications
on the mind (compare the rightmost bars of Figures 5 and 6): Psychotherapists did not believe
that medications would affect the mind to the same extent as lay participants believed they
would. This is perhaps not surprising from providers of a competing form of treatment. In fact,
an exploratory post-hoc analysis suggested that it was precisely the therapists who were leery
of medications (as evidenced by their referral history) who were also skeptical of the effects
of medications on the mind (see online Appendix D.2). Several participants even explicitly
articulated a belief that drugs do not cause lasting psychological change: for example, “While
medication may have an impact during its usage, it does not make permanent changes—that
is a different question—whereas I believe therapy and experience DO have the ability to cause
permanent changes.”
Perhaps the same reasons also explain why psychotherapists showed the opposite pattern
to that of lay participants on the changes-in-the-abstract task, expecting mental events to be
accompanied by neural events more often than vice versa: Psychotherapists may be particularly inclined to believe that psychological interventions can produce profound and lasting
effects, and that biological interventions may not always produce wanted mental changes.
This belief may have guided their reasoning in this thought experiment as well. Indeed, an
exploratory analysis reported in online Appendix D.2 suggests that psychotherapists who
were wary of psychiatric drugs exhibited the pattern of responses that was most discrepant
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from that observed among lay participants. We should also note that it is a scientific fact that
many neural events simply have to do with the functioning of the body (e.g., the neural activity
that regulates our breathing while we sleep) and thus lack an intuitively recognizable mental
counterpart, whereas most scientists would agree that any mental event must have a corresponding neural event. Perhaps recognition of this fact also played a part in psychotherapists’
responses on the changes-in-the-abstract task.
Our other goal in Study 5 was to investigate whether psychotherapists’ intuitive theories
of the relation between the mind and the brain predict a key aspect of how they practice their
profession—that is, the extent to which they recommend to their patients that they take psychiatric medications. We found evidence of such a relationship: Responses on the neurodualism
tasks predicted treatment preferences, even when adjusting for covariates such as years of
experience. This result suggests that consequential aspects of how mental health professionals work with their patients are informed by an intuitive neurodualist theory of mind–brain
interactions that is out of step with current scientific understanding.

7. General discussion
We investigated intuitive theories of minds and brains in five studies with both lay participants and professional psychotherapists. We hypothesized that when reasoning about minds
and brains, people rely on neurodualism—a hybrid intuitive theory that assimilates aspects
of physicalist beliefs into pre-existing dualist intuitions, attributing more causal power to the
brain over the mind than vice versa.
In all experiments and across several different tasks involving both thought experiments and
naturalistic scenarios, untrained participants believed that interventions acting on the brain
would affect the mind more than interventions acting on the mind would affect the brain, supporting our proposal. This causal asymmetry was strong and replicated reliably with untrained
participants. Moreover, the extent to which participants endorsed popular dualism was only
weakly correlated with their endorsement of neurodualism, supporting our proposal that a
more complex set of beliefs is involved. In the last study, professional psychotherapists also
showed evidence of endorsing neurodualism—albeit to a weaker degree—despite their scientific training and stronger reluctance, relative to lay participants, to believe that psychiatric
medications affect the mind.
Our results both corroborate and extend prior findings regarding intuitive reasoning about
minds and brains. Our results corroborate prior findings by showing, once again, that both
laypeople and trained mental health professionals commonly hold dualistic beliefs. If their
reasoning had been based on (folk versions of) a physicalist model, such as identity theory or
supervenience, participants should not have expected mental events to occur in the absence
of neural events. However, both lay participants and professional psychotherapists did consistently report that mental changes can occur (at least sometimes) even in situations in which
no neural changes occur.
Our findings also extend prior findings by demonstrating that intuitive theories of minds
and brains are considerably more complex than has previously been acknowledged. While it
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is widely agreed that dualistic beliefs are common (Ahn et al., 2017; Bloom, 2004; Forstmann
& Burgmer, 2015; Miresco & Kirmayer, 2006; Mudrik & Maoz, 2014; Stanovich, 1989), how
exactly people reason about the mind and brain in relation to each other has remained unclear.
Our findings show that the fuller picture of intuitive theories is more nuanced than a mere
belief that the mind and the brain are separate interacting entities. That intuitive theories can
contain aspects of both popular-dualist and physicalist beliefs helps to explain why people’s
beliefs often seem internally inconsistent: While people often agree with the statement that
the mind is not separable from the brain, they also endorse the view that the mind is not fundamentally physical (Demertzi et al., 2009). Similarly, even professional neuroscientists—who
presumably endorse physicalist views—commonly discuss the brain in terms that conflict
with physicalism (Greene, 2011; Mudrik & Maoz, 2014). Inconsistencies such as these are
to be expected if people intuitively think of the mind as neither purely physical nor entirely
independent of the brain, but rather embrace aspects of both of those views simultaneously.
In fact, it is not uncommon for intuitive theories to take the form of hybrids that incorporate
novel beliefs into existing theories whose original core is not lost even as the theories become
increasingly complex (e.g., Hussak & Cimpian, 2019; Shtulman & Lombrozo, 2016).
Moreover, the current study sheds light on what this hybrid theory looks like. The results
suggest that even if (and when) people are dualists, they perceive the brain neither as causally
irrelevant for the mind nor as unresponsive to mental changes, but rather see the brain as
a more commanding and robust causal agent than the mind. Future research will hopefully
be able to capture further subtleties in intuitive theories of minds and brains. It seems likely
that if researchers search for more fine-grained options than dichotomous dualist/antidualist
positions in lay intuitions, increasingly fine-grained aspects may become visible.
7.1. Broader implications for theory and practice
7.1.1. Relation to the popular allure of neuroscience
Our findings may help to explain the intense fascination that the general public and mass
media show for neuroscience research (Beck, 2010; O’Connor, Rees, & Joffe, 2012). If the
general public is reluctant to believe that changes in the mind always correspond to changes
in the brain, neuroscience findings showing that what happens in our minds happens in our
brains as well contradict this belief and may thereby be particularly intriguing. Neurodualism may also help explain why people find brain-related statements informative in the context of psychological explanations even when the statements are irrelevant (Weisberg, Keil,
Goodstein, Rawson, & Gray, 2008; Fernandez-Duque, Evans, Christian, & Hodges, 2015).
Conceivably, the intuitive tendency to privilege causal patterns in the brain-to-mind direction
(i.e., neurodualism) may bias people to perceive causal brain-to-mind connections even when
none exist, which may in turn make the addition of neuroscience evidence to a psychological
explanation seem informative. Also consistent with this argument, Fernandez-Duque et al.
(2015) found that (popular) dualistic beliefs alone did not predict their participants’ reasoning in these contexts. In future research, it would be useful to test whether endorsement of
neurodualism does predict the tendency to view information about the brain as particularly
explanatory even in cases where it is not.
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On a different note, some authors have suggested that the allure of neuroscience explanations is not specific to beliefs about minds and brains but related to a more general preference
for reductive information. Hopkins, Weisberg, and Taylor (2016) found that across different scientific disciplines, people generally preferred explanations that referred to processes
perceived as more fundamental, even when these processes were logically irrelevant to the
explanation. According to this view, information about the brain may be seen as particularly
informative because it is perceived as operating at the next level of analysis below psychological phenomena (Fernandez-Duque, 2017). It seems likely, however, that the neurodualist
intuitive theory identified in the present research and this general preference for reductive
information are independent inputs into the public’s fascination with neuroscience explanations. Importantly, neurodualism itself is not a reductionist theory: For instance, people report
that changes in mental states are only sometimes accompanied by changes in brain states (see
Studies 3–5). Beliefs such as these are not easily interpreted as evidence that people are treating the terms “mind” and “brain” as referring to the same phenomenon at different levels of
analysis. A more plausible account is that a neurodualist intuitive theory and the preference
for reductive explanations are two independent factors contributing to the public appeal of
neuroscience.
7.1.2. Implications for reasoning about mental illness and health
The current results may help to make sense of common beliefs regarding treatment efficacy
in mental health. When people think that the source of a mental health issue such as depression is in the brain, they perceive psychological interventions as less likely to be helpful (Ahn
et al., 2017; Deacon & Baird, 2009; Kemp et al., 2014). The belief that a psychological treatment cannot be effective if the problem is reflected in brain processes is at odds with both a
physicalist view of the mind and the empirical evidence (e.g., Linden, 2006; Lozano, 2011;
Deacon, 2013). These beliefs are unfortunate from a practical viewpoint as well because prognostic beliefs often predict treatment outcomes (Rutherford, Wager, & Roose, 2010). That
is, pessimistic expectancies can become self-fulfilling prophecies: Neurobiological causal
attributions are associated with both lower treatment expectations and poorer psychosocial
treatment outcomes in depression (Schroder et al., 2020). Our findings suggest that part of
the reason for these effects may lie in the intuitive theories people use for reasoning about
the mind and brain. Biological causal explanations may foster pessimism about the efficacy
of psychotherapy partly because of an underlying intuitive theory ascribing relatively little
power to the mind over the brain.
Fortunately, targeted education about the malleability of neurobiological factors in depression can help reduce prognostic pessimism and strengthen patients’ beliefs about their own
ability to regulate their moods in depression (Lebowitz & Ahn, 2015), suggesting that these
intuitions are not fixed or immutable. In future work, it would be worthwhile to investigate
whether interventions that target people’s intuitive theories of the relation between the mind
and brain could also help mitigate the negative consequences of biological attributions for
disorders such as depression.
While participants in our studies were reluctant to believe that acting on the mind can result
in changes in the brain, they were more willing to endorse that acting on the brain can result in
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changes in the mind. This may help, in part, to explain why Western societies have so enthusiastically come to favor neurobiologically centered approaches to mental illness despite people’s dualistic intuitions. Pharmacological treatments have become the predominant societal
response to mental health conditions over the past decades. Although it is widely agreed that
an adequate response to mental distress needs to address several nonreducible levels, Western
cultures have allowed “the biopsychosocial model to become the bio-bio-bio model,” in the
words of a previous president of the American Psychiatric Association (Sharfstein, 2005).
Arguably, neither the enthusiasm nor the scale at which this approach has been implemented
is easy to explain from a purely evidence-based perspective (Deacon, 2013; Whitaker & Cosgrove, 2015; UN Human Rights Council, 2017; Lacasse & Leo, 2005; Healy, 2015; Moncrieff & Cohen, 2006), and its success has been controversial at best (Danborg & Gøtzsche,
2019; Gøtzsche, Young, & Crace, 2015; Haslam & Kvaale, 2015; Hengartner, 2020; Ioannidis, 2019; Jakobsen et al., 2017; Munkholm, Paludan-Müller, & Boesen, 2019; Sohler et al.,
2015). Why, then, do we continue to operate based “on faith that neuroscience will eventually
revolutionize mental health practice,” if “[d]ecades of extraordinary investment in biomedical
research have not been rewarded with improved clinical tools or outcomes” (Deacon, 2013,
p. 858)? While numerous societal and institutional factors undoubtedly affect the situation in
all its complexity (e.g., Moncrieff, 2006; Whitaker & Cosgrove, 2015), from a strictly cognitive perspective, it is conceivable that our intuitive theories—in particular, our willingness to
believe in the brain as an asymmetrically powerful causal agent that can influence the mind—
may have contributed and made the public prone to believe overstated neuroscientific claims.
In a self-reinforcing cycle, the widescale implementation of any neurobiologically centered
practices likely also loops back and shapes people’s intuitive theories in ways that further
increase the appeal of these practices.
7.1.3. Relation to the broader historical context
The intuitive theories documented here are undoubtedly a product of the current historical
context: Several authors have suggested that many cultures are undergoing a transition toward
understanding mind–brain relations in more materialistic terms (e.g., Mudrik & Maoz, 2014).
As scientific inquiry has progressed, we as a culture have increasingly come to believe that
it is the brain which controls faculties formerly associated with the soul, such as memory,
language, and emotion. If the suggestion is correct that we are in the process of intuitively
giving up the mind’s and/or soul’s functions to material brains (Greene, 2011), it is interesting to consider what are “the soul’s last stands”—the most immaterial of our nonphysical
capacities, the ones not yet outsourced to the brain.
7.2. Conclusion
It is important to keep in mind that, philosophically, the mind–body problem remains
an unresolved paradox. Although materialist and physicalist views have been the working
assumption of contemporary psychologists and neuroscientists and also the prevailing position in philosophy over the past decades, this does not mean that the original mind–body
problem itself was resolved. It remains, to this day, extremely difficult to see how, if the mind
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is a nonphysical thing and the body is a physical thing, one could simply just be the other
(or how they could interact, if we are dualists). It is helpful to remember that not only the
general public but also (at least some) contemporary philosophers find the claim inherently
implausible that the mind simply is a physical thing (e.g., Westphal, 2016). What people
think the mind is, however, and how exactly they think it is related to the brain seems worth
investigating further, both for theoretical and practical reasons.

Notes
1 Although materialism and physicalism differ in their nuances (Stoljar, 2017), we will
use the terms interchangeably in this manuscript.
2 In this context, psychiatric medications can be thought of as acting primarily on the
brain. Taking drugs of course also has powerful additional psychological effects, as
attested by extensive research literatures on placebo and nocebo effects. Precisely
because such complications are unavoidable in naturalistic scenarios, it is important
to complement them with conceptually tidier thought experiments.
3 Unless mental events are thought not to exist at all, or to be misleading about actual
physical events in the brain (see Churchland, 1981; Dennett, 1989). Most philosophers
and neuroscientists, however, take less radical positions regarding commonsense views
of mental phenomena.
4 The Huynh–Feldt (ε = .83) correction was used because the assumption of sphericity
was violated, χ 2 (5) =16.92, p < .01.
5 It is important to stipulate identical outcomes for the two treatments in case participants
have prior beliefs about the efficacy of psychotherapy versus psychiatric medication,
which would be reflected in their change estimates.
6 To investigate the possibility of carryover effects from the locus-of-change task, we analyzed separately the responses from the subset of participants for whom the changesin-the-abstract task was presented first (n = 81). The responses of this subset of participants showed the same asymmetry, M = 67.9 [62.4, 73.4] versus 59.9 [53.6, 66.2], F(1,
80) = 6.00, p = .016, ηp 2 = .070. Thus, the predicted asymmetry on this task was not
an artifact of task order.
7 To investigate the possibility of carryover effects from the change-in-the abstract task,
we analyzed separately the responses from the subset of participants for whom the
locus-of-change task was presented first (n = 83). The responses of this subset of participants showed the same predicted two-way interaction between intervention type and
locus of change, F(1, 82) = 45.93, p < .001, ηp 2 = .359. Thus, the predicted asymmetry
on this task was not an artifact of task order.
8 For social phobia, the anticipated proximal versus distal effects were M = 73.9 [70.7,
77.0] versus M = 57.5 [53.5, 61.4] for therapy and M = 63.4 [59.5, 67.3] versus M =
66.6 [63.1, 70.2] for medication. For depression, the anticipated proximal versus distal
effects were M = 71.7 [68.2, 75.3] versus M = 57.8 [53.7, 61.9] for therapy and M =
64.2 [60.4 vs. 68.1] versus M = 63.1 [59.3, 66.8] for medication.
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9 Four other participants did not respond to the question asking how long they had practiced. They were included in all analyses.
10 Clinical psychologists have the right to prescribe psychiatric medications in some states.
11 In addition, there was a significant interaction between intervention and problem type
(anxiety vs. depression). As this was not directly relevant for our hypotheses, the details
are described in online Appendix D.1.
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