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Semantics, Surplus
Meaning, and the
Science of Fear

Joseph E. LeDoux'?*

When subjective state words are
used to describe behaviors, or
brain circuits that control them
nonconsciously, the behaviors
and circuits take on properties of
the subjective state. Research on
fear illustrates the problems that
can result. Subjective state words
should be limited to the descrip-
tion of inner experiences, and
avoided when referring to circuits
underlying nonsubjectively con-
trolled behaviors.

We are in a golden age of technical inno-
vation in neuroscience. However, our abil-
ity to use these advances to understand
brain function is only as good as our
understanding of the function we are
studying. Application of sophisticated
technologies to misconstrued psycholog-
ical processes creates a false sense of
progress, and ultimately leads to confu-
sion rather than to deep understanding. In
areas where basic science findings are
used to understand and treat clinical
problems, this kind of confusion has
real-world consequences. | think this is
where we are in the study of ‘fear’ today,
afield I have worked in for more than three
decades.

The common meaning of the word ‘fear’
is the feeling that invades your conscious
mind when you are in danger. You recog-
nize it in yourself by the inner experience,
and in others by outward manifestations
associated with the feeling, such as freez-
ing, fleeing, trembling, or a fearful facial
expression. Inner experiences of this type
are often the inspiration for research in
psychology and neuroscience, but pose

special problems as research topics. How
can research be done on something that
cannot be observed?

‘Intervening variables’ are often used for
this purpose. These were introduced by
Edward Tolman during the 1930s in an
effort to get past the behaviorists’ insis-
tence on explaining behavior without call-
ing upon inner factors (including mental
and neural events [1]). Tolman viewed
intervening variables (sometimes called
‘mediating variables’ by statisticians) as
a way of explaining the empirical relation
between stimuli and responses. These
were psychological, in the sense that they
accounted for behavior, but were not
subjective, in the sense that they did
not imply any real or hypothetical subjec-
tive state. Nevertheless, subjective terms
were often retained as labels for the
states. Fear, for example, was said to
meditate between a harmful stimulus
and defensive response. Later research-
ers introduced ‘hypothetical constructs’,
which sought physiological grounding for
intervening variables. Fear, in this
approach became hypothetical physio-
logical motivational state that connected
threats with behavior [2]. However, as
was quickly noted, there is a semantic
danger that results when a common lan-
guage term is used as a scientific name
for an intervening variable or hypothetical
construct [3]. In such a situation some will
be inclined to apply the common mean-
ing. Indeed, in the case of “fear”, the
common meaning is often taken to be
the intended meaning. When this hap-
pens, the variable or construct becomes
infected with the subjective properties
that the scientist was trying to avoid.

With the rise of neuroscience, hypotheti-
cal physiological states were replaced by
neural activity in brain circuits (Figure 1).
For example, ‘fear’ came to refer to a
physiological state of a neural circuit in
the amygdala that mediates between
threats and defense responses [4]. For
some, the amygdala fear state offers an
objective (nonsubjective) account that
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replaces ‘inaccurate subjective explana-
tions’ of fear as a conscious feeling [5].
However, others reject this approach and
treat fear in the conventional way, as a
conscious feeling instantiated in the amyg-
dala circuit [6]. Still another approach
rejects both of the amygdala views of fear
and instead treats it as a conscious expe-
rience cognitively assembled in cortical
circuits [7,8]. Clearly, the opportunity for
confusion is high when so many scientific
meanings are available, and some of these
overlap with the common meaning of fear
as a conscious experience, but others do
not, and among those that do, different
neural circuits are proposed.

| have long been a proponent of a cogni-
tive view of emotions [9,10]. Specifically,
several decades ago, | proposed that
objectively measurable behavioral and
physiological responses elicited by emo-
tional stimuli were controlled noncon-
sciously by subcortical circuits, such as
those involving the amygdala, while the
conscious emotional experience was the
result of cortical (mostly prefrontal) circuits
that contribute to working memory and
related higher cognitive functions. Build-
ing on a distinction emerging in the study
of memory, | referred to these as implicit
(nonconscious) and explicit (conscious)
fear circuits [10].

However, | came to realize that the
implicit—explicit distinction had less trac-
tion in the case of emotions than in mem-
ory. The vernacular meaning of emotion
words is simply too strong. When we hear
the word ‘fear’, the default interpretation
is the conscious experience of being in
danger, and this meaning dominates. For
example, although | consistently empha-
sized that the amygdala circuits operate
nonconsciously, | was often described in
both lay and scientific contexts as having
shown how feelings of fear emerge from
the amygdala. Even researchers working
in the objective tradition sometimes
appear confused about what they mean
by fear; papers in the field commonly refer
to ‘frightened rats’ that ‘freeze in fear’. A
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Figure 1. Contrasting Views of the Amygdala Central Fear State. (A) For some, the amygdala state of
fear is a nonsubjective (nonconscious) neural event that connects threats with defense responses. (B) Others
treat the amygdala state as the neural instantiation of a subjective (conscious) fearful experience.

naive reader naturally thinks of frightened
rats as feeling ‘fear’. As noted above,
using mental state terms to describe the
function of brain circuits infects the circuit
with  surplus meaning (psychological
properties of the mental state) and confu-
sion invariably results.

Recently, | have thus abandoned the
implicit-explicit fear approach in favor of
a conception that restricts the use of
mental state terms to conscious mental
states [7,11]. I now only use ‘fear’ to refer
to the experience of fear. It is common
these days to argue that folk psychologi-
cal ideas will be replaced with more accu-
rate scientific constructs as the field
matures. Indeed, for nonsubjective brain
functions, subjective state labels should
be eliminated. This is what | had in mind
when | proposed calling the amygdala
circuit a defensive survival circuit instead
of a fear circuit [11] (Figure 2A). However,
the language of folk psychology describes
Conscious experiences, such as fear, just
fine [12].

| have argued elsewhere that the dual-
circuit approach, which separates circuits
underlying fearful feelings and defense
responses, accounts for certain puzzles
in the field [7,13]: (i) subjective experiences
of fear and anxiety do not correlate well
with measures of behavioral and physio-
logical defense responses; (i) patients
with amygdala damage do not exhibit
physiological defense responses to
threats, but still can feel fear and panic;
(i) threats processed nonconsciously
increase amygdala activity and trigger
peripheral physiological responses, even
when the person remains unaware of the
stimulus and lacks feelings of fear; and (iv)
the experience of fear is not tied to a single
subcortical circuit; it can come about from
circuit activity related to energy manage-
ment, fluid balance, and thermoregulation
(fear of starving, dehydrating, or freezing
to death), as well as the predatory defense
circuits most commonly discussed.

Another important problem that the dual-
circuit approach helps explain is why drug
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discovery research based on animal
behavior has come up with medications
that are more likely to change behavioral
tendencies than conscious feelings of
fear [14]. Pharmaceutical companies,
researchers, therapists, and patients are
all disappointed, but this is due to mis-
conceptions about what the animal
research can and cannot reveal: changing
avoidant behavior and physiological
arousal is not the same thing as relieving
uncontrolled feelings of fear or anxiety.
Changing behavior and physiology is use-
ful and important, but it is not normally
sufficient to relieve fear itself in a lasting
way. Because it has been based on con-
fusion about what fear and anxeity are,
the entire approach to the development
of treatments (psychological and phar-
maceutical) for problems related to the
experience of fear or anxiety needs to be
reevaluated.

Given that words matter, scientists
have an obligation to be as clear as
possible when defining and using terms.
Imprecise terms create barriers to clear
conceptions, and can also hinder repro-
ducibility of research based on the
terms. When scientists talk about fear
as a function of the amygdala, they will
often be interpreted as meaning the
amygdala is responsible for the feeling
of fear, even if this is not what was
intended. In addition, because subjec-
tive fear is the common received mean-
ing, scientists, wittingly or unwittingly,
slip between subjective and objective
meanings, sometimes at the behest
of funding agencies that demand
promissory notes that cannot be paid:
proposing that research on defensive
behavior in animals will help understand
and treat pathological feelings of fear,
as opposed to changing pathological
behaviors and hyperarousal, glosses
over the fact that the circuits that control
defensive behavior are not the circuits
underlying subjective feelings of fear
[7,13,14]. Subjective state terms are
needed to account for subjective expe-
riences [12]. However, to do their job
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Figure 2. The Two-Circuit View of Threat Processing and the Experience of Fear. (A) In the two-
circuit model, threats are processed in parallel by subcortical and cortical circuits [7,13,14]. A subcortical
defensive survival circuit centered on the amygdala initiates defensive behaviors in response to threats, while a
cortical (mostly prefrontal) cognitive circuit underlying working memory gives rise to the conscious experience
of fear. In many situations, survival circuit activity also contributes, albeit indirectly, to fearful feelings. (B)
Conscious feelings of fear are proposed to emerge in the cortical circuit as a result of information integration in
working memory, including information about sensory and various memory representations, as well as
information from survival and arousal circuit activity within the brain, and feedback from body responses.

conceptually, their use must be restricted
to subjective states.

| have gotten pushback from colleagues
who feel that | am muddying the waters.
Some adhere to the behaviorist notion
that subjective experience lacks rigor as
a scientific construct, despite the fact that
consciousness is a thriving area of
research today [7,8,13]. Others feel that
the fear research is doing just great, and
we should leave well enough alone. | dis-
agree with both points of view. | believe

that subjective experiences are funda-
mental to who we are, and that any
understanding of the brain that fails to
account for consciousness will fall short
(my view of how conscious fear emerges
from cognitive processing is depicted in
Figure 2B); and yes, fear research has
done well. However, | believe that current
conceptions are messy, and that sharp-
ening the way we think about fear can
only improve the opportunity for future
progress. While | am not claiming | have
the solution, | am claiming that there is a
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problem that needs to be addressed and
solved.

Psychology is different from other
sciences, and has hurdles that they lack.
Atoms do not study atoms, but minds
study mental states and behaviors
[15]. When we engage in psychological
research, we must take care to account
for the prominent role of subjective
experiences in our lives, while also
being careful not to attribute subjec-
tive causes to behaviors controlled
nonconsciously.

Conflation of behavioral control circuits
with subjective states by indiscriminant
use of subjective state terms for both
behavioral control circuits and conscious
experiences is not a problem restricted to
fear. It is present in many areas, including
motivation, reward, pain, perception, and
memory, to name a few obvious ones.
Fear researchers, by addressing this
issue, might well set an example that also
paves the way for crisper conceptions in
other areas of research.
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