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Progressions

My Fifty Years Thinking about Emotional Consciousness in
the Brain

Joseph E. LeDoux
New York University, Brooklyn, New York 11249

This piece provides an overview of my fifty-year career as a neuroscientist. I spent much of this time trying to understand what
emotions are and how they relate to human behavior and consciousness. I am pleased that my work on the amygdala helped bring
emotion into the field. But late in the game I changed my views about the amygdala and emotions, causing some unrest in the field.
Note that this is a personal, not an encyclopedic, overview of the neuroscience of emotion. In other words, this is my story about

emotions and the brain, especially in relation to emotional consciousness.

Introduction

Emotions define the highs and lows of our lives and are at the
core of human experience. Unfortunately, the scientific study
of emotions has long been plagued by arguments about what
emotions are and how they function within the brain. Until we
pin down what emotions are, we won’t be able to relieve the emo-
tional problems that plague the lives of so many of people. At the
end of the day, our understanding of emotion in the brain is only
as good as our conceptualization of what an emotion is. If we
don’t know what we are looking for, we will surely fail to find
it, and we will mislead ourselves and others in the process.

The modern science of emotion has roots in the latter part of
the nineteenth century, especially through the writings of Darwin
(1872)and James (1884). Their ideas led to two leading psycho-
logical theories of emotion in the 1960s. Darwin fostered Basic
Emotions Theory (Tombkins, 1962), and James paved the way
for the Cognitive Theory (Festinger, 1957; Arnold, 1960;
Schachter and Singer, 1962). In the late 1960s, Neuroscience
was emerging as a new discipline in parallel with the thriving cog-
nitive movement in psychology. But unlike psychology, emotion
was not a topic of much interest in neuroscience, at least com-
pared to research on sensory and motor functions, language,
thinking and reasoning, and learning and memory.

Changing Lanes
I received an undergraduate degree in business administration in
1971 and in 1974 a master’s degree in marketing, both from
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Louisiana State University. Midstream during my undergraduate
years, a political revolution was taking place, and business was
not a fashionable topic in the left-leaning political climate.
Psychology was much more acceptable, and I was able to stay
in step with my generation by taking as many psychology classes
as I could to understand and protect consumers from corporate
America. In the Fall of 1973, I registered for a course titled
“Learning and Motivation.” I thought it might be relevant to
my work on consumer behavior. But I was wrong. The class,
taught by Professor Robert Thompson, was about his research
on the brain mechanisms of memory in rats. My initial inclina-
tion was to drop the class. But as each session went by, I became
more and more intrigued and spent as much time as I could in his
lab. I didn’t do much in the way of hands-on research, but I
learned a lot and decided that I wanted to study the brain.
Things were pretty loose back then and by the end of the spring
semester I had been accepted into the Psychology PhD program
at SUNY Stony Brook.

My mentor was Michael Gazzaniga, who had become famous
for his work on consciousness in split-brain patients a decade
earlier. In the spring of 1978, 4 years after receiving my master’s
in marketing, I had earned a PhD studying consciousness in split-
brain patients. A key conclusion from my thesis was that the
human brain had evolved the capacity to generate stories: narra-
tions that prevent unconsciously controlled behaviors from chal-
lenging our sense of mental unity. Right around the same time,
The Integrated Mind, a book that Mike and I wrote about our
work on consciousness in these patients, was published
(Gazzaniga and LeDoux, 1978).

A minor part of my PhD research in the late 1970s involved
emotions. Mike observed that not much work was being done
on the brain and emotion at the time. Some scientists were flirt-
ing with emotion in the brain, and there were also researchers
working on topics related to emotion but with no explicit con-
nection to emotion (addiction, stress feeding, sexual behavior).
In short, there was not sufficient activity to move emotion for-
ward in neuroscience.

I saw this lack of focus and interest in emotion as an oppor-
tunity waiting to be embraced. Because the methods for studying
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the human brain were limited back then, I decided I would use
my limited experience with Thompson at LSU to study rats. I
had no illusion that I could study conscious emotion in rats,
but I thought that they would at least be useful for understanding
the brain mechanisms underlying human emotional behavior,
since the circuits involved were long thought to be shared
between humans and other mammals (Darwin, 1872; Cannon,
1929; Maclean, 1949). But there was a problem. I needed a lab.

Mike moved to Cornell Medical School in Manhattan in the fall
of 1978, and I continued to work with him studying patients with
neurological disorders. Knowing my interest in studying emotion,
he put me in touch with Don Reis, who directed the Neurobiology
Lab at Cornell Med. His research goal was to understand and treat
hypertension, i.e., high blood pressure. When we met, he explained
that he had a top-notch neuroscience group consisting of anato-
mists, physiologists, and molecular biologists. All he needed was
a behavioral researcher to round out the lab’s skill set.

He was understandably hesitant to hire me since I had rela-
tively little experience in animal behavior. But three things
were in my favor. First of all, talking about emotion made him
nostalgic. A decade earlier as a postdoc, he published a paper
on sham rage, an emotional behavior controlled by the hypothal-
amus (Cannon, 1929; Reis and Fuxe, 1968). The second thing was
that I had some understanding, or at least enough understanding,
of how to do behavioral studies of rats from my few months with
Thompson at LSU. And the third was something I did not find
out until I actually joined the lab. My predecessor had died sud-
denly, and Reis needed a replacement. I wasn’t the perfect candi-
date. I was just the right guy at the right time.

Researching Emotional Behavior
When I started in the Reis Lab, I was assigned the task of taking
on the work of my deceased predecessor. And to do that I had to
be trained on how to record blood pressure and heart rate in
freely behaving rats (Fig. 1). No, you don’t put a tiny cuff on their
arm. Instead, you have to insert a catheter into an artery and con-
nect the other end to a device that records the level of blood pres-
sure. Once I could do that, I started studying how measurements
of blood pressure and heart rate varied while rats went about
their daily activities of eating, drinking, grooming, exploring,
and sleeping. That was okay, but I was eager to get into the brain.

Research on the brain mechanism of behavior in mammals
had typically asked the question “What does a brain area like
the hippocampus or cerebellum do?” But studies of split-brain
patients taught me to think about how brain functions emerge
from information flow between brain areas and how that ceases
when the connections between those areas are damaged. I
adopted a behavioral task called defense conditioning, invented
by Ivan Pavlov (Pavlov, 1927) in the early twentieth century,
and renamed as Fear Conditioning by John Watson, the father
of behaviorism (1925). With it, a harmless sound, sight, or touch
paired with a mild shock becomes a warning signal of danger and
later elicits defensive behaviors like freezing or withdrawal. In the
1970s it was used by Eric Kandel (1976) to follow the flow of
information, step by step, from the sensory system that processes
the conditioned stimulus to the motor system that controls the
response. Pavlovian fear conditioning seemed to be the perfect
task for me to follow the information flow underlying emotional,
especially fear, behavior from sensory to motor systems in mam-
mals, particularly in rats (Fig. 2).

Costantino Iadecola was my best friend in the Reis lab. He was
studying the brain mechanisms underlying hypertension in rats
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Figure 1. Recording behavior and blood pressure in freely behaving rats. Blood pressure is
recorded via a catheter inserted into the thoracic artery in the neck. Pressure measurements
are fed through a transducer and presented on a monitor. At the same time, behaviors are
recorded on a keyboard. The two sets of data are sent to a central computer for storage and
analysis.

by measuring blood flow with a very new brain mapping tech-
niques, and I convinced him that it would be interesting to use
his procedure to identify neural pathways activated by emotional
stimuli in rats. The method had not been used to study brain and
behavior, and Reis gave us the green light, as he always liked
being first.

With this procedure you inject a radioactively labeled drug
called iodoantipyrine (IAP) into an artery and it travels in the
bloodstream to the brain. The amount of blood flowing into a
brain area is measured by the metabolic activity of the neurons
in the area. The more active the neurons are, the more metabolic
fuel they use, and the greater will be the amount of radioactivity.
If you present a stimulus for ~30 s after the injection, and then
kill the animal immediately, the amount of radioactivity in a
given brain area is an indicator of the amount of blood flow,
which approximates the level of neural activity the stimulus elic-
ited in the area right before death.

At the time, a similar radiographic approach called the
2-deoxy-p-glucose method was very popular. But it required
much longer exposure to stimuli. As a result, this procedure is
only suitable for examining the neuronal correlates of mental
or behavioral activities that can be effectively sustained in a pro-
longed steady state—30-45 min. The 30 s stimulus exposure of
the IAP method made it far more useful for relating neural activ-
ity to ongoing behavior.

Using the IAP method, we found high levels of neural activity
throughout the auditory areas of the brain but also found high
levels in brain areas previously implicated in emotional behavior,
including the hypothalamus (Cannon, 1929; Hess and Brugger,
1943; Bard and Mountcastle, 1948) and the amygdala
(Weiskrantz, 1956; Blanchard and Blanchard, 1972; Rolls,
1992). The results were published in the Science Magazine
(LeDoux et al., 1983).

During the 2 years we were doing the imaging study, I also
pursued a more traditional approach to brain and behavior.
I used lesions to disrupt auditory processing triggered by a
pavlovian fear conditioned tone. But there were two choices
about which area to lesion first. You could start at the origin of
the auditory system and lesion the nerves connecting the ear to
the brain, or you could start with lesions of the auditory cortex,
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Figure 2.
response as the noxious stimulus, in this case, freezing.

the highest level of auditory processing. Conventional wisdom
said that in order for an animal, whether rat or human, to mean-
ingfully respond to an external stimulus, that stimulus had to be
processed by the neocortical component of that sensory system.
So, it seemed that starting with the auditory cortex would be the
best way to approach the problem since we’d ultimately have to
go there anyway

But there was a hitch. While the auditory cortex had been well
demarcated in humans, monkeys, cats, and some other mam-
mals, its boundaries in rats were not well understood. The IAP
method provided a rough approximation of the location of the
auditory cortex, but I wanted more precision. Fortunately, a
methodological revolution was underway in neuroanatomy as a
result of new chemical methods for tracing connections between
neurons in different brain areas. Reis, of course, had these proce-
dures in his lab. When you inject one of these “tract-tracers” into
a brain area it is absorbed by the neurons in that area and trans-
ported down the axons to their target connections. In our case we
injected the tracer into the auditory thalamus, which was known
to send auditory information to the auditory cortex in all mam-
mals. The location of the tracer defined the auditory cortex.

We used this information to make lesions that damaged the
entire auditory cortex. Given that the auditory cortex was
assumed to be required for meaningful information processing
of sounds, what we discovered was quite surprising. Complete
damage to the auditory cortex in both hemispheres had no
effect on pavlovian fear conditioning (Fig. 3).

Next, we lesioned the auditory thalamus, which eliminated
the ability of rats to express freezing and cardiovascular
responses to the tone paired with shock. Now we were really
on to something. All we had to do was figure out which areas
besides the auditory cortex might be targets of the auditory thal-
amus. To do this we did additional tracer studies and found that
besides connections with the auditory cortex, there were thalamic
connections with several subcortical areas, including the hypo-
thalamus and amygdala and striatum, which confirmed the
IAP results. It’s nice when different approaches tell you the
same thing! We then lesioned each and found that lesions of
the hypothalamus had no effect, but lesion of the amygdala
and striatum did. This tract-tracing/lesion study was my first
publication in the Journal of Neuroscience (LeDoux et al., 1984).

“Emotion Is Not a Neuroscientific Topic”

With my 1983 Science and 1984 Journal of Neuroscience papers
published, I was sure that I had what I needed to get my first
NIH grant proposal funded. Alas, the grant was rejected flat
out for two reasons. One was because “emotion is not a

Pavlovian fear conditioning in rats. When a salient but harmless stimulus (a sound) is paired with a noxious stimulus (electric shock), the harmless stimulus begins to evoke the same
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Figure 3.  The auditory pathways underlying fear conditioning. The auditory nerve trans-
mits information about sound to the auditory brainstem, which transmits information to the
inferior colliculus, which transmits information to the thalamus, which in turn sends the infor-
mation to the auditory cortex. Lesions of the inferior colliculus or auditory thalamus disrupt
auditory conditioning, but lesion of the auditory cortex does not. Such results give clues about
the pathways underlying conditioning.

neuroscientific topic”—clearly a behaviorist assumption of emo-
tion as conscious feelings. The other reason was that I was using
pavlovian fear conditioning without including the “crucial non-
associative control group” necessary to show that the conditioned
response was learned associatively. But both concerns seemed
irrelevant since I was not studying either conscious emotions
or learning.

I quickly figured out what was going on. The young field of
neuroscience, in an effort to earn its stripes as a serious scientific
area, had left “emotion” off the menu—it was too subjective, too
“Freudian.” Most researchers studying brain and behavior were
trained in the behaviorist tradition and called themselves beha-
vioral neuroscientists. They populated the study of learning
and memory, and it is very likely that the reviewer who rejected
my grant submission was in that camp. I decided that if minimiz-
ing my use of the word “emotion” and adding a nonassociative
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control group was all I needed for funding, that’s what I would
do. And indeed, the grant was funded the next round. But I
knew emotion was not going to be accepted any time soon. So,
to protect my good fortune, I essentially disguised myself as a
pavlovian fear conditioning researcher who was focused on
learning and memory. I only mentioned emotional conscious-
ness in review articles. As an aside, I think the reason there
was not much emotion research in neuroscience was because it
was not easy to get funding, and many who did get funding,
like me, succeeded by turning to studies of learning and memory.

Learning and Memory as My Cover

The hottest topic in behavioral neuroscience in the mid-1980s
was the role of the hippocampus in learning and memory. All
one had to do to realize this was to attend the annual meeting
of the Society for Neuroscience, where rows and rows of posters
focused on the hippocampus, touching on various subthemes,
especially place cells, spatial learning, and long-term potentia-
tion. I walked the aisles with both awe and curiosity. I had a
poster on fear conditioning and the amygdala, a topic that was
hardly represented at all at the meeting. It was there that I met
Bruce Kapp, who was also working on fear conditioning and
the amygdala and had a poster next to mine. Michael Davis
also had a poster on using fear conditioning to measure the
extent to which a pavlovian conditioned stimulus, a light in
this case, potentiated startle responses. His poster was about
the role of the visual cortex in fear-potentiated startle, but he
soon ended up studying the amygdala as well. The three of us
became close friends and colleagues and played key roles in mak-
ing research on the amygdala and fear conditioning a hot topic in
the field of learning and memory.

I followed up on my 1984 paper in the Journal of Neuroscience
to examine in more detail which subcortical areas were poten-
tially involved in controlling emotional behaviors. As was the
case with the auditory cortex, the auditory thalamus was not
well defined in rats. We therefore started by identifying its
boundaries and subareas based on work in other mammals
(Morest, 1964; Winer and Morest, 1983a,b).

Our 1984 study had used anterograde tracing of connections
from the auditory thalamus to subcortical areas. With “retro-
grade tracing” we found that injections into the amygdala and
striatum labeled cells within the auditory thalamus but injections
into the hypothalamus only showed connections to cells sur-
rounding the auditory thalamus. Perhaps most important, the
retrograde tracing results also showed that the areas of the audi-
tory thalamus that send connections subcortically to the amyg-
dala and striatum were different from areas that connect with
the auditory cortex. The study was published in The Journal of
Comparative Neurology (LeDoux et al., 1985). An important
follow-up study showed that lesions of the amygdala disrupted
fear conditioning, but lesions of the striatum did not (Iwata et
al.,, 1986). Bingo! We therefore had good evidence that the amyg-
dala was a key structure that received auditory inputs and con-
trolled emotional behavior. But to be clear, the fact that we had
found a subcortical thalamic auditory route to the amygdala
did not mean that the auditory cortex did not also send inputs
to the amygdala in fear conditioning. When we completely
lesioned auditory cortex, the thalamic pathway worked fine
and when we lesioned the thalamic pathway, the cortical pathway
worked fine (Romanski and LeDoux, 1992).

To summarize, our studies identified two sensory routes to the
amygdala. The thalamic pathway sends crude but fast auditory
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information to the amygdala, while the cortical pathway sends
more complex auditory information more slowly. The two routes
came to be called the low and high roads to the amygdala (Fig. 4).
Over the years fMRI, electrical recordings, and tracing studies in
humans supported our conclusion about a thalamic shortcut, a
low road to the amygdala (Morris et al., 1999; Luo et al., 2010;
Tamietto and de Gelder, 2010; Rafal et al., 2015; Kragel et al.,
2021).

Some years earlier, Bruce Kapp had found that central amyg-
dala output connections to the brainstem controlled heart rate
responses elicited by the conditioned stimulus (Kapp et al,
1978, 1979; Schwaber et al., 1980). But it was not known if freez-
ing and blood pressure were also controlled by outputs of the
central amygdala. Tracing studies by others had shown that the
central amygdala was connected with the lateral hypothalamus
and the periaqueductal gray area, both of which had been impli-
cated in emotional behaviors and blood pressure control. We
therefore explored the effects of lesions of these areas on fear con-
ditioning. The results, published in the Journal of Neuroscience
(LeDoux et al., 1988), showed that the central amygdala did
indeed control all three of the responses we were studying, but
it did so by way of different output connections: freezing
depended on connections of the central amygdala to the rostral
periaqueductal gray, and from there to brainstem areas that con-
trol skeletal motor neurons; blood pressure depended on connec-
tions to the lateral hypothalamus, and from there to the rostral
ventral lateral medulla, which controls the sympathetic nervous
system; and heart rate, as Kapp showed, depended on connec-
tions to brainstem areas that control the parasympathetic ner-
vous system (Fig. 5).

A key issue at that point was whether the central amygdala
might be the major link from the auditory system to the down-
stream outputs. But our tracing studies did not find robust audi-
tory connections to the central amygdala. Instead, we found that
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Figure 4.  The low and high roads to the amygdala. Tract tracing and other studies have
shown that auditory information reaches the amygdala via two pathways: relatively simple
auditory information travels directly from the thalamus to the amygdala to enable quick
responses, but more complex information arrives more slowly, via the auditory cortex.
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auditory inputs mainly entered the amygdala via its lateral
nucleus (LeDoux et al., 1985). When our lateral amygdala results
were combined with the central amygdala findings, we had a
rough picture of how a conditioned tone makes its way through
the auditory system to the lateral amygdala, then to the central
amygdala, and from there to the control of various emotional
responses. But at that time we did not have strong behavioral
data to support the idea.

An Opening for Emotion

My lab’s work focused exclusively on objectively measurable con-
ditioned fear responses—freezing, blood pressure, and heart rate.
But, as I've mentioned, I also wrote about subjective emotional
consciousness in reviews, typically toward the end of the chapter.
This made me feel like I was still somewhat in the emotion game.
Yet, the truth was, these academic publications had low distribu-
tions and were not well read. But in 1987 that changed. I wrote a
chapter titled “Emotion” in a book called Higher Functions, a vol-
ume of the prestigious Handbook of Physiology (LeDoux, 1987).
The editor of the volume was Fred Plum, a leading neurologist of
his day, and the Handbook Editor was Vernon Mountcastle, one
of most prominent neurophysiologists of his day. In my chapter I
summarized the history of emotion research from the late nine-
teenth century to the present and used fear conditioning research
to illustrate how modern neurobiological techniques are helping
us understand emotional behavior circuits in the brain. And, of
course, at the end of the chapter I pontificated about emotional
consciousness in the brain.

Given the lowly status of emotion in neuroscience, why did
Mountcastle and Plum, both powerful neuroscientists, publish
such a chapter? They both became brain researchers in the
mid-twentieth century, Mountcastle by studying physiology
in animals and Plum by his work on neurological patients. In
medical settings, they were isolated from behaviorist doctrine.
Mountcastle, in fact, had done research on emotion early in his
career (Bard and Mountcastle, 1948), and Plum, through his
work on consciousness in coma patients, was interested in
emotional suffering (Plum and Posner, 1966). But I still had
to tread carefully, as I never knew when anti-emotion and/or
an anti-consciousness behavioral neuroscientist might be
reviewing my grants and research articles. But the support by
Mountcastle and Plum gave me the nerve to be more aggressive
about “emotion.” In fact, I started putting “emotion” in the title
of review articles I wrote. Mike Davis, my behaviorist-trained
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Figure 5.  Different outputs of the central nucleus of the amygdala control different kinds
of Responses. Heart rate is transmitted in one output, blood pressure another, and freezing
still another. See main text for details.
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amygdala colleague, once asked why I talked about emotion
so much. But a few years later, even he was also using the “E”
word.

A Lab of My Own

By 1989 I had been in the Reis lab for more than a decade and felt
it was time to move on. But I wanted to stay in New York City, so
I applied for a position in the new Center for Neural Science at
New York University. Much to my surprise, I got the job. I was
both very excited and anxious about how things would go in
this rigorous, physiology-based, math-loving environment. The
fact that I was using state-of-the-art scientific methods and was
well funded had gotten me hired. As luck would have it, I got
an immunization against my anxiety 2 weeks before my appoint-
ment started. On August 15, an article about my research by sci-
ence writer Daniel Goleman came out in the Science Times
section of the New York Times (Goleman, 1989). The title was,
“Brain’s Design Emerges as a Key to Emotions.” Goleman was
particularly attracted to the subcortical thalamic shortcut to the
amygdala that allows us to react before we know what we are
reacting to. My work was mainly known by a handful of neuro-
scientists who were also studying emotion in the brain, such as
Jeffrey Gray, Edmund Rolls, John Aggeleton, James McGaugh,
Trevor Robbins, Barry Everitt, Antonio Damasio, Richard
Davidson, and Jaak Panksep. Thanks to Goleman, that changed
instantly, as I suddenly had new scientific and lay followers.

During much of my first year at NYU, I spent time wrapping
up four studies that started in Reis’s lab. They were all about the
lateral nucleus of the amygdala. I had had, since the early 1980s, a
sense that the lateral amygdala was an important sensory input
zone of the amygdala for fear conditioning (LeDoux et al,
1983). But a set of four studies showed just how important the
lateral amygdala was. One study used anterograde and retrograde
tract tracing to unambiguously demonstrate that the LA was the
main amygdala recipient of auditory information from the thal-
amus (LeDoux et al.,, 1990b). We confirmed these connections
physiologically by recording neural activity in the lateral amyg-
dala in response to stimulation of the auditory thalamus
(Clugnet et al., 1990). Next, we showed that lesions limited to
the lateral amygdala disrupted auditory fear conditioning of
freezing, blood pressure, and heart rate (LeDoux et al., 1990a).
And the fourth study demonstrated that high-frequency stimula-
tion of axons from the auditory thalamus to the lateral amygdala
induced lasting synaptic plasticity in the form of long-term
potentiation (LTP) in the lateral amygdala (Clugnet et al,
1990). It was quite exciting that all four papers were published
in the same volume of the Journal of Neuroscience, with three
of them back-to-back in the same issue. These four studies helped
the amygdala become the second most popular brain area in
research on learning and memory. But most important to us
was that we now had evidence that the conditioned tone makes
its way through the auditory system to the lateral amygdala,
then from there to the central amygdala to control the different
responses (Fig. 6).

LTP had mostly been used to study memory in the hippocam-
pus. But it seemed that pavlovian fear conditioning in the lateral
amygdala might be better suited than hippocampal spatial learn-
ing tasks for connecting LTP, synaptic plasticity, and memory
together. The reason was that the connection between weak
and strong stimuli was more obvious in the lateral amygdala
than the hippocampus. This led some researchers who were using
knock-out and transgenic mice to study LTP in the hippocampus
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Figure 6.  The lateral nucleus (LA) is the sensory gateway to the amygdala and the central
nucleus (CE) is the behavioral and physiological output (see details in main text). Lesions and
tract tracing studies suggested that auditory information primarily reaches the amygdala via
the lateral nucleus, which distributes the information to other amygdala areas.

to turn instead to studies of the lateral amygdala to identify the
genes and proteins involved in LTP and fear conditioning.

Finally, Emotion Made It Onto the Neuroscience

Menu

During my early tenure at NYU (1989-1995), my laboratory
maintained a prolific publication schedule, writing about 50
scientific articles and reviews. In the latter, I emphasized an
important distinction, namely, between emotional memory and
memory about emotion.

Unconscious/implicit memories (emotional memories) were
acquired and stored by the amygdala, while conscious/explicit
memories (memories about emotion) were acquired and stored
by the hippocampus and related areas of the medial temporal
lobe.

In 1994 my work on the “thalamic short-cut” was popularly
illustrated by a hiker freezing before a rattlesnake. It hit the main-
stream via a Scientific American article, “Emotion, Memory and
the Brain” (LeDoux, 1994). That, along with the coverage by Dan
Goleman in the New York Times, thrust me into the public eye.
I was thinking about writing a book for the lay public on the
implications of the work my lab had done. At the time, writing
for a lay audience was a controversial move for a serious scientist,
especially a young one; many colleagues viewed it as
“undignified.” However, I saw peers like Steven Pinker, Mike
Gazzaniga, and Antonio Damasio (Damasaio, 1994) finding
great success. With Mike’s encouragement I decided to take the
leap.

The Emotional Brain was published in 1996 (LeDoux, 1996)
by Simon and Schuster. Looking back, I believe that my book
and Damasio’s collectively catalyzed a new era of interest in emo-
tion research among scientists and the public alike. This shift also
sparked a 25 year collaborative journey with Elizabeth Phelps,
allowing my research on emotional behavior to expand beyond
rats to humans (Labar et al., 1995; 1998; LeDoux and Phelps,
2000, 2008; Phelps and LeDoux, 2005; Schiller et al., 2010;
Wen et al.,, 2024).

In the mid-1990s my lab was becoming very involved in the
cellular and molecular mechanisms in the amygdala that underlie
LTP and fear conditioning (Farb et al., 1995; Li et al., 1995;
Weisskopf and LeDoux, 1999; Weisskopf et al., 1999; Bauer
et al., 2001; Schafe and LeDoux, 2000; Schafe et al., 2000; Blair
et al., 2001; Rodrigues et al., 2001; Rogan et al., 2001). By 2000,
our focus shifted from memory consolidation to reconsolidation
(Nader et al., 2000; Schafe and LeDoux, 2000; Doyere et al., 2007;
Monfils et al., 2009; Schiller et al., 2010). And by 2010, we were
using optogenetics to dive deeper into mechanisms that defini-
tively related LTP to fear conditioning (Johansen et al., 2011).

BASIC EMOTIONS VIEW
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Subjective

Threat —» —> Fear Responses
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Threat —»
System

— Fear Responses
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Figure 7. Two traditional views of fear in the amygdala. Researchers in the legacy of
Darwin viewed subcortical areas like the amygdala and periaqueductal gray area as respon-
sible for both the conscious experience of fear and its behavioral and physiological correlates.
However, researchers trained in the tradition of behaviorism had little interest in conscious
feeling and simply used the same term, “Fear” for behavioral and physiological responses.

Rethinking Emotion

Emotion was a thriving research topic in animal and human neu-
roscience throughout the 2000s and into the 2010s. A good deal
of research in my lab continued on the use of pavlovian fear con-
ditioning to study reconsolidation (Diaz et al.,, 2013; Schiller
et al., 2013), and we also did considerable work on the relation
of fear conditioning to avoidance behavior (Cain and LeDoux,
2008; Choi et al., 2010; Campese et al., 2013; Martinez et al.,
2013). But I was concerned. There was nothing wrong with
the research we and others were doing on the amygdala. The
problem was with the way the results were being conceived by
the whole filed at large. The underlying assumption was that
the amygdala was a “fear center.” And not just in science.
Putting “amygdala and fear” into a Google search bar back
then yielded millions of hits. The word “amygdala” showed up
in novels, blogs, movies, TV shows, podcasts, plays, songs, legal
defenses, and on and on. The amygdala fear center had become
a bona fide cultural meme among scientists and in the lay public.

But there were two versions of the fear center in the 2000s
(Fig. 7). For some scientists, especially those with a Darwinian,
basic emotions perspective, the amygdala and related areas
were viewed as being responsible for both conscious feelings of
fear and behavioral and physiological correlates (Panksepp,
2005). But for those from a behaviorist perspective who had no
interest in consciousness, the amygdala simply controlled beha-
vioral and physiological fear responses nonsubjectively. In short,
both perspectives put fear in the amygdala, with it being a subjec-
tive experience that underlies emotional behaviors in one case
and it being primarily a controller of objective emotional behav-
iors in the other.

In 2012, I published “Rethinking the Emotional Brain” in
Neuron (LeDoux, 2012). In it, I rejected both of the amygdala
fear center ideas, relabeling the amygdala a defensive survival cir-
cuit (Fig. 8).

I used the amygdala subjective fear center idea as one example
of the confusing state of affairs in emotion research. Specifically, I
proposed that the feeling of fear and the behavioral and physio-
logical responses that co-occur with it depend on different cir-
cuits. Because the two circuits are activated simultaneously by
the same external stimulus, we intuit that the feeling of fear
must be the cause of our responses. But, I argued, this is a
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Figure 8. A new view. The amygdala is home to an ancient defensive survival circuit that
controls behavioral and physiological responses when one is in danger. It is neither a subjec-
tive fear center nor a nonsubjective fear center.
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Figure 9.  Subjective feelings of fear and objective behavioral and physiological responses
are triggered by the same threatening stimulus. Subjective fear objective responses seem so
entwined because they are both products of the same situation—the presence of danger (see
main text for the consequences of that conflation).

confusion resulting from the mere correlation of the two events
in time. I also questioned the objective fear concept, proposing
that mental state terms like “fear” only be used to describe con-
scious emotional states or feelings and that behavioral and phys-
iological correlates be referred to as defensive survival responses
(Fig. 9). Both camps pushed back. Basic emotions theorists
argued that subjective fear is a subcortical process (Panksepp et
al,, 2017) and behaviorist leaning researchers argued that subjec-
tive fear is a quaint fiction (Fanselow and Pennington, 2017).

I believed that the failure of psychiatry to deliver effective
treatments for disorders involving fear and anxiety was due to
the conflation of the amygdala’s control of ancient defensive sur-
vival circuits with cognitive circuits that construct conscious feel-
ing of fear and other emotions. The two occur in parallel and are
not one and the same. Drugs that change animal behavior and
physiological responses can help tame behavioral and physiolog-
ical symptoms but will never effectively relieve the subjective feel-
ings of fear or anxiety that prompt people to seek help in the first
place.

I continued this effort, especially focusing on the clinical
importance of distinguishing subjective conscious feelings from
responses based on survival circuits, publishing my ideas in arti-
cles in various journals, including PNAS (LeDoux, 2014, 2020;
LeDoux and Brown, 2017), Trends in Cognitive Sciences
(LeDoux, 2017), Current Biology (LeDoux, 2020, 2021), Nature
Reviews Neuroscience (LeDoux and Daw, 2018), Nature
Reviews Psychology (Lau et al, 2022), Current Trends in
Behavioral Sciences (Mobbs and LeDoux, 2018), American
Journal of Psychiatry (LeDoux and Pine, 2016), Philosophical
Transactions of the Royal Society of London B (LeDoux, 2020),
Molecular Psychiatry (Taschereau-Dumouchel et al., 2022), and
Trends in Neurosciences (Rust and LeDoux, 2023), as well as in
books targeted to lay and scientific audiences, including
Anxious (LeDoux, 2015), The Deep History of Ourselves
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(LeDoux, 2019), and The Four Realms of Existence (LeDoux,
2023). The latter book closed the circle of my 50 year interest
in consciousness with a mechanistic hypothesis about how nar-
rations prevent unconsciously controlled emotional behaviors
from challenging our conscious sense of mental unity.

Coda

In retrospect, after all these decades I have a better understanding
of why some neuroscientists in the 1980s were suspicious about
whether emotion could be studied the same way that processes
like sensation, movement, perception, and memory were. To
the extent that I succeeded in helping emotion prosper in neuro-
science, it was because I framed much of my early work around
the topic of pavlovian conditioning, studying emotional behavior
as a sensory-motor and memory problem, and hence separate
from the emotional consciousness problem. But the zeitgeist
went in a different direction, either conflating the brain mecha-
nisms underlying emotional behavior with those that construct
emotional experiences or ignoring emotional experiences alto-
gether. I am now retired, but I continue my efforts to make emo-
tion a more rigorous topic in neuroscience.

I believe that a new approach is needed, one that fuses the
science of emotion with the science of consciousness. Such a sci-
ence of emotional consciousness does not presently exist for
two reasons. One is that researchers who study emotion in
the brain have had relatively little interest in and knowledge
about the science of consciousness. And the other is that con-
sciousness researchers are far more interested in the conscious
perception of visual stimuli than in emotional consciousness.
Both fields are diminished by mutual ignorance of the other,
and much could be gained if emotion researchers accepted
that emotions are fundamentally conscious experiences, and if
consciousness researchers accepted that emotions are our
most important conscious experiences.

I was especially pleased to be asked to by the Society for
Neuroscience to write this piece and to deliver the 2025
History Neuroscience Lecture on “The Troubling Problem of
the Emotional Brain.” This lecture offered a historical context
for challenging issues in modern-day work on Emotion and
Consciousness that has roots in similar problems in the late nine-
teenth century. One problem was the assumption that if a beha-
vior seems conscious in humans, the person must be conscious,
and another was if animal behaves in a way similar to a human in
a similar situation, it too must be conscious. Empirical grounding
for both claims were lacking and led to the ban of consciousness
in the first half of the twentieth century (LeDoux et al., 2020;
LeDoux, 2021; 2023; 2025). The ban is long gone, but the
same problems are returning. Consciousness is again being
assumed based on intuition rather than rigor (LeDoux, 2023,
2025; Taschereau-Dumouchel et al., 2026). I am not saying I
have the answer. But I do believe that we need to ratchet up on
rigor.

I conclude with a point I made at the beginning about the mis-
use of language:

“If we don’t know what we are looking for, we will surely
fail to find it, and we will mislead ourselves and others in
the process.”
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