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The computations of a traumatized mind: a latent cause model of Post-Traumatic Stress

Disorder

Francesco Rigoli, City University of London

Abstract

In cognitive psychology, a recent perspective based on the notion of Latent Cause (LC) has offered
new insight on how learning and memory work. Here | explore the implications of this novel
perspective to understand Post-traumatic Stress Disorder (PTSD). The proposal is that, because of a
propensity to interpret events as manifestations of multiple LCs (a propensity facilitated by
experiencing traumas in childhood), PTSD patients would form a LC associated with the trauma
which would be responsible for typical symptoms of the illness (specifically, intrusive symptoms and
associated fear). Moreover, after the trauma, some patients would develop a second LC, now
associated with presence of trauma-related cues combined with absence of danger. Development of
the latter LC would interfere with extinction and explain why, for some patients, exposure to trauma-
related cues (even when supported by interventions such as exposure protocols) fails to provide much
improvement. This proposal has potential clinical implications, raising the possibility that some
patients might benefit from exposure to mildly painful aspects of the trauma in conjunction with

trauma-related cues.
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Introduction

Months after being involved in a severe car accident, Philip continued having recurrent nightmares
about the accident, experienced distressing images and memories about it, and was very anxious every
time he drove the car again. Moreover, at times, he had flashbacks where he re-experienced the
moments when, right after the crash, he was entrapped in the car with an excruciating pain and
panicking about his two daughters, who were also there (likely, the two girls eventually reported only
minor injuries). This brief description is typical of Post-Traumatic Stress Disorder (PTSD), a mental
illness characterised by two broad sets of symptoms: (i) pervasive negative thoughts and affect (with
associated physiological repercussions such as hyperarousal and recklessness) and (ii) intrusive
symptoms such as images, thoughts, nightmares, and flashbacks about the traumatic event,
accompanied by intense fear.! Intrusive symptoms tend to arise preferentially following exposure to
trauma-related cues. Because of the distress accompanying the symptoms, patients often avoid

trauma-related cues in order to prevent the symptoms to arise.

What are the psychological mechanisms responsible for the development and maintenance of PTSD?
Classical conditioning theories provide some of the most insightful approaches to this question.?
These rely on the simple idea that, when a highly aversive experience (an unconditioned stimulus
(US)) occurs in a certain situation (a conditioned stimulus (CS)), an association is established between
the CS and the US. Thus, subsequent exposures to the CS will elicit an expectation of the US and in
turn a strong fear response. This mechanism would underpin PTSD, where the traumatic event and
trauma-related cues would play the role of US and CSs, respectively. This perspective prescribes
repeated exposure to the CS as treatment.®” This is based on the reasoning that, if the CS is presented
time after time, its association with the US should progressively dissolve. However, spontaneous
behaviour of PTSD patients would often hinder extinction insofar as patients tend to avoid trauma-
related cues (given the distress elicited by these cues), thus preventing any experience of these cues in
the absence of the US. Exposure therapy would help patients to resist avoiding trauma-related cues,
hence enabling extinction to occur. Classical conditioning theory offers an elegant explanation of why

exposure to trauma-related cues (the CS) is likely to trigger intense fear, which is a key aspect of



PTSD. Furthermore, its recommendation to adopt exposure as treatment has proved to be successful.®
" However, albeit being one among the most well-established treatments of PTSD, exposure therapy
fails to be resolutive for some patients: following repeated re-experience of trauma-related cues in
safe conditions, some patients report only limited improvement, while another group of PTSD
sufferers scarcely manifest any progress at all.>” Understanding why exposure therapy is of limited
effectiveness with some patients appears to be paramount. With this regard, possible factors have
been highlighted by research:®" for example, certain psychiatric medications (e.g., benzodiazepines)
appear to interfere with the efficacy of exposure therapy, and dropouts are not uncommon (e.g., due to
stigma, logistical barriers, perceived need for treatment, or scarce toleration of exposure). Yet, these
factors do not fully explain why exposure therapy is of limited effectiveness with some patients.
Insight on this can be gained by assessing recent advancements in learning and memory literature, and
by examining how these advancements might inform our understanding of PTSD. Based on this logic,
here | consider a recent new perspective on learning and memory and assess its implications for
understanding PTSD. This new perspective is grounded upon the notion of Latent Cause (LC),
arguing that, based on experience, the brain infers the existence of a set of LCs, each associated with a
cluster of probabilistic events.®™® This perspective has shed new light on apparently puzzling
phenomena in the domain of learning and memory (as will be examined below). Here | explore the
possibility of interpreting traumatic memories in PTSD as manifestation of a LC learnt during the
traumatic event. After a brief overview of previous research on LCs, the paper assesses whether this

line of enquiry can provide any new insight to understand PTSD.

Latent cause theory

The concept of LC has been thoroughly investigated in the context of classical conditioning
paradigms.®*° In these paradigms, during the acquisition phase, a CS is repeatedly paired with a US
with some probability. When this phase is completed, an animal typically exhibits a fear response
when presented with the CS alone. This is sometimes followed by an extinction phase in which the
CS is presented many times without any US. This phase is characterised by a progressive diminution
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of the fear response. Traditional interpretations of the mental processes engaged during classical
conditioning (e.g., the Rescorla-Wagner rule) posit that every new experience affects the strength of
the association between the CS and the US, in turn determining the vigour of the ensuing fear
response.’® Thus, the acquisition phase would strengthen the CS-US association, leading to a
progressively more vigorous fear response, whereas extinction would loosen the CS-US association
and diminish the response vigour. However, a puzzling observation for standard interpretations of
classical conditioning is the evidence that, after being extinguished, the fear response often re-
emerges spontaneously.t”*® For instance, although immediately after extinction no fear response is
displayed, this response might reappear later when an animal is placed again in the experimental
chamber. Spontaneous fear reinstatement is hard to reconcile with traditional models of classical

conditioning, because these predict that any CS-US link should be vanished after extinction.

To explain spontaneous fear reinstatement (as well as other puzzling aspects of aversive behaviour), it
has been argued that learning in the brain relies on inferring the LCs underlying sensory
experiences.!*1? A LC is a discrete category, distinct from alternative categories, assumed to be the
cause of a set of sensory inputs. When, expressed by an array of sensory inputs, a hew event occurs,
the brain would perform two main forms of inference (typically modelled in Bayesian terms, where
novel evidence is integrated with prior beliefs).!?° First, it would infer what the underlying LC is,
with options being that the event belongs either to a familiar LC (i.e., one already experienced in the
past) or to a new LC (i.e., one never experienced before). This inference depends on judging to what
extent the event (specifically, the accompanying array of sensory inputs) resembles the prototypical
expression of each LC; if the resemblance is poor, a new LC is invoked. Establishing whether a new
LC should be postulated would not depend only on how well the event fits with available LCs, but
also on prior beliefs about whether events tend to cluster to few LCs or to spread among many LCs.
This prior belief is captured by a spreading parameter, with higher values of this parameter capturing
a tendency to invoke new LCs for new events.'?° Experiencing a new event is accompanied by a
second form of inference: if the event is judged to belong to a familiar LC, then the brain would need

to update its beliefs about that LC (formally, to update its parameters), whereas, if the event is judged



to belong to a new LC, then the brain would have to estimate the characteristics (i.e., parameters) of

this LC anew.

Let us apply this logic to interpret classical conditioning.!*!? During acquisition, a new LC (a
conditioning LC) would be formed, with both the US and the CS combined reflecting its sensory
expression. At the start of extinction, despite exposure to the CS, absence of the US would be
interpreted by an animal not as an expression of the conditioning LC, but of a newly encountered LC
(a CS-alone LC). In other words, after extinction, two LCs would now coexist in memory, one (the
conditioning LC) associated with a co-occurrence of both the US and CS, and the other (the CS-alone
LC) associated with occurrence of the CS but with absence of the US. Thus, the conditioning LC
would be totally unaffected by extinction. The consequence of this would be that, after some time,
presenting the CS might activate either LC, thus explaining the spontaneous reinstatement of the fear

response (occurring when the conditioning LC is retrieved from memory).

In addition to explaining spontaneous fear reinstatement, this perspective offers a possible solution for
establishing a durable extinction.”® To ensure such durable extinction, it is necessary to devise a
strategy to access the conditioning LC in such a way that this can be modified, preventing the
formation of a CS-alone LC. This strategy consists in a gradual, rather than abrupt, extinction.®® For
example, a gradual extinction is obtained by presenting a progressively milder US following the CS,
the logic being that, now that both CS and US co-occur (albeit the latter in a milder form), the brain
will attribute the event to the conditioning LC, rather than envisaging a new LC. At the same time, it
is important that, during extinction, a progressively milder US is delivered, in order to elicit new
learning and modify the beliefs about the conditioning LC. If carried out with balance (the intensity of
the US should be neither too weak, to avoid creation of the CS-alone LC, nor too strong, to ensure
new learning), the prediction is that gradual extinction should ultimately erase the expectation
(encoded in the conditioning LC) that the CS is associated with the US. This prediction has received
initial empirical support by data showing that a gradual extinction can prevent spontaneous fear

reinstatement.®



Overall, the LC framework offers a compelling new perspective about the mental processes involved
during classical conditioning. Given that in PTSD a traumatic experience plays a role similar to the
role played by a US in classical conditioning, applying the LC framework to understanding PTSD
appears as a promising endeavour. Thus, the next section proposes a Latent Cause Theory of PTSD

(LCT-PTSD).

A Latent Cause Theory of PTSD

Let us follow the vicissitudes of three fictional characters: Philip, Tom, and Jack. Despite all three
experience the same severe car accident, Philip alone develops PTSD after the accident. Let as apply
the logic followed by the LCT-PTSD to explain why Philp, but not Tom nor Jack, ends up suffering
from this mental illness. Within the LCT-PTSD, two time points can be regarded as critical; the time
of the car accident, and the few months after the accident has occurred (fig. 1). Let us start focusing
on the time of the car accident. Like any other extremely negative event (e.g., war, natural disasters,
rape, etc.), the car accident urges the brain to establish whether this event maps to a previous or to a
new LC. Some people might invoke a new LC, while others might assign the event to an old LC (fig.
1). Regarding our three characters, let us suppose that Philip and Jack associate the car accident to a
new LC, while Tom does not. The LCT-PTSD argues that: (i) a prerequisite for PTSD to develop is
that the brain assigns an extremely negative event to a new LC (as in Philip’s case); (ii) assigning the
event to a new LC is not sufficient for PTSD to emerge (as in Jack’s case); (iii) people who assign the

event to an old LC will not develop PTSD (as in Tom’s case).

Below, we will examine why, according to the LCT-PTSD, assigning the event to a new LC is
necessary but not sufficient for PTSD to ensue. But first let us ask another question: why would some
people (e.g., Tom) assign the same extremely negative event to an old LC while other people (Jack
and Philip) assign it to a new LC? Two factors might be at play. A first factor might be to what extent
the extremely negative event fits with available latent LCs. Paradoxically, people who are more
accustomed with similar negative events might be less predisposed to invoke a new LC. For example,
imagine that Tom is a medical doctor often working in the ambulance, and hence familiar with scenes
of severe car accidents (albeit involving other people). This prior experience might induce Tom to
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assign the occurrence of the own car accident to a previous LC associated with being in car accident
settings. Conversely, imagine that Jack and Philip have no previous experience of car accidents at all.
This lack of experience will induce them to invoke a new LC associated with their own car accident.
The LCT-PTSD proposes that a second factor affecting whether an extremely negative event is
mapped to a new LC or not is the spreading parameter (as introduced above), capturing a propensity
to associate new LCs to new events.!® In our example, imagine that Tom has a low spreading
parameter, Jack has an intermediate parameter, and Philip has a high parameter. Individuals
characterised by higher spreading parameter would be more likely to assign the event to a new LC.
This raises the question of where the spreading parameter originates. The LCT- PTSD argues that, in
conjunction with predisposing genetic factors, past experience concerning negative events plays a key
role in shaping this parameter. Making negative experiences that are very diverse would teach the
brain that the world’s structure encompasses several LCs, each associated with only few events.
Conversely, less variegated negative experiences would promote the belief that fewer LCs exists, with
numerous events clustering around each LC. This idea implicates that experiencing highly negative
and unusual events in childhood (e.g., physical or sexual abuse, severe illnesses, or death of intimate
figures) might promote a higher spreading parameter, in turn predisposing towards interpreting highly
negative events occurring in adulthood as belonging to a new LC. This fits with empirical evidence
indicating that traumas occurred in childhood predispose adults to develop PTSD.?*?2 Within the

LCT-PTSD this predisposition is reflected in a high spreading parameter.

Let us now analyse why, according to the LCT-PTSD, PTSD is not developed by people who assign
the extremely negative event to an old LC (fig. 1). Consider Tom as an example. Tom connects the
own car accident to the old LC associated with being in car accident settings. This new experience
prompts Tom to update his beliefs about the old LC, which now will appear as more negative.
However, the level of negativity for this LC will not be extreme; this is because the LC is associated
with the experience of the own car accident, arguably imbued with extreme negative value, but also
with other situations, which are appraised as not so extreme. The consequence of an increased

negative value attributed to the old LC might be a mild increase in anxiety when, right after the own



car accident has occurred, the LC is activated (e.g., when driving or when working in the ambulance
again). However, every time this LC is retrieved but nothing as bad happens, beliefs are updated in a
way that the LC will appear as progressively less negative. In a relatively short amount of time, any

anxiety that can be traced back to the own car accident will be vanished.

Let us now consider what happens to Jack and Philip, who both attribute the car accident to a new
traumatic LC. Being such LC new, it encompasses only memory traces associated with the traumatic
event. Thus, for Jack and Philip, presentation of trauma-related cues will activate the traumatic LC
and retrieve trauma-related memories. Intrusive symptoms (e.g., images, thoughts, flashbacks) can be
interpreted as the product of retrieving such trauma-related memories elicited by the activation of the
traumatic LC. According to the LCT-PTSD, intrusive symptoms are initially to be expected for
everyone who forms a new traumatic LC after an extremely negative event. In our example, these
symptoms are initially experienced by both Jack and Philip (although, as we shall see below, they will
become chronic only for Philip). Note that something different occurs to Tom, who incorporates the
car accident event within an old LC and thus with previous information. Within the old LC, memories
of the car accident episode are integrated with previous memories. In this way, exposure to cues
related with the own car accident will evoke general memories about car accidents (not only those
specific to the own accident), thus preventing intrusive symptoms to arise. This explains why, after

the car accident, Tom never experiences intrusive symptoms.

So far, the destiny of Jack and Philip has been the same. At which time point do their pathways
diverge? According to the LCT-PTSD, the second critical period for the development of PTSD, which
separates Philip from Jack, is the few months after the negative event (fig. 1). During this period, in
different occasions both Jack and Philip are exposed to trauma-related cues. This exposure will trigger
memories of the event in the form of intrusive symptoms and associated fear. However, at a more
careful look, for Jack and Philip very different cognitive processes might be at play during exposure
to these cues. Let us have a better look at these processes, starting with Jack. For him, exposure to
cues will activate the traumatic LC. Lack of any negative outcome will prompt a belief updating about

this LC, which will be progressively associated with less negative value. In turn, this will reduce the



intensity of fear when exposed to cues the next time. If repeated, this new learning about the traumatic
LC will progressively diminish both intrusive symptoms and the associated fear, eventually leading to
a recovery from the distress initially caused by the negative event. This process is not far from the

effect of exposure as traditionally described by classical conditioning models.?

Let us consider what happens to Philip. Like Jack, Philip would experience intense fear and intrusive
symptoms when exposed to trauma-related cues. However, when nothing bad happens following the
cues, Philip’s brain would come up with a rather different interpretation compared to Jack’s brain:
Philip’s brain would interpret presence of cues combined with lack of any negative event as a
manifestation of yet another new LC (an interfering LC).1**? Thus, according to the LCT-PTSD, two
separate LC would now coexist in Philip’s brain, one (the traumatic LC) linked with the negative
event combined with associated cues, and the interfering LC linked with the cues combined with lack
of any negative event. The problem of postulating another LC would be that exposure to cues in the
absence of any negative event would prevent any new learning regarding the traumatic LC. Thus, a
vicious circle is proposed to arise for Philip: extinction would not work because lack of any negative
event in conjunction with presence of cues would not elicit any learning about the traumatic LC: the
traumatic LC would remain intact, impervious to any new learning. The consequence would be the
persistence of intrusive symptoms and of intense fear when the traumatic LC is engaged following

trauma-related cues, resulting in full-fledged PTSD.

One last key question to understand how the LCT-PTSD explains PTSD is why Philip’s path diverges
from Jack’s. In other words, why would some, but not other, people who have developed a traumatic
LC postulate yet another LC when exposed to cues in the absence of any negative event? A possible
critical determinant is once again the spreading parameter, which determines a propensity to interpret
events as manifestations of new LCs (above, we have already discussed which factors are important in
shaping this parameter).X® While Jack has an intermediate spreading parameter, Philip has a high one,

explaining why, more often than Jack, he tends to postulate new LCs when facing new events.



In summary, the LCT-PTSD applies latent cause theory to interpret PTSD. It proposes that formation
of a traumatic LC is a necessary, but not sufficient, condition for PTSD to develop. Activation of the
traumatic LC after exposure to trauma-related cues is proposed to elicit intrusive symptoms and
intense fear. In addition to the formation of the traumatic LC, a second necessary condition for the
insurgence of full-fledged PTSD is proposed to be the formation of an interfering LC associated with
trauma-related cues combined with absence of the negative event. This interfering LC is proposed to
block new learning about the traumatic LC, implying that the capability of the latter to trigger
intrusive symptoms and fear remains unabated. The next section explores the implication of this line

of reasoning for treating PTSD.

Implications for treatment

Let us introduce a fourth fictional character: Marc. Marc has a story analogous to Jack’s: he has
experienced a severe car accident, he has interpreted the event by forming a traumatic LC, and (like
Jack but unlike Philip) he activates the traumatic LC when exposed to trauma-related cues. Thus, like
Jack, Marc can potentially modify the traumatic LC in light of new experience. However, while Jack
realises this potential by means of repeated exposure to trauma-related cues, Marc staunchly avoids
these cues. This is common among people who have faced traumas, because trauma-related cues elicit
symptoms that are highly discomforting.? Thus, to avoid this discomfort, cues are often avoided.
However, in the long run avoidance prevents new learning about the traumatic LC, thus maintaining
symptoms. As a result, while after few months since the trauma Jack spontaneously recovers, for

Marc symptoms persist up to a time when he receives a PTSD diagnosis.

Marc is a perfect candidate for exposure therapy, which is among the most effective and popular
treatments of PTSD.®>” Among several versions developed, Prolonged Exposure (PO) therapy is one
of the most powerful exposure protocols.®*?® PO therapy includes both imaginal and in vivo
exposure.?* During the former, usually occurring in sessions with the therapist, the patient is invited to

recollect aspects of the traumatic episode and to discuss any ensuing thought and emotion. These
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sessions are recorded so that the patient can listen to them again for further elaboration. In vivo
exposure, usually performed by the patient alone in-between sessions, consists in approaching people,
places, and objects associated with the trauma. The logic behind PO therapy, and behind any exposure
protocol in general, is that re-experiencing trauma-related cues as safe will persuade the patient that

these cues are not dangerous, in such a way that eventually these cues will stop eliciting symptoms.

PO therapy is ideal for people like Marc, who tend to avoid trauma-related cues. PO therapy can guide
Marc to approach these cues. According to LCT-PTSD, by presenting Marc with trauma-related cues
in the absence of any danger, PO therapy can help Marc updating beliefs about the traumatic LC, in
such a way that, with time, the cues will not be associated with danger anymore. Hence, for people

like Marc, the outcome of the therapy is likely to be the remission of symptoms.

While PO therapy is highly effective with patients like Marc, it might struggle to help patients like
Philip, who do not update the traumatic LC when exposed to trauma-related cues in the absence of
danger. For these patients, targeting and modifying the traumatic LC appears to be particularly tricky.
The LCT-PTSD might help understanding why some patients (such as Philip) fail to benefit from PO
therapy in a substantial way: by focusing on exposure to harmless trauma-related cues, standard PO
techniques might fail to modify the traumatic LC for these patients. Moreover, the LCT-PTSD can
also suggest possible solutions. Following animal studies adopting gradual extinction,!® presenting
trauma-related cues combined with some mildly negative aspects associated with the trauma might
facilitate update of the traumatic LC. For example, during imaginal exposure, the therapist might
encourage the patient not to emphasise only innocuous cues, but also painful aspects linked with the
trauma. Of course, how this can be translated into a concrete protocol requires careful considerations
of complex practical issues, but the basic idea is clear: exposure to negative aspects of the trauma, and

not only to innocuous trauma-related cues, might be beneficial for some patients.

Before any protocol can be established where patients are exposed to negative traumatic aspects,
research needs to clarify fundamental empirical questions. An obvious question is whether, and to

what extent, exposure to negative traumatic aspects is beneficial. With this regard, the LCT-PTSD
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predicts that the benefits concern a particular subgroup of patients, namely those for whom standard
exposure protocols fail (i.e., patients developing an interfering LC); this prediction needs to be tested
empirically. If this prediction is confirmed, it will be valuable for research to identify which patients’
characteristics predict success of protocols implementing exposure to negative traumatic aspects over
and above standard protocols. Another important question is how distressing it is for patients to evoke
negative traumatic aspects during sessions. Understanding this is crucial because it can inform the
decision of whether to recommend exposure to negative traumatic aspects from the start or only after
standard protocols fail (if distress is substantial, then exposure to negative traumatic aspects might be
recommended only after failure of standard exposure protocols). Moreover, this aspect needs to be
assessed in light of evidence that some patients dropout because they are distressed by exposure

therapy;®” recalling negative traumatic aspects might further increase the chance of dropouts.

In summary, the LCT-PTSD can inspire clinicians to improve methods for treating PTSD, especially
contributing to refine exposure techniques. The LCT-PTSD suggests that, for some patients, exposure
to mildly negative aspects of the trauma might be necessary to modify the traumatic LC and promote

healing.

Discussion

Latent cause theory has recently offered tremendous insight about how memory and learning work.81°
By presenting the LCT-PTSD, here | explore whether the notion of LC can contribute to
understanding PTSD. The proposal is that two key moments are critical in the development of the
illness: the time of the trauma and the few months after. According to the LCT-PTSD, at both time
points patients invoke a new LC, in the first case a traumatic LC and in the second case an interfering
LC (the latter would be formed only by patients more resistant to exposure treatment). Activation of
the former LC would account for intrusive symptoms and for the associated fear, while existence of
the latter LC would interfere with any modification of traumatic memories during presentation of

trauma-related cues, explaining why exposure fails to help some patients. The proposal has potential
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clinical implications, raising the possibility that some patients might benefit from exposure to mildly

painful aspects of the trauma in conjunction with trauma-related cues.

The LCT-PTSD makes several empirical predictions, such as that some PTSD patients invoke an
interfering LC when exposed to trauma-related cues in the absence of danger, or that these patients
can benefit from exposure to mildly painful aspects of the trauma combined with trauma-related cues.
One key prediction of the LCT-PTSD is that PTSD patients are characterised by high spreading
parameter. This idea fits with evidence that PTSD patients are predisposed towards dissociation,
namely towards creating compartmentalised memory traces like in the case of the trauma (Nijenhuis
& den Boer, 2009; Nijenhuis et al., 2010).2>%® However, a recent study conducted by Norbury and
colleagues?’ has failed to find an enhanced spreading parameter in PTSD patients. Still, a possible
reason for this observation might be the following confound. A common approach to assess the
spreading parameter (also adopted in Norbury and colleagues®’) relies on classical conditioning
paradigms, where one trial can be broken down in an initial phase and in an outcome phase.%!2
During the initial phase, CS+ or CS- stimuli (the former predicting the US, the latter predicting
absence of the US) are presented, whereas during the outcome phase a US may or may not be
delivered. The assumption is that, at each phase, the brain infers the LC at play during the trial, and
that the intensity (or probability) of the fear response (manifested during the initial phase) reflects this
inference. Specifically, the intensity of the fear response is typically assumed to reflect beliefs about
the probability of potential LCs.2%!22" For example, if one believes that a US-related LC is more
likely than a safe LC, then fear will be more intense. However, it is reasonable to assume that the fear
intensity depends not only on the probability of LCs, but also on their value. In other words, keeping
the probability of the US-related LC constant, fear will increase as the value of the US becomes more
negative (i.e., as punishment intensifies). When modelling fear responses to assess inference about
LCs, including the role of value is fundamental. This role was not considered by Norbury and
colleagues,?” an aspect that might have affected substantially the analyses, especially given evidence

that PTSD patients have enhanced sensitivity to punishment.?® Research remains to be conducted
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where the link between PTSD and the spreading parameter is investigated while controlling for the

value of any US.

As another example of how value might confound inference about LCs, take fear generalization. Like
in other anxiety disorders,®3° PTSD patients exhibit greater fear generalization (e.g., they express
more fear when presented with CS-).31 At first glance, this might hint towards a lower, rather than
higher, spreading parameter in PTSD:? fear generalization might derive from PTSD patients
attributing both CS+ and CS- to the same LC, rather than envisaging two separate LCs as control
would do. However, an alternative explanation is that enhanced fear generalization arises because
PTSD patients have enhanced sensitivity to punishment (i.e., because they attach a more negative
value to the US). This fits with evidence showing that in the normal population fear generalization
increases when the punishment intensity increases,® and with evidence of an increased punishment
sensitivity in PTSD.? The case of fear generalization highlights how considering the role of US value

is fundamental for an accurate assessment of the spreading parameter.

This point suggests that, although not explicitly considered by the LCT-PTSD, sensitivity to
punishment might contribute to PTSD (note that, however, the LCT-PTSD is not incompatible with
any role of punishment sensitivity). Evidence indicates that, when punishment is delivered, the
reaction to this stimulus varies greatly across individuals and throughout the life of each individual.®®
This variability depends both on genetic factors and on life experience (also, people might have
different sensitivity for different types of stimuli).*® On this basis, higher punishment sensitivity might
predispose towards PTSD (more generally, it might predispose towards any anxiety or depressive
disorder):*® in our example above, Tom might be protected from PTSD also because he is less
sensitive to punishment. Another factor not considered by the LCT-PTSD (although, again, not
incompatible either) might be linked with the prediction error experienced when a negative event
occurs.’® People exposed to similar events in the past (e.g., Tom) might be less surprised, and thus
manifest less distress during the negative event. Finally, one third element contributing to PTSD
might be an enhanced fear generalization, manifested in a tendency to activate the traumatic LC also

in safe conditions.®"*® Although considering punishment sensitivity, surprise, and fear generalization
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might be important to fully understand PTSD, yet these factors fail to explain a crucial aspect for
which the LCT-PTSD offers an explanation. This aspect is the observation that some patients benefit
poorly from exposure to trauma-related cues presented in safe conditions.®” If punishment sensitivity,
surprise, and fear generalization were the only factors at play, then exposure to trauma-related cues
without punishment should help virtually all patients; LCT-PTSD offers a possible explanation of

why this is not the case.

By offering a formal description of how LCs are represented in the brain, the LC framework extends
previous associative learning research about the role of context in classical conditioning.® LC theory
not only systematises this previous research, but it also offers new insight. For instance, from previous
research it remains unclear whether, once a contextual representation is formed, this can be modified
with new learning or whether any new learning necessarily requires the formation of new contexts. 3%
This point is particularly critical in PTSD, where it raises the question: can traumatic memories be
modified, or can they only be inhibited? While the answer to this question remains unclear from
previous literature, the LCT-PTSD theory offers a clear prediction: if the right conditions apply (i.e.,

if the traumatic LC is evoked), traumatic memories can indeed be modified.*®

Some scholars have suggested that, in PTSD, trauma-related memories are qualitatively different from
everyday memories. Traced back to Janet’s seminal work on dissociation,*® this idea has inspired,
among other accounts, Dual Representation Theory.3%4° This posits the coexistence of two separate
memory systems: a Verbally-Accessible System where memories are encoded in verbal form, are easy
to retrieve consciously, and are integrated with one another in a unified autobiographical narrative;
and a Situationally-Accessible System where memories are encoded in sensory modalities (e.g., as
visual images or auditory sounds), are hard to retrieve consciously but tend to emerge automatically,
and are poorly integrated with one another. While both systems would underpin everyday memories,
Dual Representation Theory argues that in PTSD traumatic memories are primarily under the control
of the Situationally-Accessible System, resulting in the emergence of intrusive symptoms (consistent
with the description of intrusive experiences as highly sensorial, automatic, and fragmented). In light

of available evidence, whether traumatic memories in PTSD have a different nature compared to
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everyday memories remain controversial.**** The LCT-PTSD is agnostic about this debate, as its
logic applies equally well independent of whether PTSD memories are of different kind or not.
Certainly, the picture depicted by the LCT-PTSD is one where traumatic memories cluster around a
traumatic LC which is segregated from other LCs, and thus where traumatic memories are poorly
integrated with everyday memories. This captures the phenomenology of intrusive symptoms,
described by patients as belonging to a “different” state of mind compared to everyday life. The
separation between traumatic and everyday memories is proposed to encompass, above all, emotional
aspects, being traumatic memories imbued with a level of fear (due to the extreme nature of the
traumatic event) completely beyond the level characterising everyday memories. However, the
segregation between traumatic and everyday memories implied by the LCT-PTSD does not entail, as
Dual Representation Theory does, that these are different in kind (one verbal, the other sensory), nor

that traumatic memories are harder to retrieve consciously.

An important aspect to consider is how the LCT-PTSD accounts for the multifaceted symptomatology
of PTSD. Hierarchical models of psychopathology identify a non-specific component (often labelled
as negative affectivity) underlying symptoms in multiple types of anxiety and depressive disorders.*>
47 Together with such general component, each specific disorder would be characterised by a
particular set of symptoms.***#’ This logic has been applied also to interpret PTSD symptoms.*849
Factor analytic investigations extract four factors (intrusions, avoidance, hyperarousal, and dysphoria)
from PTSD symptoms, mapping three of these (avoidance, hyperarousal, and dysphoria) to a non-
specific component (common to other anxiety and depressive disorders).*34° According to this
perspective, intrusive symptoms would be those distinguishing PTSD from other disorders.*® This
picture fits with the LCT-PTSD, where (like in most models of the illness) the primary focus is on the
origin of intrusive symptoms, deemed to be at the centre of PTSD. The LCT-PTSD is also consistent
with mapping avoidance symptoms to a distinct factor (as in the example above comparing Jack and
Marc, reporting low and high avoidance, respectively). Regarding a non-specific general distress
component (captured by the dysphoria and hyperarousal factors), this can be interpreted by the LCT-

PTSD as corresponding to a general sensitivity to punishment (i.e., as a tendency to be distressed by
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negative events).*® This sensitivity to punishment might predispose people to anxiety and depressive
disorders of different kind, including PTSD. In the context of the LCT-PTSD, the predisposition
towards PTSD might occur because higher punishment sensitivity might facilitate the interpretation of
a negative event as extreme, thus favouring the formation of a traumatic LC (and the establishment of

PTSD).

In conclusion, the contribution of the paper is twofold. First, it offers an interpretation of PTSD
informed by latent cause theory, a framework based on cutting-edge discoveries in the animal
literature. Second, it offers an instance of how latent cause theory can be applied to interpret mental
illness, which (given the generality of the theory) might inspire applications of the theory to other

forms of psychopathology.>°
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Fig. 1. Diagram describing the processes underlying the development of PTSD according to the LCT-

PTSD. After an extremely negative event occurs, some people would link the event to old LCs, thus

never developing intrusive symptoms. Conversely, other people would form a new traumatic LC,

leading to the emergence of these symptoms. Exposure to trauma-related cues combined with absence

of danger would follow. Some people would not link this to a new interfering LC, leading to a

progressive improvement of the symptoms. Conversely, other people would interpret the same

experience by forming a new interfering LC, which would prevent extinction to occur. By continuing

to exhibit the symptoms for months after the negative event has occurred, the latter people would

eventually receive a PTSD diagnosis.
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