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While there are a number of recommended first-line interventions for posttraumatic stress disorder (PTSD), 
treatment efficacy has been less than ideal. Generally, PTSD treatment models explain symptom manifestation 
via associative learning, treating the individual as a passive organism - acted upon - rather than self as agent. At 
their core, predictive coding (PC) models introduce the fundamental role of self-conceptualisation and hierar-
chical processing of one’s sensory context in safety learning. This theoretical article outlines how predictive 
coding models of emotion offer a parsimonious framework to explain PTSD treatment response within a value- 
based decision-making framework. Our model integrates the predictive coding elements of the perceived: self, 
world and self-in the world and how they impact upon one or more discrete stages of value-based decision- 
making: (1) mental representation; (2) emotional valuation; (3) action selection and (4) outcome valuation. We 
discuss treatment and research implications stemming from our hypotheses.   

Current understanding and treatment of post-traumatic stress dis-
order (PTSD) is heavily influenced by fear extinction learning (see Zuj 
and Norrholm, 2019). Such models posit that individuals with PTSD fail 
to adapt to intense, novel stimuli and learn in maladaptive ways. Current 
first-line treatments of PTSD are trauma-focused in that they present the 
trauma stimuli in objectively safe contexts resulting in the inhibition of 
conditioned associations. In contrast to fear extinction models (which 
build on conceptualisations of stimulus-response systems), predictive 
coding models situate learning around an ‘active self’ that: (1) predicts 
the sensory input that it will receive if one or another course of action is 
taken, (2) selects action to achieve the most desired outcome, (3) ex-
periences the outcome of action selection, (4) adjusts itself (subjective 
expectation or interoceptive state) and (5) updates pre-existing models 
as a result of surprising outcomes. The active self also acts upon the 
environment and changes it to suit expectations and desires. To give 
context to the way in which predictive coding models impact behaviour, 
value-based models of decision-making (VBDM) provide a useful 
applied framework. The integration of these two frameworks situates 
the way in which an embodied self, based on active inference of inter-
oceptive and exteroceptive signals, anticipates experiences, compares 
experiences to predictions, and evaluates the way in which mismatches 

of predictions and experiences themselves are used to inform future 
predictions. Such models may not only be able to account for historical 
successes of fear extinction learning but may also help to explain why 
some individuals do not respond to trauma-focused treatments. The key 
to the ability of such models to integrate pre-existing research and 
conceptualisations to explain exhibition of, and recurrent failure to, 
learn with respect to: 1. Mental representation biases perpetuated by 
rigidly held beliefs (i.e. strong threat priors - “I will never be safe”), 
inaccurate bias towards and predictions of negative outcomes (i.e. pre-
diction errors – “I am in danger”, “I will be hurt or killed”), and a 
de-emphasis or poor updating from safety prediction errors (i.e. 
low-precision weighting – “That I escaped safely this time was a fluke”); 
2. Emotion valuation difficulties due to a discordance of memory, 
experience and engagement impact an individual’s sense of emotional 
presence and agency (e.g. an over-reliance on negative salience despite 
no fear cues, i.e. emotion discordance or threat detection); 3. 
Action-selection inflexibility impacting the use of novel and varying 
strategies to resolve discrepancies between expected (danger) and 
desired states (safety) (e.g. flexibly choosing available actions to resolve 
the discrepancy between perceived and desired states, i.e. limited 
emotion regulation repertoire); 4. Outcome evaluation inaccuracies due 
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to a bias in processing present contextual sensory information as 
dangerous or threatening (e.g. biased processing of outcomes and af-
fective states following a chosen action). The integrated framework of 
predictive coding and VBDM holds much potential to improve upon 
prevailing models of PTSD aetiology and treatment. 

The fear conditioning model is central in explaining the development 
of exposure-based treatments for PTSD via habituation and/or inhibi-
tory learning. Although our understanding of the mechanisms respon-
sible for the effects of fear conditioning has evolved over the years (see 
Craske et al., 2008), the foundational principals are based on Pavlov’s 
(1927) work in classical conditioning, where a learned association be-
tween a previously neutral stimulus (conditioned stimulus; CS) and an 
aversive stimulus (unconditioned stimulus; US), leads to heightened 
US-expectancy of the CS. After learning, the CS alone generates a 
conditioned fear response in absence of the US. Within a 
Pavlovian-conditioning approach, the original CS-US association re-
mains intact while inhibitory learning about the CS-US develops, such 
that the CS no longer predicts the US (e.g. Bouton, 1993). An example of 
how this principle has been applied to the experience of a traumatic 
event follows. An individual involved in an armed robbery (US) is likely 
to experience a natural response of fear and heightened physiological 
arousal (the unconditioned response; UCR). Following the robbery, as-
pects of the trauma that were not associated with the robbery before (e. 
g. a black-hooded sweatshirt), may act as a trigger to activate the trauma 
memory, eliciting the CR. For an in-depth review of associative fear 
learning, please see Li and McNally (2014). 

However, the reality outside the laboratory is more complex in a 
number of ways. While fear conditioning processes can explain the 
acquisition of conditioned fear, they cannot fully explain the fact that 
only 20% of those who experience a traumatic event go on to develop 
PTSD (Bryant, 2003). Naturalistic recovery from traumatic experiences 
may be attributed to fear extinction learning (Guthrie and Bryant, 2006) 
– a process of new learning in which repeated exposure to a conditioned 
stimulus in the absence of an aversive consequence leads to a reduction 
in conditioned fear responses (Myers et al., 2006). In the context of 
trauma, this typically involves exposure to trauma reminders without 
aversive consequences. The prevailing model of PTSD is that the disor-
der is caused and perpetuated by impaired-fear extinction processes (Zuj 
and Norrholm, 2019). The prominence of the fear extinction model has 
led to the development of trauma-focused treatments, such as Prolonged 
Exposure (PE; Foa and Rothbaum, 1998), which aim to expose patients 
to trauma cues and memories in order to facilitate extinction learning 
via emotional processing of these conditioned stimuli. Although fear 
extinction learning has been paramount in our understanding and 
treatment of PTSD, it fails to completely predict who will develop PTSD 
after a traumatic event and is unable to entirely predict who will respond 
to trauma-focused therapies (Markowitz and Fanselow, 2020). Further, 
impaired fear extinction learning has been linked to fear-related features 
of PTSD (re-experiencing, hyperarousal, intrusive memories), but other 
features may not be well characterised by this approach (guilt, shame, 
anger). 

A number of therapeutic strategies have been found to enhance 
inhibitory learning and its retrieval (see Craske et al., 2008). One such 
strategy is to design exposure scenarios that maximally violate expec-
tancies regarding the frequency or intensity of aversive outcomes 
(Rescorla and Wagner, 1972). This strategy derives from the premise 
that the mismatch between expectancy and outcome is critical for new 
learning (i.e. prediction error; Rescorla and Wagner, 1972) and for the 
development of inhibitory expectancies that will compete with excit-
atory expectancies. While the concept of prediction errors in fear 
extinction is akin to prediction errors in predictive coding theories, the 
latter introduce prediction error signals along a variety of domains (e.g. 
action values) at multiple levels of processing (hierarchical in nature). In 
other words, the strength of a belief will effect the strength of the error 
necessary to update one’s internal model. For example, those with a 
significant trauma history may have prior experiences (referred to as 

priors from this point forward) across multiple domains which are more 
“ingrained”/ higher in the self-referential hierarchy, requiring 
self-referential (as opposed to external) anticipatory errors to consoli-
date adaptive post-trauma learning. Therefore predictive errors must 
extend beyond a mismatch between anticipated and experienced out-
comes (as is the case in inhibitory learning) to include sensory experi-
ences regarding self, world and others. Taking these latter mechanisms 
into account is paramount; as it is recognised that fear extinctio-
n/exposure involves features extending beyond simple fear inhibition 
learning (as modelled in the standard fear extinction procedure). For 
example, processes related to early life adversity and ongoing life stress 
are important individual differences that moderate fear conditioning 
and extinction (Craske et al., 2018). 

The inability of fear extinction learning to fully predict who will 
respond to treatment (i.e. after cumulative traumatic exposures) may be 
due an overreliance on the self as object; directly contrasting with the 
self as an agent (one who generates cognitions, expectations or beliefs, 
and acts upon the environment to suit its expectations). The self as ob-
ject develops simple associations (Skinner, 1977) and is incapable of 
interpreting experiences through the lens of priors in the form of beliefs/ 
previous experiences. In this context, beliefs, as well as the way that 
prediction errors influence beliefs, are inconsequential. The self as 
agent, in contrast, understands experience via an interpretative lens and 
considers one’s role in influencing or changing experience, expanding 
upon cognitive theories (Beck and Haigh, 2014; Ehlers and Clark, 2000). 
A hallmark feature of PTSD, consistent with Ehlers and Clark’s cognitive 
model, is negative thoughts about oneself, the world and others (e.g. I’m 
not competent; the world is unpredictable; others will not protect me 
(American Psychiatric Association, 2013)). These negative appraisals 
are not easily explained by traditional learning theories and have been 
shown to have an independent relationship to PTSD symptomology (not 
interacting with fear extinction; Zuj et al., 2017). Moreover, numerous 
studies have shown that post-traumatic negative appraisals significantly 
predict later PTSD symptomology (e.g. Ehring et al., 2008). To target the 
impacts of negatively held cognitions, Resick and Schnicke (1992) 
introduced Cognitive Processing Therapy (CPT) as an alternative treat-
ment for PTSD. CPT consists of two integrated components: cognitive 
therapy and exposure in the form of writing and reading about the 
traumatic event. Treatment focuses on distorted and overgeneralised 
beliefs about oneself and the world. The exposure component in CPT is 
used to identify “stuck points (i.e. areas of conflicting beliefs, leaps of 
logic and/or blind assumptions). While CPT, along with contemporary 
cognitive models, focus on excessively negative appraisals and the 
autobiographical nature of the self (see e.g. Ehlers and Clark, 2000), 
they overlook the important role of moment-by-moment affective 
experience in interpreting and predicting experience. 

The recognised importance of self-referential processes in fear 
learning has been recognised by the foundational contemporary work by 
LeDoux and Pine (2016). In direct contrast to earlier emphasis on 
automated physiological responses occurring outside of conscious 
awareness, the authors highlighted the important role of conscious 
feeling states reflected in the subjective experience of fear and anxiety. 
The critical role of subjective experience is supported by research 
showing that damage to the amygdala, widely thought of as a brain 
region critical to intense emotion, does not prevent people from expe-
riencing fear and panic after inhaling CO2 (Feinstein et al., 2013). 
LeDoux and Pine (2016) speculate that experiences of fear are addi-
tionally processed (over and above subcortical regions) by higher-order 
brain circuits involving the prefrontal cortices. Neural connections 
within these higher-order networks allow individuals to make sense of a 
threat in light of memories (emotion schema) and self-reflection 
(self-schema). 

While traditional fear learning models do not account for self- 
appraisals, predictive coding theories propose an internal working 
model of an agent which comprises past experiences, current context, 
and predictions about the future. Consistent with Bayes’ theorem, 

A. Putica et al.                                                                                                                                                                                                                                  



Neuroscience and Biobehavioral Reviews 138 (2022) 104704

3

probable causes of experience (posteriors) are estimated as a function of 
the relationship between probabilities (likelihoods) and prior ‘beliefs’ 
about causes. A mismatch between what is expected (predictions), as a 
function of beliefs (priors), and what happens (posterior) results in a 
prediction error. Internal states contribute to internal and/or external 
schemata, the result of which matches or mismatches subsequent 
experience in the body and the world (Seth, 2013). Prediction errors are 
weighted by ‘precision’ which determine the extent to which the pre-
diction error influences prior beliefs; low-precision weighting results in 
little influence of a prediction error on prior beliefs. Additionally, 
certain priors (e.g. fundamental threat attributions) are held quite 
strongly and are resistant to modification (Kube et al., 2020; Linson and 
Friston, 2019). 

Such agentic models nicely explain the subjective experience of 
negative affect in relation to trauma, something overlooked by 
contemporary cognitive models. In the context of a traumatic event, a 
strong prior ‘belief’ would be generated in response to trauma-related 
cues and their likelihood to portend danger given the threatening sig-
nificance of the event and the accompanied physiological reactions. The 
strong prior is likely to be re-selected in future situations even if it does 
not match the current, objective sensory input. The agent’s experience 
(or posterior) results from the Bayesian integration between the (strong) 
prior and the likelihood. The experience then shifts towards the most 
precise source of information. When the prior for danger is more precise 
than likelihood (for safety), the agent will experience the situation as 
being more dangerous than it actually is. The trauma prior is unlikely to 
be modified despite inaccurate predictions due to the strength of the 
prior, as strong priors are not easily changed (see Fig. 1). As a result, the 
prior dominates perception, perpetuating negative emotions such as 
depressed mood and fear. Given the intensity and regularity of these 
negative emotions, they can be reinstated and perceived as current, 
rather than associated with a discrete event in the past (i.e. lack of dif-
ferentiation between previous danger and current safety). Importantly, 
the failure to differentiate past from present emotions may be related to 
a broad deficit of pattern separation (see e.g. Lange et al., 2017). 

The present articles outlines how predictive coding models of 
emotion explain PTSD and its treatment within a value-based decision- 
making framework. Kube et al. (2020) conceptualised the clinical profile 
of PTSD using a predictive processing perspective. We offer an extension 
of this important work by integrating the predictive coding perspective 
into discrete stages of value-based decision creating a framework of 
clinical formulation, tailored treatment planning and, research. To our 
knowledge, this is the first article that integrates advances in affective 
and computational neuroscience in a value-based decision-making 
framework to explain mechanisms inhibiting adaptive learning and 
subsequent treatment response in PTSD. Firstly, we outline that PTSD is 
a problem within one or more of the following value-based 

decision-making stages: (1) mental representation; (2) emotional valu-
ation; (3) action selection and, (4) outcome valuation. Finally, we will 
present clinical and research implications stemming from our hypoth-
eses. It is important to note that not all of the outlined elements are 
completely unique to predictive coding accounts, however we do posit 
that our theorised overall formulation model may offer a novel way in 
formulating individualised treatments (including augmentations of 
existing treatments), which we outline in the latter part of this 
manuscript. 

1. Predictive coding models of emotion 

Predictive coding models can explain much more than just negative 
cognitions. Models such as the Embodied Predictive Interoception 
Coding (EPIC; Barrett and Simmons, 2015) and the Predictive Coding 
Model (PC; Seth et al., 2011), along with the Theory of Constructed 
Emotion (Barrett, 2017) hypothesise that the brain is constantly 
generating and updating a mental model of the self, environment and 
the self-in the environment (Seth et al., 2011). Such models postulate 
that emotional awareness, a major contributor to representations of the 
self, is partially based on interoceptive feeling states (i.e. awareness of 
the bodily state) emerging from the interactions of predictions regarding 
bodily afferents (signals coming towards the central nervous system; 
predictions) and the actual experienced afferents (what is actually 
experienced by the central nervous system) resulting in an internal 
prediction error (Critchley and Garfinkel, 2017). Notably, similar pre-
dictions are made and prediction errors experienced in relation to pro-
prioception (i.e. bodily position/action) and exteroception (i.e. activity 
in the world and on the body; see Fig. 2; Seth and Friston, 2016). A sense 
of emotional agency, or emotional presence is achieved when mental 
representations are successfully matched to experience, resulting in a 
minimal error signal. However, error signals are not always processed 
equally and attention to these signals varies as a function of precision 
weighting. When high, precision weighting results in greater attention 
to error signals and when low, lesser attention to error signals. A large 
error signal due to imprecise or misinformed predictions can overwhelm 
the individual, leading to a reduced sense of presence or agency (Paulus 
and Stein, 2006). 

While fear extinction models posit the importance of prediction er-
rors in learning (see e.g. Rescorla and Wagner, 1972), they largely 
overlook the possibility of strongly held priors. The updating process of 
the internal model (i.e. learning) relies on the strength with which prior 
predictions are held and the extent to which posterior probabilities are 
integrated. Priors with low-precision (reliability or confidence ascribed 
to prediction errors at each level of the predictive hierarchy), such as 
“I’m safe here and now”, are more likely to be updated than their 
stronger, negative counterparts (e.g. “the world is a dangerous place”). 

Fig. 1. Panel A represents relationship between prior, posterior, and likelihood with normal priors while Panel B represents the same relationship under strong 
priors. Per Bayes Theorem, the posterior is generated as a combination of the prior belief (e.g. I’m unsafe) and the likelihood of the outcome given the current 
information (alternative e.g. I’m safe). Since the posterior shifts towards the most precise source of information, when the prior is strong, the extent of the shift 
towards the alternative will be smaller than for the normative prior. 
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Similarly, prediction errors may be weighted at multiple levels, 
increasing or decreasing the influence that they have on the model. 
Prediction errors in associative learning models are not emphasized or 
de-emphasized as a function of precision weighting (influenced by 
conscious awareness; Meijs et al., 2018) nor do they consider the role of 
beliefs and their potential resistance to change. According to the pre-
dictive coding framework, updating of prior beliefs depends in part on 
the uncertainty of sensory input. The uncertainty, known as inverse 
precision, is defined by whether the source of error is attributable to 
irreducible uncertainty (i.e. the complex nature of the world which 
cannot ever be perfectively predicted) or reducible uncertainty (i.e. an 
individual lack of knowledge; Kwisthout et al., 2017). Adjusting the 
internal model in response to prediction errors depends on the error 
uncertainty of sensory information, with precise sensory data (i.e. more 
reliable – source of uncertainty is known) having more influence on the 
updating process than imprecise sensory information (i.e. less reliable – 
source of uncertainty is unknown and possibly unknowable; Kwisthout 
et al., 2017). 

In PTSD, predictive processing entails a complex interplay between 
emotion generation and subsequent processing. As we will outline, a 
number of our concepts are not novel or unique to predictive coding, 
however, the integration of predictive coding with value-based decision- 
making offers a parsimonious framework for clinical formulation and 
treatment planning. Specifically, our model may help understand the 
effects of cumulative trauma exposure, early life adversity and emotion 
regulation deficits on the fear conditioning process. Put into the context 
of decision-making (see Rangel et al., 2008), the dynamic process entails 
the following: (1) a mental representation of options, along with internal 
and external states, (2) perceived value associated with action – espe-
cially the emotional value, (3) selection of actions based on 1–2, (4) 
evaluation of the outcome relative to predictions, (5) updating of prior 
stages via learning processes (see Fig. 3). We hypothesise that PTSD 
presentations and treatment response will result from one or more 
problems in value-based decision-making: (1) mental representation; (2) 
emotional valuation; (3) action selection and (4) outcome evaluation, 
deficits in one or more of these stages hinder the individual’s ability to 
update perceptions based on new data (i.e. learning). We outline how 
problems in each of these stages of value-based decision-making pre-
sents in PTSD and how it not only perpetuates the disorder but explains 
heterogeneity in treatment resistance using conceptual, empirical and 
clinical evidence. Predictive coding models of emotion are also critical 
here as they situate the process of behaviour within the subjective realm 

based on information from previous experiences to construct experi-
ences in real time, tinged by emotional experience. Each of these stages 
can present cumulatively or individually to deficits of safety learning in 
PTSD. The value of such an approach is that certain stages of the model 
may be more abnormal for certain individuals, leading to personalised 
implications. In the next section we outline each of our proposed hy-
potheses relating to these problems. 

2. Mental representation 

2.1. Mental representation: conceptual 

A predictive coding account of PTSD must first and foremost 
acknowledge that the prediction model is inefficient, inaccurate, and 
resistant to change. High allostatic load (i.e. cumulative stress on the 
body) undermines the efficiency of the brain’s internal predictive model 
by de-coupling affective components from memory and experience, thus 
impairing emotion processing and predictions. Emerging evidence 
supports the notion that the brain minimises free-energy by anticipating 
the content of internal and external events (Chanes and Barrett, 2017). 
The anticipation is realized via the construction of embodied simula-
tions (full-bodied representations of sensory experience; Barsalou, 2008) 
which then function as Bayesian filters (Deneve, 2008) for incoming 
sensory input. Rather than perceiving reality as it is, input is seen 
through the influence of the simulations which drive action and 
construct perception. Changes associated with the anticipation of 
negative outcomes function as plans for ongoing system-wide physio-
logical adjustment to impending physical and emotional challenges. 
From the external perspective, avoidance behaviour ensures that the 
prediction of needing to avoid something to stay safe is not challenged, 
therefore no prediction error is generated and no learning occurs. At a 
subjective level, certain aspects of the loop can be and often are dis-
counted and/or modified. In PTSD, past experience results in selection 
and modification of processing by continuously anticipating unpleasant 
and threatening events in the body (e.g. hyperarousal - interoception) 
and environment (e.g. hypervigilance - exteroception). In the context of 
bodily awareness, unanticipated information from both internal and 
external sensory domains modulates expectations, and perceptions, or 
bottom-up signals (e.g. increased heartbeat; for a review see Petzschner 
et al., 2021). Error signals track the difference between the predicted 
sensations and incoming sensations, identifying discrepancies between 
the top-down and bottom-up signals (e.g. perceiving no explicit threat 
but feeling hyper-aroused in the body). 

We posit that if internal and external events are processed through 

Fig. 2. Inference and perception. The brain is always building and refining its 
representations or models of the self, internal and external worlds. Green ar-
rows represent proprioceptive predictions underlying action and experience of 
body ownership. Orange arrows represent exteroceptive predictions underlying 
perceptual content, such as the visual and tactile experience of fire. Red arrows 
represent interoceptive predictions underlying mood and autonomic regulation. 
(For interpretation of the references to colour in this figure, the reader is 
referred to the web version of this article.) 

Fig. 3. Proposed predictive coding informed value-based decision-making 
model, for learning deficits in PTSD. Blue boxes represent maladaptive PTSD 
related appraisals. Green boxes represent adaptive ‘healthy’ appraisals. (For 
interpretation of the references to colour in this figure, the reader is referred to 
the web version of this article.) 

A. Putica et al.                                                                                                                                                                                                                                  



Neuroscience and Biobehavioral Reviews 138 (2022) 104704

5

embodied simulations, the individual perception may actually be one of 
continuous danger. Avoidance coping is perceived as effective even if 
the threat is not real (see e.g. Badour et al., 2012), for reasons mentioned 
above – avoidance guarantees safety. Alternatively, the individual may 
use this experience to further reinforce their negative priors for danger, 
which become even more precise and less malleable to change. Dimi-
nution of prediction errors, when they do occur, would result in 
continued strong prior beliefs about a dangerous world, inhibiting 
learning and further reinforcing the strength of priors, making them less 
malleable. While energetically inefficient, it may be experienced as a 
necessary expenditure, albeit one with serious consequences in the form 
of allostasis and its associated consequences. We hypothesis that this 
seemingly perpetual loop of trauma/threat-related prior-driven 
perception and behaviour reinforcing a continuously stressful embodied 
simulation of danger (with deleterious secondary multiple-system con-
sequences) interferes with an individual’s readiness and ability to 
engage or even prioritise engagement with treatment. While we 
acknowledge that negative cognition is not a new concept related to 
PTSD, it may explain how these cognitions perpetuate PTSD symptom-
atology and limit treatment response. 

2.2. Mental representation: empirical 

Many established models of trauma-related psychological sequalae 
highlight the strength and role of the individual’s negative beliefs 
(priors) about self, others and the world (Ehlers and Clark, 2000; Foa 
and Rothbaum, 1998; Resick and Schnicke, 1992) in the development 
and maintenance of PTSD (for a review of literature see Brown et al., 
2019). Foa and Rothbaum (1998) emphasise the role of unrealistic ap-
praisals in the development and maintenance of PTSD symptomology, 
particularly: “the world is dangerous, I am incompetent, and others 
cannot be trusted”. Negative beliefs have been found to discriminate 
between trauma-exposed individuals with and without PTSD (Zoellner 
et al., 2011), and to predict the course of chronic PTSD (Dunmore et al., 
2001). Consistent with these theories, more severe negative post-
traumatic cognitions are associated with more severe PTSD symptoms 
(e.g. Kleim et al., 2013; Oh et al., 2016; Ter Heide et al., 2017; Tutus and 
Goldbeck, 2016; Zhou, . et al., 2015) or a greater likelihood of meeting 
criteria for PTSD (e.g. Dunmore et al., 1999; Jelinek et al., 2013; Karl 
et al., 2009; Startup et al., 2007). Specifically, individuals whose trauma 
memories reflected mental defeat (i.e. perception that they gave up, or 
had no perceived will during the traumatic experience) showed chronic 
PTSD symptomology (i.e. limited natural fear extinction; Dunmore et al., 
2001; Kleim et al., 2007) and little improvement from exposure treat-
ment (i.e. limited therapeutic fear extinction; Ehlers et al., 1998). There 
are several ways in which mental defeat might impact fear extinction. 
First, an assault which is experienced within the context of mental defeat 
is likely to be perceived as more severe. Second, it is generally agreed 
that it is important to repeatedly revisit the traumatic event in order to 
promote differentiation between previous danger and current safety. 
Unfortunately, in cases where mental defeat is prominent, reliving may 
be less effective, and remind the individual of their perceived incom-
petence, helplessness or acopia. 

The important role of beliefs in PTSD outcomes is further supported 
by work showing that brief Cognitive Behaviour Therapy produced 
changes in beliefs regarding oneself and one’s safety, and that these 
changes mediated pre to post symptom changes in PTSD (Zoellner et al., 
2011). Furthermore positive shifts in these beliefs have been found to 
mediate long-term improvement in PTSD symptomatology (Zoellner 
et al., 2011). Significantly, the impact of PTSD related appraisals has 
been found to predict later PTSD severity over and above initial 
post-trauma symptomatology (Dunmore et al., 2001) further adding 
support for the detrimental role of strong trauma-related priors in PTSD 
trajectories. 

2.3. Mental representation: clinical 

Clinically, we hypothesise that patients with biased mental repre-
sentation may not only possess strong negative beliefs about themselves, 
others and the world, but also experience greater negative affect. These 
individuals may find it difficult to integrate new information from 
exposure activities with their trauma narratives, inhibiting the emotion 
processing necessary for PTSD treatment response. As a result of this 
ongoing PTSD symptomology, those with mental representation biases 
may have poorer quality of life (see Mueser et al., 2015) and engagement 
in pro-health behaviours, contributing to a heightened allostatic load 
(see Glover et al., 2006). High allostatic load can also result from or 
perpetuate health-damaging lifestyle habits such as: lack of physical 
activity, unhealthy diet, and sleep disturbances (Forrester et al., 2019). 
Clinically, these markers may serve as functional indicators of mental 
representation deficits, affording the therapist with interventional tar-
gets to ‘stabilise’ the patient until they are ready to engage in 
trauma-focused psychotherapy. Our decisional-value model recognises 
and incorporates the well-established direct relationship between the 
strength of trauma-related beliefs (priors) and the way in which those 
beliefs impact individual’s evaluations about the world, especially one’s 
emotional experience, a topic to which we will turn to next. 

3. Emotional valuation 

3.1. Emotional valuation: conceptual 

Emotion valuation is the processing of one’s internal and external 
states to assign value to available actions (cognitive or behavioural – 
aimed at altering an emotional state; Ochsner and Gross, 2014). The 
ability to engage with one’s interoceptive and exteroceptive states is 
paramount in assigning accurate value to all available actions. A 
discordance between physiological and affective components (i.e. 
emotion response discordance) and exaggerated threat detection may 
hinder an individual’s sense of emotional presence and emotional 
agency (see Brown et al., 2020). Specifically if an individual does not 
have well-integrated emotional awareness, their ability to resolve dis-
crepancies between current and desired emotional states is undermined. 
Poor emotional valuation impacts an individual’s ability to be shaped or 
modify action based on unfolding emotional experience (Ochsner and 
Gross, 2014). 

Emotion response concordance is characterised by within-individual 
associations among physiological (arousal) and subjective emotional 
components (appraisal). We hypothesise that a disconnect between the 
psychological (“I’m really distressed”) and the physiological (no acute 
change in heart rate) can result from an internally energy inefficient 
model, which is either insensitive to prediction errors and/or poorly 
calibrated precision estimates. Such discordance may present in the 
brain as a lack of confidence understanding and interpreting what is 
happening in one’s experience or “noisy afferent interoceptive inputs” 
(Paulus and Stein, 2010). Beliefs that interoception is unreliable foster 
internal predictive uncertainty, resulting in increased attempts to con-
trol and predict these inputs (Feldman Barrett and Simmons, 2015). 
When ascending sensory input is noisy or imprecise - the active inference 
framework hypothesizes that prediction errors will be resolved not by 
changing the source of the prediction (i.e. the mental model) but by 
shifting bodily state and/or perspective to match the error (Feldman 
Barrett and Simmons, 2015). In other words, the system will reduce 
attention to the sensory input or actively alter autonomic and metabolic 
systems in the body to match the sensory prediction. 

A lack of confidence in interoceptive signalling may limit an in-
dividual’s ability to detect salience in the environment, whether it be 
reward or threat is essential for survival, i.e. when it’s important for one 
to lean into these signals for contextual affective information (e.g. 
emotion numbing). Conversely, individuals with deficits in emotional 
valuation may also present with overly sensitive negative salience (or 
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threat) detection. Hypersensitive salience detection could heighten 
vigilance anxiety sensitivity, and threat reactivity in PTSD – minimizing 
capacity to detect safety signals, as well as activating fear and protective 
responses disproportionate to actual threats (Sripada et al., 2012). 
Exaggerated threat detection or threat-related attentional biases have 
been proposed as one such potential target in PTSD (Armstrong and 
Olatunji, 2012). Cognitive models for PTSD have implicated several 
faulty cognitive processes in the disorder (Brewin and Holmes, 2003), 
including: attentional biases towards and away from threat (Bar-Haim, 
2010), poor attentional control (Lazarov et al., 2019). However, our 
model while related to the aforementioned perspectives further-expand 
on them by situating them in relation to psychophysiology and intero-
ceptive processing of current versus desired affective states. 

3.2. Emotional valuation: empirical 

The importance of situating cognitive affective components within 
physiology and is evidenced by findings that emotional memory 
consolidation is directly impacted by interactions of cortisol and 
noradrenaline in the basolateral amygdala of animals (Roozendaal et al., 
2009), and humans (McGaugh, 2004). In the context of processing 
emotional memory, learning (i.e. consolidation) and/or over-learning (i. 
e. reconsolidation) is diminished when physiological signalling is 
attenuated (by administering beta-blockers, for example; Lonergan 
et al., 2013). While there is some suggestion that such pharmacological 
agents could be helpful in acute discordance of arousal from trauma 
memories (see e.g. Giustino et al., 2016), persistent interference with the 
concordance of somatic and cognitive signals related to emotion may 
actually interfere with treatment, perpetuating the very discordance 
that forms part of the aetiology of the condition. While propranolol (a 
drug that interferes with somatic signals of emotion) can facilitate 
extinction learning in acute settings (for example see Elsey et al., 2020), 
it has been shown to be most useful under conditions where stress is high 
and norepinephrine levels are elevated beyond those optimal for 
learning (Fitzgerald et al., 2015). In other words, there may be an 
optimal range of concordance between psycho-physiological compo-
nents necessary for emotional processing (see e.g. Yerkes Dodson Law; 
Yerkes and Dodson, 1908) for new learning to occur. In contrast to 
beta-blockers, which suppress physiological signals, benzodiazepines 
indiscriminately depress neural functioning across the brain (Guina 
et al., 2015), which can inhibit the cognitive fear activation necessary 
for functional exposure (Rosen et al., 2013). Evidence suggests that 
benzodiazepine use is associated with a poor response to trauma-focused 
treatments (Guina et al., 2015). Therefore, we hypothesise that a lack of 
concordance between affective components impacts an individual’s 
ability to fully engage with emotional states to make the (accurate) 
emotional valuations necessary for learning. 

We additionally hypothesise that enhanced threat detection or an 
attentional bias to threat, associated with increased salience network 
activation, which has previously been observed in PTSD patients, also 
impacts one’s ability to make accurate emotional valuations (Pannu 
Hayes et al., 2009). Hypersensitive salience detection could heighten 
vigilance and threat reactivity in PTSD and activate fear and protective 
responses disproportionate to actual threats (Liberzon and Abelson, 
2016). Excessive activity in the salience network has been found to 
predict poor treatment response among those with PTSD (van Rooij 
et al., 2016). Therefore, exaggerated tending to threat may be a further 
mechanism which limits an individual’s ability to be shaped or modify 
behaviour based on unfolding objective emotional experience. 

3.3. Emotional valuation: clinical 

The impact of psycho-physiological discordance is clinically exem-
plified in individuals high in alexithymia, a population associated with 
PTSD treatment resistance (Kosten et al., 1992). Individuals high in 
alexithymia tend to report elevated levels of distress (appraisal) despite 

experiencing minimal autonomic arousal (Eastabrook et al., 2013; 
Peasley-Miklus et al., 2016). Discordance between arousal and appraisal 
components may explain why individuals high in alexithymia are able to 
label basic emotions such as happy or sad but cannot describe the in-
ternal states (e.g. increased heart rate) that correspond to these de-
scriptors and instead tend to focus on global states of emotional arousal, 
misinterpreting bodily sensations (Taylor and Bagby, 2004). Individuals 
with alexithymia also demonstrate reduced ability to locate 
affect-related responses in their bodies, reflecting limited awareness of 
somatic sensations accompanying feelings (Nemiah et al., 1976), and 
have an increased tendency to report experiencing little to no emotion in 
response to arousing stimuli (Aaron et al., 2018; Putica et al., 2021). 
Such lack of emotional awareness is of particular concern in emotional 
processing as the ability to regulate emotional states (and hence provide 
an appropriate emotional appraisal of a given situation or behavioural 
option) arise from the integration of autonomic and cognitive processes 
(Critchley et al., 2002). The inability to differentiate arousal states can 
result in restricted response strategies across emotions, as may be 
evident in the case of anger, wherein any arousal is perceived as 
reflecting the same emotion and required the same response (see e.g. 
Harmon-Jones et al., 2009). Deficits of emotional awareness will un-
doubtedly lead to all states being assigned a comparable subjective label 
(e.g. “negative” or “bad” or “threatening”) and modulate the perceived 
emotional value of available actions. In the case of exaggerated threat 
detection commonly observed in PTSD, such atypical salience detection 
can hinder an individual’s ability to assign values to available action. 
The aforementioned suggests that discordance between affective com-
ponents or exaggerated pre-occupation with threat detection will impact 
one’s ability to select the most adaptive course of action in bridging the 
gap between their experienced and desired state. The logical follow-on 
from such bias in emotional valuation is a bias in the process of select-
ing behaviours that favour safety. 

4. Action selection 

4.1. Action selection: conceptual 

The third mechanistic deficit of our model as it pertains to PTSD and 
its treatment is a difficulty in flexibly selecting available actions to 
resolve discrepancies between desired or expected and sensed emotional 
states (Paulus and Stein, 2010). Inflexibility in action selection among 
those with PTSD may be a product of diminished executive function 
(Liberzon and Abelson, 2016). Executive function is a group of faculties 
by which we manage cognitive processes, and includes mechanisms of 
working memory, attention, inhibition, and task shifting (Diamond, 
2013). Deficits in these domains impact one’s ability to make real-time 
comparisons between sensed and desired states by impacting contextual 
processing (Liberzon and Abelson, 2016). The comparison between 
sensed and expected states serves two major functions: 1. To orient us to 
the surprising physiological changes that require immediate attention 
(perceptual inference) and 2. To allow comparison between current and 
potential future states as a cue to action (active inference). We 
hypothesise that action-selection inflexibility is caused by individuals 
with PTSD avoiding engaging in behaviours which are novel or 
different, and falsely attributing safety to avoidance behaviour despite 
the absence of any real threat. Specifically, action-selection inflexibility 
may be a result of heightened distress tolerance and/or anxiety sensi-
tivity, observed among those with PTSD (Marshall-Berenz et al., 2010; 
Taylor, 2003). This inflexibility may account for the pervasive negative 
affect (O’Donnell et al., 2004) and reduced quality of life reported by 
those with PTSD (Vogt et al., 2017). From a learning perspective, 
inflexibility in action selection inhibits adaptive emotion regulation 
required for safety learning and even working memory capacity, 
necessary for overall learning ability (Pe et al., 2013). The pervasive 
negative and undesired affect observed among those with PTSD, sup-
ports our hypothesis that these individuals cannot flexibly select an 
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action to bridge the gap between experienced and desired state. 

4.2. Action selection: empirical 

Specific to PTSD literature, an inflexibility in action selection may be 
akin to emotion regulation inflexibility (predisposition to use one 
strategy to change an internal or external world). Evidence demon-
strates that cognitive reappraisal in PTSD is associated with reduced 
lateral and medial prefrontal activation (Bryant et al., 2020). There is 
also evidence that treatment with selective serotonin reuptake inhibitors 
can ameliorate initial deficits in emotion regulation-related prefrontal 
brain function. Moreover, baseline emotion regulation brain deficits 
negatively predict treatment-related benefits (MacNamara et al., 2016). 
It is important to note that flexibility of regulation strategy choice in the 
context of real-time situational attributes is more critical than use of 
potentially arbitrary categories of ‘adaptive’ vs. ‘maladaptive’ strategies 
(Aldao et al., 2014). Specific to PTSD, emotion regulation inflexibility 
has been found to moderate the association between traumatic exposure 
and PTSD symptomatology (Levy-Gigi et al., 2015). Inflexible emotion 
response is believed to be a result of an individual being unable to match 
between core characteristics of regulatory options (actions) and 
emotional events. Specifically, there are some highly aversive emotional 
situations, including potentially traumatic events, where choosing to 
disengage may actually promote adaptation to the stimuli/events (see e. 
g. Park, 2010). However, applying disengagement regulatory options (e. 
g. avoidance) to emotional events that are tolerable (high-distress 
tolerance) may function as a risk factor for the development of anxiety 
disorders (see, e.g. Campbell-Sills et al., 2006). Flexible real-time action 
selection is thus critical to PTSD recovery. The relationship of inflexible 
disengagement and anxiety supports our hypothesis that inflexible ac-
tion selection hinders learning in PTSD. 

4.3. Action selection: clinical 

Clinically, patients with action-selection inflexibility are more likely 
to present with substance-misuse disorders. Drinking alcohol to excess 
blunts negative affect and may therefore be perceived as an effective or 
maladaptive action choice (see e.g. Becker, 2008). The importance of 
assessing for deficits in action selection flexibility is particularly perti-
nent as approximately half of individuals seeking treatment for sub-
stance misuse disorders treatment meet criteria for PTSD (Brady et al., 
2004), and individuals with co-occurring PTSD and substance-misuse 
disorders tend to have poorer treatment outcomes compared to those 
without this comorbidity (Berenz and Coffey, 2012). It may also be that 
those who predominately engage in emotional and experiential avoid-
ance may present with high co-morbidities with other emotional dis-
orders (e.g. Major Depressive Disorder; or Generalized Anxiety Disorder; 
Campbell-Sills. et al., 2006). The over-reliance on avoidance strategies 
observed among those with PTSD, and indeed other pathologies sup-
ports our notion that inflexibility in available action selection perpetu-
ates PTSD pathology. Therefore, those presenting with PTSD and other 
co-morbidities would benefit from a functional assessment of 
action-selection flexibility to identify deficits in this stage of value-based 
decision value which may hinder learning, and subsequent treatment 
response. 

5. Outcome evaluation 

5.1. Outcome evaluation: conceptual 

The final mechanism of focus is biased processing of outcomes and 
affective states (internal and external) following a chosen action. Pre-
cision signals optimise the sampling of the sensory periphery for allo-
stasis. If a prediction error is anticipated to be relevant for allostasis and 
therefore worth the metabolic cost of encoding and consolidation, then 
the gain in these errors is accordingly modulated. These predictions are 

called precision signals. In predictive coding, precision describes the 
reliability or confidence ascribed to prediction errors at each level of the 
predictive hierarchy. Therefore, inaccurate precision signals result in 
unreliable prediction errors. Precision signals are based on priors 
developed according to cumulative experience (or in the case of a 
traumatic experience, a heavily weighted single event or set of cumu-
lative events signalling threat). Precision signals modulate the sampling 
of contextual sensory experience. Specific to PTSD, the emotionally 
shocking nature of a traumatic event results in a recalibration of the 
internal model to sensitise the system to internal and external signals 
indicating threat (objectively and subjectively), attributing such infor-
mation the greatest precision weighing. Trauma-weighted sampling of 
the sensory periphery will prevent the individual from processing real- 
time objective sensory data. We posit that inaccurate precision signals 
(heavily weighted towards information signalling danger) inhibit the 
updating of priors by not providing the individual with real-time, 
contextual information necessary for outcome evaluation (e.g. “the sit-
uation was safe, my chosen actions kept me safe’ vs. ‘that was a lucky 
escape, I was fortunate I got out of there when I did”). The role of 
inaccurate precision signals in outcome evaluation is supported by Kube 
and colleagues (2020) who theorise that priors at low levels of the 
predictive hierarchy (objective sensory information which can differ-
entiate between index trauma and current context) are given too little 
precision, whereas high-level priors are afforded too much precision 
(anything resembling or activating a fear memory structure). As a result, 
strong beliefs override sensory information and dominate perception 
(Benriomoh et al., 2018) inhibiting fear extinction learning by limiting 
the opportunity to differentiate between index trauma and current 
contextual information, such as “the world is safe, I was competence at 
keeping myself safe”. The inability to take contextual information into 
account in favour of anything resembling threat limits the updating of 
danger-, threat-, and/or trauma-related priors. 

5.2. Outcome evaluation: empirical 

The implication of problematic precision signal processing (i.e. not 
giving appropriate weighting to contextual priors and affording too 
much weighting to historic priors signalling danger is demonstrated; 
Garfinkel et al. (2014) found that PTSD patients exhibited both abnor-
mally high fear in safety contexts and abnormally low fear in danger 
contexts. The authors suggest that people with PTSD are characterised 
by a general deficit in processing contextual information, resulting in the 
inability to properly modulate brain activity and psycho-physiological 
responses in accordance to contextual information. Similarly, Jova-
novic et al. (2010) found those with PTSD had a higher fear-potentiated 
startle to safety signals compared to healthy and depressed controls. The 
PTSD group did not exhibit fear inhibition to safety cues, which was 
linked to higher PTSD symptom severity (Jovanovic et al., 2009). The 
significance of contextual information processing on PTSD treatment 
response was also demonstrated by van Rooij et al. (2014), who 
compared PTSD patients receiving trauma-focused psychotherapies 
with combat controls and found that left inferior parietal lobe (IPL) 
activation during a stop-signal anticipation task at baseline significantly 
predicted treatment response, as defined by a 30% reduction in 
clinician-administered PTSD scale scores at post-treatment. The IPL is 
involved in contextual cue processing, an important component of fear 
extinction learning, which itself is highly dependent on the context in 
which it takes place (Shipherd and Salters-Pedneault, 2008). The 
aforementioned evidence supports our hypothesis that ineffective pre-
cision signalling, or inability to accurately identify prediction errors 
worthy of encoding and consolidation, inhibits processing of contextual 
information necessary to differentiate between safe and dangerous 
contexts and outcomes. Individuals with PTSD prioritise sensory infor-
mation which may indicate threat, dismissing information at lower 
predictive levels which suggest safety (for a review see Liberzon and 
Abelson, 2016). Without objective data about the world, individuals 
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with PTSD are not afforded repeated exposure to a CS in the absence of 
an aversive consequence, which is necessary for a reduction in 
condition-fear responses. The relationship between contextual infor-
mation and safety learning among those with PTSD supports the 
importance of accurate precision signals in updating of priors from 
threat to relative safety. 

5.3. Outcome evaluation: clinical 

Magnitude of between session habituation is paramount, as there is 
mounting evidence that it is the most predictive of treatment outcome in 
exposure therapy (Sripada and Rauch, 2015). Individuals with inaccu-
rate precision sampling may show limited between session habituation 
to exposure trials despite their seemingly appropriate emotional 
engagement. Clinically, such a patient may be observed to discount a 
successful exposure trial, in which they were able to tolerate distress and 
habituate within the trial. Instead, the patient may discount this success 
as specific to the particular session, i.e. behavioural discrimination 
(Yassa and Stark, 2011). For example, a patient who successfully en-
gages in an exposure trial with a dog, may tell the therapist “I’m only 
OK, because it was a small white dog on a leash; they are not dangerous, 
however all other dogs are dangerous”. However, due to this failure of 
generalization it is not clinically possible to conduct exposure trials 
targeting each of the potential permutations of exposures with dogs 
(large white dog on lead, small black dog on lead, etc.) to update a 
strongly weighted prior, one precision signal at a time. In other words 
these individuals may demonstrate attenuated pattern completion and 
enhanced behaviour discrimination. Pattern completion, a process by 
which partial or degraded cues reinstate previously stored representa-
tions, is associated with behavioural generalization (McClelland et al., 
1995); while pattern separation, a process by which overlapping rep-
resentations are made distinct, is associated with behavioural discrimi-
nation (Yassa and Stark, 2011). Negative overgeneralisation (commonly 
observed in PTSD) has also been shown to be rooted in mechanisms of 
modulation at encoding and pattern completion (McMakin et al., 2020). 
The association between poor pattern completion and /or exaggerated 
behavioural discrimination with PTSD supports our hypothesis that 
unreliable precision signals inhibit an individual ability to evaluate the 
outcome of a situation (e.g. I was safe, I was able to keep myself safe). 
Due to the apparent resistance to change across the aforementioned 
domains, it is recommended that the therapist assess the client for 
problems in the preceding decisional-value steps. In the following sec-
tion we outline how our presented hypotheses elaborate on current 
PTSD treatments. 

5.4. Implications for treatment 

Although efficacious treatments for PTSD exist (such as Prolonged 
Exposure Therapy; Foa and Rothbaum, 1998), these treatments (based 
on fear extinction learning) could fail within the aforementioned stages 
of decision-making specific to the outlined stages, existing 
trauma-focused PTSD treatments do not typically target: 1. Biases in 
mental representation (e.g. perceiving emotions, situations, and trauma 
memories as inherently dangerous) inhibiting optimal engagement 
necessary for therapeutic exposures; 2. Difficulties with emotion valu-
ation impacting an individual’s sense of emotional presence and agency 
to move between current and desired emotion states; 3. Inflexibility in 
action selection which may inhibit therapeutic engagement in novel 
exposures; and 4. Inaccuracies in outcome evaluation that impact the 
updating of threat perceived priors. However, we appreciate that 
existing treatments are largely compatible with parts of the account 
proposed above (e.g. with respect to the aim of modifying dysfunctional 
beliefs of PTSD patients; see e.g. Ehlers et al., 2005). Therefore, instead 
of calling for new treatment approaches per se, we call for the person-
alisation of clinical formulation and corresponding treatment based on 
the provided learning framework. Below we present how adjunct could 

be added to pre-existing PTSD treatments to address deficits across each 
of afore-outlined stages. 

5.5. Mental representation 

We recognise that strong priors are often difficult to modulate, 
however there has been some evidence showing the efficacy in cognitive 
based approaches, such as Cognitive Processing Therapy (CPT) in suc-
cessfully modulating strongly held PTSD-related appraisals amongst 
rape survivors (Iverson et al., 2015) and combat veterans (Monson et al., 
2006). Concerningly, treatment non-response rates for CPT have shown 
to be similar to those of PE (Monson et al., 2006). Therefore, it is not 
surprising that it has been postulated that individuals who do not benefit 
from CPT may need to engage in further work challenging and 
restructuring strongly held priors to successfully ameliorate their 
symptoms (Stein et al., 2012). Skills Training in Affective and Inter-
personal Regulation (STAIR; Cloitre and Schmidt, 2015) is one such 
phase-based treatment designed to identify core beliefs that are mal-
adaptive and try to moderate these, as well as do emotion regulation 
(which includes identifying and labelling emotions) prior to engaging 
the patient in trauma-focused treatments. Furthermore, the role of 
interoception in modulating strongly held priors is supported by findings 
showing that changing the bodily milieu via physical activity and/or 
relaxation might be of benefit (Rosenbaum et al., 2015). 

5.6. Emotional valuation 

A potential alternative treatment for individuals with aberrations in 
emotional valuation is the Unified Protocol (UP). UP is an emotion- 
focused, cognitive-behavioural intervention developed to target core 
temperamental characteristics underlying emotional disorders. Devel-
opment of the treatment is based on findings that individuals with 
emotional disorders not only experience heightened levels of negative 
affect, but they also find the experience of negative emotions more 
distressing and are less accepting of their emotional experiences than 
healthy individuals (Tull and Roemer, 2007). Consequently, they engage 
in efforts to suppress or avoid the emotional experience, which para-
doxically results in the persistence of emotional distress and associated 
interference (impaired habituation; Abramowitz et al., 2001; Moore 
et al., 2008). It is the interpretation of emotions as unacceptable or 
intolerable and subsequent attempts to control the emotional experience 
that is the proposed mechanism for the maintenance of emotional dis-
order symptomatology (Barlow et al., 2014). The primary hypothesised 
mechanism of change in UP is the development of present-focused, 
non-judgemental emotional awareness to reduce emotional suppres-
sion and prolonged reactivity to emotional experiences making it a 
viable alternative, non-trauma-focused treatment for patients presenting 
with PTSD and emotional processing deficits (e.g. those high in alex-
ithymia). Difficulties with psycho-physiological discordance are 
addressed via tracking of the three components of emotional experience 
(cognitive, physiological and behavioural), therefore increasing atten-
tion and concordance between physiological and appraisal components 
in emotional experiences. 

5.7. Action selection 

Specifically speaking to our aforementioned biases (active and 
inference) mindfulness based interventions (e.g. Mindfulness Based 
Stress Reduction; Kabat-Zinn, 1990) or interoceptive training (Young 
et al., 2019), or exposures may help increase emotion regulation flexi-
bility, therefore challenging a predisposition to one form of inference 
(active or perceptual). The exposures used are designed to induce 
arousal-related but harmless bodily sensations. Examples from Taylor 
(2000) include: spinning in a chair, hyperventilation, breath holding, 
breathing through a narrow straw, running up stairs, and staring at a 
visual grid (which induces visual illusions). These exercises are safe and 
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effective in producing bodily sensations, such as dizziness, dyspnea, 
faintness, palpitations, paresthesias, and derealisation (Taylor, 2000). 
The importance of interoception promoting emotional agency is sup-
ported by findings demonstrating that awareness of one’s bodily feelings 
seem to be of central importance for the effective regulation of 
emotional responses (for review, see Pinna and Edwards, 2020). This is 
supported by several studies exploring benefits of adjunct interoceptive 
exposures prior to PE and found that interoceptive exposures were 
associated with decreased PTSD symptomology and improved emotion 
regulation at post-treatment with further reductions in symptomology 
reported at three-, six- and, twelve-month follow-up (Wald and Taylor, 
2007). 

5.8. Outcome evaluation 

Sensory discrimination training aimed at improving patients’ ability 
to accurately process sensory information may also be a valuable 
adjunct to PTSD interventions. Sensory discrimination training ad-
dresses the easy triggering of intrusive memories by matching sensory 
cues. Patients learn to identify the subtle sensory triggers of re- 
experiencing and learn to realise that they are not responding to 
objective ‘real-time’ information. This is achieved by the patient 
learning to pay close attention to the differences between the trauma- 
related stimuli and the present context (then vs now). Sensory 
discrimination training has shown promising results in the treatment of 
phantom limb pain (Moseley and Wiech, 2009) and is also considered an 
important part of cognitive treatment approaches for PTSD (Ehlers et al., 
2005). Similarly neuro- and bio-feedback training may also be plausible 
adjuncts. Both of these approaches involve the modulation of either 
brain activity via fMRI or EEG activity (neurofeedback) or physiological 
activity such as heart rate (biofeedback). This increased attention to and 
agency over precision signal to overcome an allostatic challenge may 
facilitate upgrading of the internal model and generalise into a greater 
sense of general agency. This is supported by findings demonstrating 
both approaches to be efficacious in improving PTSD symptomology, 
reported quality of life and motivations for subsequent trauma-focused 
treatments (Chiba et al., 2019; Morina et al., 2012; van der Kolk et al., 
2016). Treatments could also target circuits that are related to conscious 
feeling states. For example, some patients may display aberrant stimulus 
generalization and fail to recognise or appropriately label the bound-
aries separating different gradations of threat, leading them to inap-
propriately label ambiguous stimuli as threatening (LeDoux and Pine, 
2016). For these patients, treatment may begin by incrementally 
teaching them to improve their ability to recognize, describe, and label 
these nuanced boundaries. 

5.9. Limitations and future research 

In the present article, we aimed to outline mechanisms of maladap-
tive learning in PTSD and treatment response through the lens of pre-
dictive coding. Although we hope that this account may provide useful 
insights into the understanding of PTSD presentations and treatment, we 
also recognise that it has some limitations. 

Firstly, we acknowledge that while our listed stage-specific in-
terventions are an example of modalities aimed to primarily target 
stage-specific deficits, they may also equally impact other stages as well. 
For example, while we indicate that lifestyle medicine approaches for 
deficits in mental representation (stage 1), these functional indicators 
may also impact action selection (stage 3) as there is an established 
interplay between sleep and emotion regulation (Mauss et al., 2013). 
However, we view these non-discrete secondary effects of proposed in-
terventions as a fortuitous benefit of our approach. Ongoing evaluation 
of our proposed mechanisms will yield more data about how our in-
terventions effect discrete and all proposed stages. 

Further, we acknowledge that predictive coding accounts to psy-
chiatric presentations is not unique to PTSD. Rather these positions may 

provide a unified framework for deviations in mechanisms which may 
explain heterogeneity within and between clinical presentations. For 
example, predictive coding positions have been useful in formulating 
perceptual disturbance in psychosis as a mismatch between prior beliefs 
and incoming signals (Fletcher and Frith, 2009). However, in the context 
of PTSD, higher weighting provided to cues signalling danger and lower 
weighting (i.e. noise) provided to cues signalling safety prohibit the 
updating of priors necessary to challenging the beliefs that the world is 
perpetually dangerous. 

Our account does not distinguish explicitly between different trauma 
types, co-morbidities or clinical subtypes. Several authors have argued 
that different traumatic events may have differential effects on the 
course of symptoms and the prognosis of treatment, depending on 
whether it is a single-incident (Type 1) versus multiple (Type 2) traumas 
and whether the trauma is interpersonal in nature (Ehring and Quack, 
2010). However, previous accounts (Kube et al., 2020; Wilkinson et al., 
2017) suggest that the predictive coding framework might be well 
compatible with trauma types and symptom profiles. However, it is 
arguable that our account of PTSD and treatment response at the mental 
representation stage may be attributable to pre-existing psycho-deve-
lopmental vulnerabilities, such as childhood maltreatment (see e.g. Van 
Dam et al., 2014). 

It is important to note that the predictive coding model does not 
reduce PTSD to a single cause or treatment to one modality. Rather it is a 
novel and unified framework which could personalise treatment via 
combinations of existing approaches. Due to the theoretical nature of 
our proposed perspective, the integration of these four stages and their 
corresponding physiological and psychological components within the 
predictive processing framework does not have any current specific 
clinical implications. We hope that future additional research will 
facilitate the discovery of specific clinical uses. However, the hypotheses 
presented herein need to be tested via empirical work and revised ac-
cording to those elements that are verified versus disconfirmed. 
Accordingly, we discuss possible directions for future research into the 
mechanisms of PTSD treatment that are pressing from a predictive 
coding perspective. In Table 1, we present additional specific hypotheses 
derived from our account. We also present some suggestions as to how 
this could be validated experimentally. 

Mental representations provide an individual with information about 
potential courses of action that need to be evaluated, as well as the in-
ternal and external states that inform those evaluations, therefore dys-
regulations in mechanisms of allostasis may be a proxy for measuring 
difficulties in this stage. Research exploring whether mental represen-
tation problems in PTSD are linked to high allostatic load could explore 
the link between markers of allostatic load (e.g. cortisol, cumulative 
trauma/stress measures), psychopathology, and psychosocial diffi-
culties. Secondly, emotional valuation difficulties as characterised by 
psycho-physiological discordance could use explore intercorrelations of 
physiological and psychological responding to emotional stimuli such a 
trauma-script task. Third, to test our hypothesis that problems in the 
action-selection stage are a result of an inference bias which is oper-
ationalised by emotion regulation inflexibility research could utilise 
Ecological Momentary Analysis (EMA) to assess regulation strategy 
variance. Further research could also use emotion flexibility paradigm 
(Sheppes et al., 2014) and assess how closely performance on this is 
associated with one’s interoceptive accuracy which is measured by tasks 
such as the heartbeat detection task (Schandry, 1981). In regard to our 
final hypothesis regarding difficulties in outcome evaluation relating to 
threat, the use of pre-pulse inhibition (PPI) tasks may help assess 
whether contextual sensory processing deficits are linked to less treat-
ment response in trauma-focused treatments. PPI involves a measure of 
arousal modulation and orientation to the environment. PPI is an 
automatic and pre-attentive process, whereby a weak stimulus attenu-
ates responding to a sudden and intense startle stimulus. This weak 
stimulus reduces interruption of ongoing processing by the startle 
response and enhances subsequent processing of the most salient aspect 
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of the environment (Blumenthal et al., 2015). Therefore, PPI may pro-
vide insight into how an individual with PTSD attunes to sensory in-
formation of different quality and intensity, i.e. tending to safety- and 
startle/threat-related contextual sensory information. 

6. Conclusion 

In this article, we drew on recent advances in predictive coding 
models of emotion to outline potential difficulties in value-based deci-
sion-making for PTSD and related treatment response. This is of 
particular importance given the high rate of treatment non-response 
among those with PTSD. Specifically we outlined how PTSD pre-
sentations and treatment response may result from one or more prob-
lems in stages of value-based decision making: (1) mental 
representation; (2) emotional valuation; (3) action selection and, (4) 
outcome evaluation. Given the promising new research directions that 
were inspired by previous predictive coding accounts of mental disor-
ders, we believe that this perspective can also provide novel insights and 
research into the understanding of mechanisms of PTSD treatment 
resistance. 
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