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The dynamics of pain avoidance: The exploration-exploitation dilemma

Pain can be described as an urge to escape from bodily threat, and is a driver of avoidance
learning [8,13,66,69]. Although avoidance can be helpful in the early phases of pain, it can
interfere with individuals’ valued life goals, causing disability and distress [15,32,64].
Specifically, when performed after an injury has healed, avoidance may prevent individuals from
updating their knowledge about their body, resulting in the maintenance of avoidance even when
pain is no longer present (e.g., [37,49]). The idea that avoidance is a maintaining factor in
disabling pain has inspired research about how avoidance is learned and can be reduced
[8,37,66]. Despite this increased interest, current pain avoidance research has yet to fully
acknowledge at least two observations in clinical practice. The first observation relates to
avoidance reduction techniques (exposure-based therapies) and their laboratory parallels (e.g.,
extinction with response prevention procedures). Across those techniques there is often the
assumption that performing the avoidance response is unnecessary when the injury has healed
(often the case in chronic pain) and thus avoidance should be stopped. However, a feared
movement will often remain painful, possibly urging individuals to continue avoiding such
actions [8]. Second, pain avoidance is commonly conceptualized and tested as the result of
simple learning processes, where individuals quickly learn to avoid performing movements
paired with pain or harm [28]. However, in everyday life pain avoidance emerges in dynamic
environments, where individuals sometimes will not perform an action that is expected to
increase pain or bodily harm, but at other times they will [28]. These observations suggest that
current avoidance research need to consider pain avoidance as a dynamic phenomenon, meaning

that the benefits and the costs of avoidance may vary as a function of the goals and the contexts
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within it is expressed. In this topical review we argue that reconceptualizing the dynamic nature
of pain avoidance in terms of how individuals solve the so-called exploration-exploitation
dilemma (EED) opens a new window on how to study and treat avoidance in chronic pain [27].
Specifically, we argue below that a EED framework offers a more informative approach for
investigating laboratory avoidance compared to existing procedures (e.g., conditioning).
Acquisition and maintenance of pain avoidance

Traditionally, avoidance has been argued to be the outcome of learning that situations are
predictive of aversive events (e.g., pain) and as such the appropriate response should be emitted
to prevent such events to occur [37,66,68]. Going beyond this traditional view, motivational
accounts consider avoidance as the result of a trade-off between preventing pain with some cost,
versus achieving a valued goal despite pain (e.g., [4,7]). There are several ways to understand
this trade-off. Here we describe it in terms of the organism balancing between exploration and
exploitation. Exploration is the search for novel information whereas exploitation is utilizing the
knowledge already achieved (see [36] for alternative definitions). Exploration is typically
associated with curiosity [40] whereas exploitation has been associated with dedicated,
purposeful, goal-directed actions over an extended period [19]. Learning usually starts with
exploration, which then gradually converges to the exploitation of the knowledge that is
associated with better outcomes [19]. Both exploration and exploitation are imperative for
survival [14,22]. Explorative behavior enables the discovery of actions that lead to stronger
rewards, and exploitation is the repetition of choices known to be favourable. However, both hold
risks. Exploration may increase the risk of wasting unnecessary energy or the occurrence of
unknown threats [5], whereas exploitation may hold the risk that actions are repeated despite

diminishing benefits [5,36,56]. How individuals balance their decisions between exploration and
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exploitation is a key topic of research in computer science [56], machine learning [2], and
neuroscience [53]. Pain avoidance research may greatly benefit from that research, especially
those from the computer sciences [48,57].

The theoretical models of EED [17,36,57] (see Figure 1 for an example) describe how in-
dividuals learn to predict future salient events (either appetitive or aversive) by making a cascade
of decisions that may lead to aversive or appetitive outcomes [53]. In each step (or state [57]), the
individual makes predictions about the outcomes of each action. The predictions are based on
multiple sources of information, broadly classified as a) individual (e.g., personal knowledge
about a situation, stress levels [31], b) environmental (e.g., the available resources in each situa-
tion), and c) social (e.g., knowledge acquired through others; refer to [20,24] for relevant re-

search).

The integration of all this information results in so-called prior knowledge in Bayesian
models, or generative model in active inference models (see also [55,60]), about the
actions/stimuli and their probability of being followed by aversive/appetitive outcomes. Using
that prior knowledge [58,59], individuals have the option to explore alternative ways to search for
new or additional knowledge (exploration) or decide to take advantage of the information they
already have (exploitation). After deciding and having performed the chosen action, the outcome
of the behaviour is observed, and the knowledge of the individual is updated accordingly. In case
of expectancy confirmation, the prior knowledge is strengthened whereas in the opposite case the
prior knowledge is weakened. The larger the discrepancy between the prediction and the actual

event, the more learning occurs [38,50].
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In comparison to the current learning models for studying avoidance in pain [26], these
EED models can provide a better account of avoidance for at least three reasons. First, EED
models can account for the dynamic nature of every-day behaviour, where avoidance may be
expressed in some contexts (e.g., when pain levels or risk of bodily harm are high) but stopped in
other situations (e.g., when pain levels remain but are low), depending on the current
circumstances [30,61]. This dynamic character of avoidance aligns well with the dynamic nature
of pain. For example, using Experienced Sampling Methods (ESM), where participants report
pain levels multiple times a day, Selby et al., [52] showed that pain fluctuates over time in
individuals committing self-injury. ESM could also be expanded to track avoidance as well (see
also [9] for another ESM study with pain). Second, by focusing on variability in past experiences,
EED can account for individual differences in excessive avoidance acquisition and reduction
during exposure treatments, with earlier negative experiences [23] resulting in faster acquisition
and slower extinction of avoidance behavior [35,62]. To illustrate, evidence suggests that
exploration increases with more physical strength, cognitive capacity, and reduced levels of
dopamine (see [4] for a review). It remains to be tested whether these individual differences also
play a role in pain avoidance. A third reason is that research in the animal literature has
extensively delved into EED, highlighting the continuity between human and non-human
animals. Research on non-human animals has inspired human studies, offering fresh perspectives
and challenges in grasping complex human behavior (see [1,36,41] for the relevant literature).
This involves human research on associative learning theory, which heavily leans on animal
studies[11], like those examining the role of conditioning in pain[66]. Additionally, studies have
explored decision-making amid varying levels of uncertainty, aiming to compare human and non-

human decision-making strategies, particularly in economic decision-making scenarios[10].
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Collectively, EED models can help in accounting for dynamic, real-life environments,

holding promise that we can have a more accurate account of behavioural decision making

in pain. In the next section, we expand on how EED models can help in reconsidering and

expanding current views of the extinction of avoidance behavior in individuals with

chronic pain.

Extinction of pain avoidance

One of the challenges in clinical practice is the reduction of disabling avoidance.
Exposure-based treatments are becoming more prevalent and have demonstrated efficacy in
reducing levels of pain-related fear [18,51,65]. The aim of exposure is to create a discrepancy
between the prediction that certain pain-relevant (proprioceptive or interoceptive) stimuli lead to
increased pain or bodily harm and the actual event (e.g., that harm does not necessarily follow).
For example, if a patient is afraid of bending because of an expected spine injury, they will be
encouraged to bend, creating the surprising experience that this movement does not result in
actual injury. These expectancy violations provide opportunities for new learning (e.g., bending
is safe) and are also in line with the theoretical models described in the previous section. Despite
the ample evidence that exposure-based treatments successfully reduce pain-related fear,
recurrence of fear and avoidance is common [8,54]. Here, we suggest that exposure-based
treatments can be seen as a way to optimize the balance between exploration and exploitation
[67].

First, drawing from the theoretical framework explained above (see Figure 1), increasing
curiosity between the actions that are expected to result in pain and their actual outcomes will
encourage exploration [16,40]. This can be done by increasing the uncertainty that pain will

follow a pain-related stimulus or action. By this strategy, the information value of the pain-
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related stimulus or action increases, and thus exploration is encouraged [40]. Second,
encouraging individuals to engage in novel actions that are valuable on their own is likely to
promote exploration (see [1] for relevant animal research). In addition, rewards for novel actions
can be added, or reminding individuals that some feared actions can be followed by a rewarding
outcome. Third, from the EED perspective, exposure can be considered a dynamic strategy that
varies in time and context. Depending on the goal, the individual switches between exploring
new actions and exploiting known ones. At the start of the treatment, new knowledge is acquired
about the meaning of pain, and the associations between injury, pain, avoidance, and the
disabling interference in daily life activities. After the exploration of this new knowledge, there
could be a gradual shift in frequency from less exploration and more exploitation. In that sense, a
key goal of exposure treatment is finding a balance between rest vs. activity, stability vs. change,
and inflexibility vs. flexibility through a sequence of behavioral experiments. The presented EED
model could prove helpful also for interpreting other therapies than exposure. For example,
pacing [44] or the regulation of boom-bust pattern of activities [43] can also be reconsidered as a
strategy to shift between activity and rest, or how it is here explained exploration of novel actions
or exploitation of known ones.

The EED also holds the potential to introduce a novel mechanistic framework for
comprehending behavioural responses to pain, which can contribute to the development of
treatments at an individual level. The progression of computational modelling (e.g., [29]) and
machine learning presents modern algorithms that can enhance our understanding of the
mechanisms underlying pain-related behavior. The combination of formal models and clinical
knowledge could also help to better understand and reduce excessive pain avoidance. This is the

case with computational medicine, where computational models are used to capture all
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information known about a enabling the derivation of predictions regarding potential therapeutic
targets[6]. Also, this computational approach is already successful in areas like clinical
psychology[3]. For instance, by identifying variations in reward reinforcement patterns on an
individual basis, this knowledge can be translated into treatment paradigms that require enhanced
reward stimuli compared to standard one-size-fits-all treatment protocols. It is timely for pain
researchers to embrace the advancements in computational research and effectively translate
those insights into the domain of pain.
Avenues for future research

The application of the EED in the field of pain offers new opportunities for the study of
pain avoidance, and below we present some research lines.

First, research has revealed various individual factors that can influence EED choices (see
[36] for a review), but these await corroboration in the field of pain. Furthermore, it would be
beneficial to examine individual difference variables that have been identified as relevant in the
context of fear learning (e.g., intolerance of uncertainty [27,42]), avoidance learning (e.g.,
emotional stability [33]), or context (e.g., where fear extinction takes place [46]). This knowledge
could help in detecting which individual characteristics predict imbalances between exploration
and exploitation behaviour. Identifying individual differences that forecast a tendency toward
increased exploitation could aid in tailoring personalized care for individuals with chronic pain.
In this line of work, single case experimental designs [25,45] are particularly useful as they allow
testing different treatments using idiographic measures without requiring large samples.

Second, certain clinical insights have not yet been incorporated into theoretical
frameworks and experimental research. To illustrate, exposure-based protocols typically account

for the dynamic nature of pain, and formulate personalized protocols tailored to individual
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clients. This is currently not the case with formal theories of pain. Computational modelling
enables the connection of theoretical models of psychological responses (e.g., pain avoidance) to
experimental observations [29]. For example, interoceptive psychopathology and pain have been
explained via active inference models [47]. However, such models are often only informed by
laboratory data and not so much of clinical data. The combination of formal models and clinical
knowledge could also help to better understand and reduce excessive pain avoidance [63].

Third, decision-making implies that an explicit decision is made. Making no decision at all
could also be construed as avoidance behavior [12,21,34,39], such as is the case when postponing
a serious surgical operation unless more information is acquired about the current condition of
the patient. Such non-decisions seem to be just another instance of the EED, where individuals
prefer sticking with the information they have, rather than risking experiencing pain by exploring
new options.

Lastly, a major challenge is how to model the complexity of real-world situations, where
there is a panoply of options to choose from. In experimental studies so far, participants usually
perform highly controlled tasks including few options and relatively simple probability
distributions over pain and rewards following each option [27]. There is a need for studying EED
in real world environments using wearable sensors capturing moment-to moment fluctuations
[61], for example by using geolocation tracking to quantify exploration variability in daily
movement patterns. To illustrate, Saragosa-Harris et al. [34] found that days of higher exploration
were associated with greater positive affect and greater social connectivity, irrespective of age.
Higher mean exploration was also associated with higher risk taking among adolescents [34].
These methods are promising, as they could be used to track the effects of exposure treatments on

the exploration-exploitation balance in naturalistic settings of the patient.
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Conclusion
In this review we propose to study pain avoidance from the lens of the EED. To move
beyond the idea that avoidance is something that once learned in acute pain and always will be
performed in chronic pain, we suggest viewing behaviour as a chain of exploration-exploitation
decisions irrespective of pain duration. The EED framework is a value-free new approach of pain
avoidance considering its dynamic nature in real life environments. Such view holds the promise

for designing more refined individually tailored pain treatments.
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Figure 1. Schematic of the differences between the standard acute/chronic pain distinction and
the basic exploration-exploitation model. A) According to the standard acute/chronic pain
dichotomy, following an injury, the individual experiences acute pain, where avoidance is largely
adaptive. If that pain persists for more than 3 months, then acute pain transforms to chronic pain
and adaptive avoidance to maladaptive. B) Example visualization of the EED decision process.
In it, an individual enters a loop where they encounter different states. Based on the (prior)
knowledge that the individual has they need to balance between exploration and exploitation and
perform an action (here running). After the action, an outcome is observed (here pain or no pain)
after which the individual enters the next state, and a similar procedure is followed. See main text

for more information.
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