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Abstract 
Motivational trade-off behaviours, where an organism behaves as if flexibly weighing up an opportunity 
for reward against a risk of injury, are often regarded as evidence that the organism  has valenced 
experiences like pain. This type of evidence has been influential in shifting opinion regarding crabs and 
insects. Critics note that (i) the precise links between trade-offs and consciousness are not fully known; 
(ii) simple trade-offs are evinced by the nematode worm Caenorhabditis elegans, mediated by a 
mechanism plausibly too simple to support conscious experience; (iii) pain can sometimes interfere with 
rather than support making trade-offs rationally. However, rather than undermining trade-off evidence in 
general, such cases show that the nature of the trade-off, and its underlying neural substrate, matter. We 
investigate precisely how. 
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1. Introduction 
 

We are sentient beings, undergoing conscious experiences which feel good or bad, such 
as pleasure and pain.  Other animals have such experiences too—but which animals exactly?  

Attributions of sentience to other mammals, though once controversial, are now widely 
accepted. Controversy in recent years has centred on taxa that are further from humans in 
evolutionary terms: especially fishes [1,2] and invertebrates such as insects [3,4], crustaceans [5], 
and octopuses [6]. Substantial uncertainty remains in all these cases, reflecting deep 
methodological disagreement and a lack of conclusive, well-validated tests of sentience [7–9]. 
​ Faced with this uncertainty, several authors advocate testing for a wide range of 
behavioural and neural ‘markers’ [5,10–21]. Each marker is regarded, if found, as strengthening 
the evidence for some species’ capacity to feel pain. While practical applications of this 
approach have so far simply sought evidence for whether species have markers from 
pre-determined lists [4-6], theoretical discussions have emphasised that such lists should not be 
treated as static.  Instead we should investigate as many potential markers as possible, combining 
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this investigation with theoretical work that iteratively improves the list of markers [8-21]. The 
list is always a work in progress, subject to regular revision and updating.  

According to this approach, if any test has some face validity—if it is plausible that it 
provides at least some evidence of pain—and is practically applicable, then, as a starting point, it 
should be attempted. No single test will be conclusive. But with enough investigations, we will 
be able to study the emerging patterns in the test results, and with luck a picture will emerge that 
supports greater confidence than any one test could. We will see how the results of this test 
cluster with those of others (e.g. do we tend to find that species passing tests A, B, and C, also 
tend to pass test D?) and improve our understanding of the mechanisms supporting performance 
on the tests and ways in which they might relate to sentience. That is, we will find the ‘natural 
kinds’ that our initial definition of pain pointed loosely towards. All the while, our rational 
degree of belief as to whether various species experience pain will be shifted upwards or 
downwards by the new evidence, helping us make better decisions. 
​ Methodological strategies of this general shape (that is: no initial commitment to a single 
theory, a pluralistic search for markers, iterative improvement of the list of markers and their 
theoretical basis, and the goal of identifying natural kinds and underlying mechanisms) have 
been advocated by a wide range of authors under various labels [10–21]. An important idea for 
all these authors is that subjectively experienced states are not so special and mysterious as to be 
beyond the reach of normal scientific methods: we should approach them like we would 
approach any poorly understood natural kind. Some have argued that this downplays the special 
methodological issues raised by subjective experience [22–24]. In this article we will assume the 
soundness of the basic strategy in order to focus on issues raised by one specific family of 
tests—tests for motivational trade-offs—and consider how critiques of trade-off experiments can 
be used to help iteratively improve the marker and our use of it.   
​ Motivational trade-offs occur when animals make flexible decisions that take into 
account multiple conflicting motivations—how much of an unpleasant stimulus to withstand for a 
certain reward, how much of an opportunity for one kind of reward to give up for another, and so 
on.  This behaviour appears in several lists of markers of pain/sentience [5,25,26].  However, 
various critiques have been offered of trade-offs as an indicator of pain. We review some 
prominent examples of trade-off behaviours (without aspiring to be exhaustive), then discuss 
three lines of criticism. We argue that the criticisms fail to motivate abandoning trade-offs as a 
marker, but do motivate refining it. More precision is needed about trade-offs in question and the 
mechanisms that support them. These refinements could inspire a new generation of trade-off 
experiments that will allow further iterative improvements. 

2. What are motivational trade-offs? 
A major upshot of this paper will be that details about how specific trade-offs are 

achieved matter to the implications for sentience.  In this vein, it is important to be clear from the 
outset that only some trade-offs are motivational trade-offs.  No one has claimed that all 
trade-offs are evidence for sentience.  Natural selection makes many trade-offs for us. Some are 
unrelated to cognition: body plans, for example, reflect trade-offs between factors like mobility, 
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robustness, nutritional requirements and so forth.  Others pertain to cognitive architecture: for 
example, chickadee populations in harsher climates appear to have been selected for stronger 
spatial memory at the expense of lower cognitive flexibility [43]. Sometimes developmental 
plasticity supports flexible adjustment to an environmental trade-off without relying on sentience 
or requiring the organism to represent the trade-off. For example, zebra finch chicks’ begging 
behaviour and growth pattern both adjust to fit their particular nest temperature thanks to their 
parents acoustically signalling the temperature to their embryos, but the mechanism in this case 
is developmental plasticity, not sentience [44]. 

In other cases, what is selected for are simple heuristics, behavioural strategies, or even 
fixed action patterns triggered by specific sensory inputs [45]. These may produce behaviour that 
appears to reflect a balancing of different evolutionary costs and benefits without requiring the 
animal to represent the costs and benefits. For example, parasitoid wasps lay their eggs in hosts 
such as caterpillars or aphids, and need to determine how long to stay laying eggs in any given 
patch before moving off to find another one, trading off being sure of laying eggs in a suitable 
patch now with the possibility of laying them in a better patch later.  In principle, wasps could 
make this trade-off using affective experiences (e.g. a growing urge to move as time passes, 
dependent on patch quality). However, they seem to solve the problem in a different way. They 
have developed specialised, likely inflexible decision rules, which produce behaviour that, on 
average, approximates the optimal trade-off for specific species in their particular environments. 
One example of such a rule in some species is leaving any given patch in any given period with a 
probability that depends on how many hosts they have encountered in that patch [46].  Such 
mechanisms do not seem to rely on feeling the patches to be good or bad. 

Motivational trade-offs are different;  they are behaviours that plausibly result from 
balancing different motivations. In these cases, a process of representing and balancing options  
forms part of the proximate mechanism supporting the behaviour. This can be contrasted with 
any case in which talk of ‘trade-offs’ merely describes competition between evolutionary 
pressures that shaped the proximate mechanism. When the organism is resolving motivational 
conflicts flexibly in real time, it becomes more reasonable to posit that sentience might be part of 
the mechanism through which the conflict is resolved. 
 

3. Motivational trade-offs: the story so far 
 

Motivational trade-offs have been shown in a wide variety of species, with corresponding 
variety in experiments testing for them.  

In the 1980s and 1990s, Cabanac and colleagues studied trade-offs in an attempt to show 
that a ‘common currency’ of valenced experience enabled animals to choose between competing 
motivations across very different domains.  In an early experiment, they showed that when rats 
had to traverse a cold tunnel to access food, they responded by having larger but less frequent 
meals [27]. In later work, they found behaviours showing smooth, continuous changes in the 
amount of one resource subjects were willing to sacrifice to attain another. Balasko and Cabanac 
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made water-deprived rats choose how much of a liquid to consume, with two different variables 
affecting this decision: the ambient temperature of the tunnel the rats had to traverse to get to the 
liquid and the sweetness (saccharine concentration) of the liquid.  Incrementally higher 
temperature and incrementally higher sweetness both caused incrementally higher liquid 
consumption, and Balasko & Cabanac were able to construct a trade-off surface predicting how 
much liquid a rat would consume at a novel temperature-concentration combination [28].  The 
smooth trade-off shows a balancing or weighing process: it was not that rats simply stopped 
caring about saccharine at a certain temperature level or vice versa, a pattern found with much 
earlier studies on the effects of electric shocks on eating [29].   

These smooth trade-offs, together with neural evidence that certain kinds of brain 
stimulation could provide a reward that does not show satiety (suggesting it signals reward in 
general rather than the satisfaction of any specific need [30]), were used by Cabanac and 
colleagues to argue that rats were making such decisions by converting disparate motivations 
into the common currency of affective experience, in line with their earlier theoretical 
suggestions about the importance of such a common currency to all decision-making [31]. The 
cold felt bad, the sweetness felt good, and the rats carried on feeding for as long as the 
experience as a whole felt good on balance. 

This approach was applied not just in rats, but in a wide array of species, such as iguanas 
[32], goldfish, and trout [33,34].  Two bodies of work have subsequently investigated trade-offs 
in invertebrates. 
​ Elwood and colleagues pursued a somewhat different line of investigation into hermit 
crabs (reviewed in [35]). They took advantage of a natural behaviour: hermit crabs select shells 
to live in.  They therefore face decisions that involve weighing up advantages and disadvantages 
of different options. They have to make decisions like: Should I choose this shell or that shell? 
Should I leave my current shell to enter that one? Is it worth attempting to fight the current 
occupant of that shell to try to get it for myself?  Elwood showed that crabs make these decisions 
in ways which are sensitive to their current levels of fatigue; the properties of the different shells 
in question, including colour (i.e. camouflage potential in a specific environment), fit, weight, 
size (and they can base their estimate of these properties on memory, vision or touch, depending 
on whether they are currently inside a given shell or looking at it from the outside); a potential 
opponent’s likely fighting performance; and numerous contextual factors, such as chemical cues 
or the presence of predators, the kind of predators they are likely to face (defending against 
shell-crushers vs. shell-peelers calls for shells of different properties), and the potential need and 
opportunity to fit through small gaps [36–38]; and further evidence of similar trade-offs has been 
found by other labs [39,40] and in other crab species [41].   

Perhaps these factors suggest complex decision-making, but do they suggest sentience? 
The key experiments here involve crabs’ behaviour following small electric shocks. This 
produces various behaviours independently suggestive of pain: wound-tending behaviour, 
investigation of the shell (as if to see what caused the pain), and an increased willingness to 
investigate and choose other shells for 24 hours afterwards. The aspects of their behaviour that 
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most directly imply a trade-off relate to how likely they are to leave immediately: higher-voltage 
shocks make them more likely to leave, with a higher voltage required to make them leave if the 
shell is more desirable or if they sense a predator odour. 

Gibbons et al. [42] investigated trade-off behaviours in bumblebees. Bees chose between 
feeders at which they could either receive a high-value reward (high sucrose concentration) or a 
lower-value reward. In some conditions, access to the high-value reward would require sitting on 
a surface heated to an aversive temperature. As an alternative, they could go to a 
room-temperature feeder where they received the lower-value reward. When the feeders had the 
same level of reward, bees overwhelmingly chose the room-temperature feeder. When rewards in 
the aversive temperature were much higher, most bees chose to tolerate the higher temperature in 
order to get them. For intermediate differences in reward level, the observed choices were more 
finely balanced, with some bees choosing aversive heat and intermediate reward and others 
choosing lower-value reward and room temperature. Importantly,  the trade-off was evident in 
where the bees chose to land, a choice that must have been based on memories or on learned 
associations, given that they would not experience the pros and cons of each feeder until after 
landing. In a follow-up experiment reported in [4], Gibbons and colleagues  modified the setup 
so that, in the test phase, the feeders did not have any reward, and they found (admittedly with a 
sample size of only 10) that bees still chose to land at the feeders in the same pattern, using their 
past experience as a guide. In this respect this study resembled one of the experiments on shore 
crabs, which tested whether subjects retained evaluative information from past experiences [41].  

As with other experiments in comparative cognition, some of these specific findings have 
not been directly or extensively replicated. While this work is valuable, therefore, it is important 
to not put excessive weight on any single finding. However, our focus here will be on three 
major criticisms targeting the very idea that such behaviour, when reliably present, is indicative 
of sentience.  The following sections review these, arguing that the right response is more 
precision about the idea of a trade-off and more experimental investigation, not abandoning 
trade-offs as a relevant line of evidence.  This will also allow us to uncover relevant differences 
in details between experimental designs. 

4. First problem: Missing evidence (so far) of a link to conscious experience 
 

One common complaint about motivational trade-offs is that there is a lack of strong 
justification for thinking that trade-offs could not result from wholly unconscious 
processing—processing that does not feel like anything from the animal’s point of view.  After 
all, as Sec. 2 showed, sentience is not required for other kinds of trade-off. Why are motivational 
trade-offs different? 

When explaining why motivational trade-off tests have face validity as a marker of pain, 
authors cite several considerations. One is that they imply that the animal in question is not 
merely relying on a reflex: they require centralised processing in the brain (e.g. “These responses 
are not mere nociceptive reflexes; rather they are consistent with the predictions of a pain 
experience and, hence, sentience” [35]; “What is important here is … they do suggest that what 
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is going on is not just a bodily reflex” [47]; see also [48]). Some also highlight that they involve 
information integration [49], flexibility, intelligence, and suggest deliberation in light of seeing 
different possibilities as good and bad [47].   

However, it is questionable whether any of these properties is both clearly implied by the 
behaviours surveyed  and strongly linked to conscious experience. Granted, it is very plausible 
that one necessary condition for a painful conscious experience of a noxious stimulus is that the 
stimulus is centrally processed. Yet it is not a sufficient condition. Plenty of brain processing 
involves integrating information yet remains unconscious, such as processing of retinal input 
very early in the visual hierarchy, or cerebellar control of posture. So, finding centralised 
integrative processing of nociceptive information may raise the probability of pain; but that 
probability might remain low. Positing deliberation and intelligence of a kind that implies 
consciousness, meanwhile, seems to go beyond the available evidence. 

When evaluating the evidence, it is important to understand that trade-offs do refute some 
outdated, yet still widely held, positions. Insects are sometimes dismissed as ‘reflex machines’ 
whose behaviour is entirely inflexible. Proponents of this view point to what appears to be 
strikingly inflexible behaviour, such as the alleged tendency of digger wasps to repeatedly 
perform a stereotyped action of moving a cricket to the opening or their nest without noticing 
that it keeps being moved away, discussed famously by Dennett [50].  This view ignores 
examples of considerable flexibility even in digger wasps’ behaviour in similar scenarios [51], 
and trade-offs further undermine seeing insect behaviour as generally inflexible.  Others have 
suggested that, while insects may have conscious visual experiences, they do not have 
experiences that feel bad or feel good. Both of these positions are hard to reconcile with the 
trade-off evidence. This evidence shifts the dial by forcing sceptics to acknowledge that at least 
some insects do show flexible behaviour guided by centralised processing that represents and 
evaluates options. Sceptics must then fall back on the line that it is the wrong sort of centralised 
processing. However, evidence can knock down views held by poorly informed sceptics without 
thereby providing strong evidence for pain in the eyes of well-informed neutrals, and we should 
aim for experiments that do the latter. 

Two lines of evidence are currently missing for trade-offs. Firstly, the natural kind 
approaches discussed above advocate searching for correlations or clustering between different 
potential markers of sentience; it is currently unknown how far the ability to make trade-offs 
correlates across species with other potential markers like trace conditioning or reversal learning.  
Secondly, it is unclear whether a contrast between conscious and unconscious processing applies 
in the case of trade-offs.  Most human consciousness research is aimed at using techniques such 
as masking and conditions such as blindsight to tease out which forms of visual processing can 
be carried out unconsciously and which imply consciousness. Such contrasts are particularly 
important to validating markers of sentience; yet it is unclear if anyone has even investigated 
whether consciousness facilitates making trade-offs, or if it is possible for humans or other 
animals to make trade-offs just as effectively without conscious experience [14,49,52].  The 
problem is that we currently lack reliable methods for disentangling conscious and unconscious 
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affective states.  It is disputed whether unconscious affective states (or unconscious central states 
with affect-like motivational effects) are possible at all—on top of broader methodological issues 
with untangling conscious and unconscious processing even in the case of vision [23,53,54].  As 
such, perhaps we should not expect rapid progress on this front [9,14].  Nonetheless, at this 
stage, trade-offs’ relationship to consciousness is a matter more of unknowns than of problems 
known to be intractable. The message should not be to abandon them as a marker, but to 
investigate further. 

5. Second problem: The challenge from nematodes 
 

Trade-off phenomena have been observed in the nematode worm Caenorhabditis 
elegans. Despite their diminutive size (including famously having only 302 neurons), these 
worms engage in behaviour that appears to balance different goods and bads quantitatively. 
When faced with a damaging barrier (composed of Cu2+ or fructose) between them and the 
source of diacetyl, an odorant that typically signals food, worms are more likely to cross the 
barrier if the odorant is more and the barrier less concentrated [55–57].  Furthermore, these 
trade-offs are modulated by factors like food deprivation: if a worm has not eaten in a few hours, 
they will be more likely to cross the barrier, results reminiscent not only of behaviour in animals 
like us, but also in the predatory snail Pleurobranchaea californica [58].  And not only food 
deprivation: previous encounters with harmful stimuli, osmotic stress, and bacterial pathogens, 
affect these trade-offs too [59].  Some have taken these results in an organism as simple as C. 
elegans to imply that trade-offs which look motivational can be achieved without conscious 
processing [60,61].   

It would be wrong to abandon a test for sentience solely because C. elegans passes it: we 
are not in a position to rule out sentience in C. elegans conclusively enough for that.1 Indeed, 
such findings might be taken as evidence of pain in C. elegans [62]; the authors of such studies 
typically advocate for using C. elegans as a model organism for studying cognitive and affective 
processes more broadly, such as ‘rational’ and ‘irrational’ decision-making [63,64], ‘computation 
of odor value’  [63], ‘biased attention’ [63], and even ‘hedonic valence’ [65]. The authors of a 
study in which C. elegans speed up their movement and ignore food for a period following an 
electric shock interpret this as suggesting ‘a form of emotion, akin to fear’ [66].  

However, the sceptical interpretation receives support from the details of the mechanisms 
underlying C. elegans’ behaviour in these cases.  

In many decisions of this type, just one or two pairs of neurons detect each stimulus, such 
as the two AWA neurons for diacetyl, or ASH for fructose.2 The worm’s behaviour amounts to 
going forward, turning, or going backwards, and the decision of which of these to pursue is 
determined by a weighted sum of signals favouring each option (with attractive odours like 

2 As the C. elegans nervous system has been entirely mapped, individual neurons (or pairs of neurons) are named, 
with three-letter sequences like ‘AWA’. 

1 Mason and Lavery [1] pursue a more sophisticated version of this strategy for criticising other potential markers, 
focusing on multiple systems that they expect to be unconscious. 
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diacetyl favouring going forward, and threats like fructose favouring reversing), with these 
‘decisions’ often being taken in single neurons that receive inputs from the different competing 
streams of information.  Much of the processing involved is feedforward, but there are important 
recurrent connections, particularly at later stages of processing [67,68], and even early on: for 
example, the effects of food deprivation seem to be achieved by suppression of a feedback loop 
between neurons ASH and RIM that in well-fed conditions uses a slowly changing tyramine 
signal to strengthen the signal from ASH (which, detecting the dangerous fructose, promotes 
turning around rather than going forward) [57], and by signals from downstream neurons 
changing the threshold or boosting the sensitivity of neurons like AWA which detect food odours 
[59].   

A few features of this mechanism are noteworthy.  Firstly, the number of neurons and 
connections involved is often very small: In some cases, only three neurons, with connections 
from two sensory neurons to one interneuron, are required for the decision.  The number of 
neurons is not decisive: even single neurons can contain complex internal mechanisms [69].  But 
in this case the effect can be explained without appealing to such internal complexity: while the 
precise channels by which these neurons influence one another, and the genes controlling these 
channels, can be and have been uncovered in detail, all that we need to know of the mechanism 
to explain the trade-off behaviour can be captured in a very simple circuit diagram. Indeed, the 
simplicity of the mechanisms giving rise to trade-offs and the limits to the number of neurons 
introduce demonstrable limitations: C. elegans only has 12 pairs of chemosensory neurons for 
detecting a wide range of odours, including only two pairs (AWC and AWA) driving chemotaxis 
towards volatile odours specifically, and this can lead to interference between the detection of 
different odours, causing imperfect trade-offs which systematically violate rational choice theory 
in certain scenarios, although the authors of these studies are keen to emphasise that all animals 
violate the same axioms in many scenarios [63,64]. 

Secondly, there is no evidence of any internal model or representation of either the 
external world or the subject here. Rather, proximal stimulation—particular chemicals—is 
directly attractive or aversive, and the total plus and minus signals on either side are simply 
totted up.  To be clear, odorants like diacetyl are not themselves food, and are attractive because 
they are typically associated with food in C. elegans’ natural distal environment; but there is no 
hint that the worms are sensitive to this distinction or represent the food itself.  While contextual 
factors like food deprivation do affect the decisions, they do so by mechanically modulating 
simple mechanisms, not via being integrated into a representation of the ongoing state of the 
organism.3  This lack of representational sophistication has further consequences.  One is a rather 
limited repertoire of behaviours in response to sensed stimuli, which amount more or less to 
going forward, slowing, reversing, turning (and some other actions like swallowing). Another is 
that while C. elegans can show forms of learning [71,72], these too seem rather limited and 
simple.  Hermit crabs integrate many different variables at once in extremely context-sensitive 

3 Potentially comparable results have been found in a more sophisticated animal than nematodes:  leeches, where 
control of a choice was found to be governed by intermediate levels of a neural hierarchy [70]. 
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ways to evaluate shell quality, incorporating memory across different modalities and dealing with 
novel shell-types thanks to the many combinations of distal features they are capable of 
representing (see Sec. 3). They seem to be weighing up an electric shock against a rather abstract 
representation incorporating many different aspects of shell quality, as part of a representation of 
the environment around them.  Bees learn about feeders, associating reward and punishment with 
seemingly arbitrary visual stimuli and external locations (see Sec. 3). C. elegans do not seem to 
display a representation of the world in their trade-off mechanisms, beyond the immediate 
balance of attractive and aversive signals. 

We cannot be certain that C. elegans is as simple as this characterisation suggests: they 
may be capable of a form of spatial associative learning [73], which Irvine suggests as a crucial 
feature of those trade-offs that can provide evidence of sentience, along similar lines to the 
suggestion here [60]. It may yet turn out that C. elegans are sentient. But the message is not 
about C. elegans per se, but about trade-offs: the marker for pain is not just any trade-off. It 
matters which mechanisms are involved.  Features like prospective weighing of risk and 
opportunity, integration of information from many different sources into an overall evaluation 
connected to a genuine representation of distal items in the world around the subject raise the 
probability that a trade-off reflects sentience; straight competition between two or more reflexes 
may lead to adaptive solutions to simple problems but need not involve any internal 
representation at all.   

 
6. Third problem: Does pain help or hinder trade-offs? 

 
Cabanac’s original rationale for studying trade-offs was an intuition about the function of 

valence as a common currency for comparing very different goods and bads. On this view, pain 
allows tissue damage of varying grades of severity to be assigned corresponding affective values, 
and pleasure allows different amounts of beneficial food to be assigned values in the same 
metric. This provides a way of balancing the costs of tissue damage against the benefits of 
nutrition, against any other goods and bads we experience: will ‘pay more’, in terms of nutrition, 
to stop more intense tissue damage, in a way thatis ultimately adaptive. A third line of criticism 
questions how far this rationale takes us. 

Brown points towards a very different intuition [74]: pain captures our attention, at least 
sometimes making careful trade-offs harder. The more intense the pain, the more difficult it is to 
even frame, let alone weigh up, different options, even including those that might lead to 
cessation of the pain.  Put simply, pain stops us from thinking straight.  

Think of stubbing your toe. On Cabanac’s view, there is an element of your pain 
experience—its unpleasantness, how bad it feels—which you can compare to other priorities in 
order to decide whether to push through the pain to run to an appointment. Is this introspectively 
plausible? Or do you need willpower to overcome the pain’s tendency to distract you from even 
considering your other goals? Or take a case where you are weighing the risks and benefits of a 
procedure to solve a medical problem. Will you be better able to make decisions if the problem 
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in your body is actively causing pain, or if you know about it solely via medical scans? Pain 
hardly seems helpful in this type of situation.  

It has been shown that pain can hijack attention and disrupt performance in tasks like 
discriminating between high and low tones and reporting whether the current letter in a stream of 
letters presented on a screen matches the letter presented two letters ago [75–77], with the threat 
of greater pain enhancing some of these effects [78]. Even emotionally valenced images can 
induce a form of attentional ‘blink’, in which visual processing is diminished to the point that 
stimuli can be missed for a few hundred milliseconds later [79], although there is some 
uncertainty about how important valence per se is to this effect, and how much it is driven by 
salient stimuli in general (including very unexpected stimuli) [80]. Furthermore, while in pain, 
we tend to overweight the importance of stopping the pain we are currently feeling, even relative 
to other (potential) future pains, becoming more risk-taking and prone to value immediate over 
longer-term rewards [81]. 

Capturing our attention, causing us to fixate on one particular aspect of our situation to 
the neglect of others, may be a general feature of conscious states, not just pain: attentional 
capture effects are central to Morales’ recent account of the intensity of experience [82]. Such 
effects are also not unique to very intense experiences like extreme pain: even ‘microvalences’, 
such as one’s slight fondness for one coffee cup over another, can guide attention [83]. And in 
general, attention typically involves benefits to some processing paired with costs elsewhere 
[84,85].   

Felt valence does not straightforwardly enhance our ability to make trade-offs.4  One 
reply is that pain may inhibit some ways of making trade-offs while still being indispensable to 
tradeoffs in general. One possibility is that we have two modes of decision-making: rational, 
deliberative decision-making, and a more ancient mode of decision-making driven directly by 
valenced experience.  This more primitive mode does not depend on thinking straight but on 
being pushed around by feelings.  For example, pain might directly cause us to stop pursuing a 
sugary reward and instead attend to the cold, and it might do this with more urgency and efficacy 
the more severe the cold becomes.  Given that deliberative reasoning and executive control is 
often thought to be quite a late evolutionary development, perhaps only valenced experience can 
enable animals like invertebrates to make such trade-offs. But a deeper response to the objection 
requires consideration of different mechanisms that might support tradeoffs. 
 

7. Possible Mechanisms Supporting Tradeoffs 
 
It is plausible that there are ways of making trade-offs besides coolly rational 

deliberation.  However, there is not a simple dichotomy between rational and affect-based 
decision-making: we can hypothesise many possible mechanisms (Table 1). At least four 
(Conscious Deliberation, Automatic Affective Competition, Attention Capture, and Affectively 

4 Brown also raises a somewhat independent objection against Cabanac’s idea that we use a valence-based ‘common 
currency’ in our decision-making at all [86]; see also [87]. 
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Learned Habits) imply sentience, but in other possible mechanisms (Unconscious Capture, 
Unconsciously Learned Habits, and Fixed Decision Rule) sentience plays no role.  
 
Table 1. Possible mechanisms for producing tradeoffs with and without sentience 
 

Mechanism Short Description Involves 
Sentience?  

Conscious 
Deliberation 

Subjects consider valenced experiences alongside other  
inputs in a fully explicit decision process.  

✓ 

Automatic Affective 
Competition 

Subjects consciously feel/imagine/remember multiple 
valenced experiences at once, with their relative strength 
in a common currency determining action. 

✓ 

Attention Capture The trade-off is achieved by pre-conscious competition for 
consciousness, resulting in only one valenced experience 
(that immediately drives action). 

✓ 

Affectively Learned 
Habits 

Subjects’ trade-off decisions are shaped over time by 
sentience-based reinforcement learning. Valenced 
experience at the time of the decision itself is not required. 

✓ 

Unconscious 
Capture 

The trade-off is achieved by unconscious 
behaviour-driving states competing with and suppressing 
one another (e.g. food deprivation suppressing sensitivity 
to aversive stimuli in C. elegans) 

𐄂 

Unconsciously 
Learned Habits 

Subjects’ trade-off decisions are shaped over time by 
reinforcement learning with an unconscious ‘reward’ 
signal. 

𐄂 

Fixed Decision Rule As in Sec. 3’s parasitoid wasp example, innately 
determined, inflexible, and unconscious processing of 
specific inputs has been shaped by evolution to produce 
behaviour that balances different fitness costs and 
benefits. 

𐄂 
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These possible mechanisms do not exhaust the option space.5 Neither are these 
mechanisms mutually exclusive: indeed, such mechanisms probably interact.  For example, 
attention is likely to affect what is encoded in memory; and rather than winner-takes-all, 
valenced experiences may partially suppress competitors, with different priorities still being 
simultaneously experienced and compared in a common currency, just one with distorted prices.   

The point is that even this short menu of possible mechanisms shows great diversity, and 
some mechanisms are far more relevant to questions of sentience than others. Motivational 
trade-offs per se are not strong evidence of sentience, but specific features of particular trade-offs 
could provide considerable confidence about sentience or its absence by helping us select among 
these explanations.   

Designing experiments that can tease apart these different mechanisms is challenging but 
not impossible.  For example, effects on attention may be testable through studying interference 
with performance in cognitively demanding tasks; and such results can be better understood 
given other experiments revealing the extent of willpower or ability to maintain focus in general 
in the subject in question.   

Different mechanisms in a single subject may show up in goods and bads being 
‘exchanged’ at different rates in different contexts. For example, if remembered pain has a 
weaker influence on attention than current pain, the bees in a study like Gibbons et al.’s [42] 
might require more sugar to compensate for heat while actually undergoing the heat than when 
deciding using memory.  Indeed, certain mechanisms may be especially beneficial in certain 
contexts: plausibly, pain leads to faster decisions than more deliberative modes of centralised 
decision-making, while still going beyond a reflex to produce a coordinated, flexible, 
whole-animal response; and habits often kick in when the situation has been experienced many 
times before.  Knowledge of the neural mechanisms can also help: for example, while C. elegans 
have individual neurons suppressing one another so that food deprivation leads to more tolerance 
of dangerous chemical gradients, there is evidence for a more elaborate kind of downregulation 
of nociception by centralised positively-valenced states in insects [48]. 

None of these suggestions should be treated as a prediction of the effects of sentience 
across all contexts. For example, humans sometimes prefer to take more pain now in order to 
avoid the dread of a smaller amount of future pain [88], so it cannot be that imagined or 
remembered pain is always less influential on decision-making than currently felt pain.  Rather, 
they are a starting point for further clarifying mechanistic details in specific contexts.  

8. Future Directions 
 
Are motivational trade-offs a useful marker of sentience? This depends on how high a bar we set 
for useful markers. Motivational trade-offs are not, at present, strong evidence in isolation. They 
can nonetheless be a valuable part of the overall picture when combined with other forms of 

5 For example, further distinctions between non-conscious mechanisms are discussed in [89], which also develops 
an elaborate version of the common currency account based around the idea that a system for autonomously making 
decisions would use self-modeling of a kind that would imply the subjective experience of pain. 
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evidence and when they have the right features. The relevance to sentience is strongest when the 
trade-off is supported by integration of valence with representations of the world, by integration 
across multiple sense modalities and/or time, by dynamic interactions with attention and 
memory, and by a distinctive kind of fast, centralised decision-making that takes over from other 
slower or less centralised decision-making mechanisms, becoming more dominant as the 
intensity of the stimulus increases. The trade-offs found so far in rats, iguanas, fishes, hermit 
crabs and bees have some but not all of the relevant features, whereas trade-offs in nematodes 
have none of them.  So in the first five examples the trade-offs provide some evidence while 
being far from conclusive. 

Taken as a whole, the motivational trade-off literature illustrates the advantages of an 
iterative strategy based on starting with plausible, loosely defined markers and learning more 
about them and their underlying mechanisms in a range of different species. This leads naturally 
to proposals about which specific kinds of trade-off are better indicators, bringing new research 
directions into view. 
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