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Abstract

Questions regarding the nature of non-human cagndontinue to be of great interest within
cognitive science and biology. However, progresshiaracterising the relative contribution
of “simple” associative and more “complex” reas@imechanisms has been painfully slow
— something that the tendency for researchers fifferent intellectual traditions to work
separately has only exacerbated. This paper nevera evidence that rats respond
differently to the non-presentation of an eventttigey do if the physical location of that
event is covered. One class of explanation fos#mesitivity to different types of event
absence is that rats' representations go beyondrimediate sensory experience and that
covering creates uncertainty regarding the statas @vent (thus impacting on the
underlying causal model of the relationship betweents). A second class of explanation,
which includes associative mechanisms, assumesatsatepresent only their direct sensory
experience and that particular features of the iwoggrocedures provide incidental cues that
elicit the observed behaviours. We outline a $ebasensus predictions from these two
classes of explanation focusing on the potentiglartance of uncertainty about the
presentation of an outcome. The example of cogelie food-magazine during the
extinction of appetitive conditioning is used agst-case for the derivation of diagnostic

tests that are not biased by preconceived assunspdioout the nature of animal cognition.

Keywords: Causal model, renewal, secondary retefoent, ambiguity
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“And no man, when he hath lighted a lamp, coveretlith a vessel, or putteth it under a
bed: But he putteth it on a stand.” Luke, Ch. 8,6/

Putting lamps under bushels

While a lamp under a bushel casts just as littfetlas an unlit lamp, the status of the
unlit lamp is clear, while that of the covered lammpncertain — it may be lit or unlit.
Although probably not the typical message takemftbis parable, it exemplifies the fact
that, considered rationally, there is a clear ddifee between the absence of an event, and the
absence of information about that event. One gbtile present article is to examine recent
research on the capacities of rats to reason dliddeén objects as a test case for examining
distinctions between higher-level cognitive proessand basic associative mechanisms. But
before turning our attention to these empiricalagwns we will comment, relatively briefly,
on the sometimes rancorous debate concerning thenooalities and differences between
human and non-human animal cognition.

Comparisons between human and non-human animaiticoghave attracted great
interest in cognitive science and biology in thetgiecades. Perhaps the dominant tradition
has been to assume that non-human animals arergentvsystems in which to study simple
processes (e.g. of learning and memory), and timelerlying biological substrates,
untrammelled by the more complex reasoning andbated processes possessed by
humans. This view has been challenged by recet¢ee which suggests that animals
might, in addition to simple associative procesaés) have far richer ways of representing
the causal texture of their environment (e.g., ®lall, Sawa, Leising, & Waldmann, 2006;
Fast & Blaisdell, 2011; Leising, Wong, WaldmannB&isdell, 2008; Murphy, Mondragon,

& Murphy, 2008; Waldmann, Schmid, Wong, & Blaisd@012). However, the potentially
far-reaching implications of these studies depemthe idea that behaviours consistent with

complex cognitive mechanisms are indeed the re$slich complex mechanisms, and
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Uncertainty & associations in rats - 4

cannot be explained as emergent properties of siongle (in particular associative)
mechanisms (Burgess, Dwyer, & Honey, 2012; Dwyt(r$s, & Honey, 2009; Kutlu &
Schmajuk, 2012). A fundamental shortcoming of thabate is that it is not entirely clear
how higher-level cognitive processes can theorgtiead empirically be distinguished from
basic associative mechanisms. We present herne anoposal for making this distinction.
In the literature, different proposals have beatussed on how to distinguish higher-
level cognition from associative processes. Taditional view, inspired by behaviourism,
was that cognitive but not associative theoriesysate information processing mechanisms
operating on mental representations of the wofldis distinction is no longer pertinent
because many modern associative theories assutrenth@als possess mental
representations, and characterise learning a®thwation of associative links between these
representations. A prime example of this is tleaithat classical conditioning reflects the
formation of an excitatory association between @emfpresentations of a conditioned
stimulus (CS) and an unconditioned stimulus (U8h-dea included in essentially all
accounts of associative learning regardless of thBerences concerning the details of the
learning algorithm involved (e.g., Esber & Haselgrp2011; Harris, 2006; Le Pelley, 2004;
Mackintosh, 1975; Pearce, 2002; Pearce & Hall, 18&3corla & Wagner, 1972; Wagner,
1981). While contemporary associative theory doelside (and require) mental
representations, it should be recognised that thesaformationally “thin” representations,
held to consist essentially as copies or tracespécts of the sensory and motivational
stimulation produced by experience of the stimlsyes, 2012). In particular, associative
theories do not allow that either their represemtator the links between them have semantic
content — that is their truth value cannot be agsksIn this sense “thick” representations are
effectively propositional (i.e. they can be expegsas a statement with a truth value — e.g.

“The light is on” — which is either true or falssnd also allows the possibility “I don’t
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Uncertainty & associations in rats - 5

know”). In contrast, as a copy or trace of thevation produced by the stimulus, thin
representations accord to nothing more than thefseides/elements that are activated by
experience with the stimulus (or activated throagkociative links). Therefore, it makes no
sense to ask whether the activation is “correti§ merely a matter of whether activation
exists and to what degree. Although the fact tbatemporary associative theory admits
mental representations at all removes one clasdiiale between associative processes and
complex cognition, the commitment to thin mentaresentations has one critical
consequence: It requires associative theory tbatdg with the sample of events
experienced by an organism and the activationefépresentations that occur as a result of

this experience.

Levels of Representation

Our main focus in this article is on causal repnéstgons. Predicting and explaining
events on the basis of observations and intervesii®arguably one of the most important
cognitive competencies that allow organisms to attafhe world. There are a vast number
of competing theories specifying the cognitive netbhms underlying this competency. As
a first approximation, we would like to propose tditferent classes of theories that can be
distinguished on the basis of the postulated regmtesions of the world. Of course, within
each class there are numerous competing varidtianfave been the focus of extensive
research.

Level 1: Sample-based theories:

The basic assumption underlying this class of tlkeeas that causal representations
use representations of temporally ordered obsegvedts (cues, outcomes) and that the goal
of learning is to capture the statistical relatibesween these events. Thus, the key

assumption for our purposes is that Level 1 accassume that organisms do not (or
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cannot) look beyond the observed sample of everite. sample of learning events is what
organisms know about the particular aspect of thedithey observe.

One of the key topics within this class of theoiget investigate which statistical
rules organisms actually use to represent the ebderovariations. A large number of such
rules have been proposed both within cognitivertleede.g., Hattori & Oaksford, 2007;
Perales & Shanks, 2007) and within associativertegege.g., Dickinson, 2001; Le Pelley,
Oakeshott, Wills, & McLaren, 2005; Shanks & Diclkang 1987). One thing all these
otherwise competing theories have in common isttieat compute some index of
covariation from the learning sample, which encéaiss the effective strength of the causal
relation. Indeed, the fact that some associativecgnitive models make identical
predictions under some circumstance — see for ebearalationship between the output of the
Rescorla-Wagner model and delta-P metric discusge&thanks (1995) — implies that these
models often capture the same functional relatipsshetween experienced events
perspective (for a more detailed analysis of theglitations of examining learning at a
functional level see De Houwer, Barnes-Holmes, &40 2013; De Houwer et al., this
volume). In the present context, it is most imanttthat such theories do not include a role
for any awareness about the fallibility of expedes of the world (e.g., absence of evidence)
or of the representations themselves (e.g., dreflaatisicinations vs. experiences of real
events). The fact that many associative modelbased around error-correction
mechanisms does mean that they calculate a pr@dietror between the associative
activation of representational nodes and the aotingroduced by experience of events.
However, this is an algorithmic comparison and dugisequire the organism to have a
meta-representational appreciation of the curmgetmal associative model, the current

external input, and the relationship between thémshort, sample-based theories do not
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assume a meta-representational understanding lmygheism of the distinction between its
representation of the world and the world that posd that representation.

Various research paradigms view human and non-harganisms as focusing on
samples, unable to go beyond the information givarcausal research, associative theories
are a prime example of this class of theories.edal the fact that associative theories are
characterised by a reliance on thin mental reptasens of stimuli and the links between
them requires that they must focus on an organisarisple of experience. Thin
representations do not allow an assessment ofvaltie, so there is no way in which the
mental representation activated by a stimulustgéoagtivation through memory or associative
means) can be evaluated as accurately correspotudihg outside world or nbt Moreover,
thin representations ascribe no content to an &gscclink other than as a means for
specifying the degree to which activity of one ex@ntation will influence the degree of
activation in a representation to which it is asstdeely linked. As such associative accounts
do not explicitly distinguish between causal and-sausal relationships between events.

According to this sample-based class of theoriggmmsms encode the presence and
absence of temporally ordered events and leanstitat covariations between these events.

The strength of these covarations determines inée®or behaviour. Rule-based theories of

! It is instructive to note here Holland’s (1990)rwshowing that stimulus representations
activated associatively (“images” in his termingtpgan elicit some of the same processing
that occurs when the stimulus itself is presenfBae same body of work also established
that the processing of retrieved images is nottixdte same as that for experienced events
— so there is clearly some distinction betweenewdd and directly activated stimulus
representations. However, when only thin repregemts are assumed then this distinction in
what is activated by experience (the world) andulgh association (the image) is literally
just that, a difference in what is activated — dintyn the outside can the different sets of
activated elements be related to which set acdortiee real world. As we will see later,
recent model-based accounts are very differenésnraing that there is some ability to
distinguish the model from the experience.
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161 causal reasoning are another example (for a redesy, Waldmann & Hagmayer, 2013).

162  These theories debate which exact covariationarganisms employ. But as in the

163  associative framework, statistical covariationstzsed on what is observed in a sample. In
164  social psychology, there is also a variant of tragle view (see, Fiedler, 2012; Fiedler &
165 Juslin, 2006). Here the claim is that judgmentasés are often caused by distortions in the
166  observed or retrieved sample of experiences. &i€d012) argues that humans are largely
167 unable to understand and correct statistical distts in the sample. He has labelled this
168  deficit “metacognitive myopia.”

169 Level 2: Causal Models:

170 This class of theories assumes that organisms ymbdehe information given when
171 learning about causal relations to make infereabesit an underlying unobservable causal
172 model (see Waldmann, Hagmayer, & Blaisdell, 2008).course, going beyond the sample
173 is not an all-or-none feature. There are diffedagrees of inferences transcending the

174  sample, and different organisms may differ in thieet to which they are capable of going
175  beyond the information given (for an example witbausal model theory, see Waldmann,
176  Cheng, Hagmayer, & Blaisdell, 2008).

177 A key difference between causal and associativerighe concerns the links between
178  causes and effects. Causal links, often depicedraws, are directed from cause to effect.
179  In associative theories, temporal order determivigsther an association is excitatory or
180 inhibitory, but this alone does not result in txlecit representation that the first event

181 caused the second. Indeed, causal and tempogral@ad be dissociated (e.g., Waldmann,
182  2000; Waldmann & Holyoak, 1992). For example, jptigss often observe the symptoms
183  (i.e., effects) prior to diagnosing the cause. &kact meaning of the causal arrows differs
184  across theories, but the general assumption ishesal processes are unobservable and need

185 to be inferred based on observations and prior keaye. For example, Cheng’s (1997)



186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

Uncertainty & associations in rats - 9

power PC theory assumes that people are capabiéeaing the power of a cause based on
covariation and background assumptions. Powep@rd estimate of the unobservable
probability of the cause generating or preventispecific effect in the hypothetical absence
of background factors.

A less abstract account assumes hidden forcesaarsdlomechanisms that transfer
some kind of conserved quantity (such as linear emdom or electric charge to take
examples from physics) between causes and effemtsWaldmann & Hagmayer, 2013, for a
review). Although causal mechanisms can sometlmesdaborated as chains of observable
variables, the variables within the chain are cotewvia arrows that code some kind of
hidden flow of a conserved quantity (Dowe, 2008)echanism theories do not necessarily
assume elaborate knowledge, as it is well knowhhthenan laypeople often have no or only
very sketchy knowledge of the exact relationshigsvieen events (Rozenblit & Keil, 2002).
The assumption rather is that people understaethian between two events as causal if
they assume that there is some kind of mechaniattittks the events, even if the details of
this mechanism are largely unknown.

A more recent development in causal model theogsgme step further in separating
observed samples from underlying unobservable géngrmodels. Inspired by Bayesian
statistical inference, it is assumed that a ratiaparoach to causal inference would require
taking into account the fact that samples are nafigctions of the hidden generating causal
models. Thus, depending on statistically rele¥aciors, such as sample size, samples carry
more or lessincertaintyabout the structure and the parameters of the kcaskel.

According to this view, organisms are mainly ingteel in a faithful representation of the
characteristics of the causal model, and therafeesl to take into account uncertainty when

making inferences. A number of studies have detnatesl that human subjects are indeed
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sensitive to statistical uncertainty (Griffiths &ienbaum, 2009; Lu, Yuille, Liljeholm,

Cheng, & Holyoak, 2008; Meder, Mayrhofer, & Waldmag0145.

Testing the Level of Representation

Level 1 associative and Level 2 causal model tlesare often pursued in separation.
A typical research strategy of those interestegitimer class of account is to design studies
that test between competing theories within thieiss— while questions of between-class
comparisons tend to be considered most seriougyyabter publication when conclusions are
challenged externally. For example, it is not unowon for alternative associative Level 1
“killjoy” (Shettleworth, 2010) accounts to be dewpéd in a post-hoc fashion after novel
patterns of behaviour had been discovered basedeaiictions of Level 2 theories. In this
light it is rather unsurprising that progress irs threa often appears meagre: if for nothing
else than publication lag “conversations” in therkture are incredibly slow. In addition
there is often a strong bias for Level 2 theotistmterpret data that is consistent with
predictions of their complex accounts as evideocéheir theory without considering the
possibility that level 1 accounts of the same daight be available (this is especially
prevalent when human subjects are involved). \Wdtemnative Level 1 accounts are
considered, this consideration is often constralmed lack of familiarity with contemporary
associative theory. On the other hand, the ememgeperties of Level 1 theories are not

always apparent without considering the exact empetal situation and by themselves

> The nomenclature we have adopted (Level 1 vs L2V entirely abstract and we admit
that this may appear uninformative, but the cheres quite deliberate. While we focus here
on the nature of the representations assumed lat@aa and the differences in terms of the
explicit role of causal relationships, the distiontbetween these two classes of model goes
beyond causality (as our subsequent discussidmeofy of mind illustrates). Thus the
abstract nomenclature avoids overly-restrictiverabi@risations of the model classes we are
discussing.



230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

Uncertainty & associations in rats - 11

Level 1 theories commonly provide little guide e tinvestigation of the sort of phenomena
predicted by Level 2 theories. For example, it waly after Couchman, Coutinho, Beran,
and Smith (2010) published their analysis of dafafgedback as supporting a (Level 2)
metacognition account of primate behaviour in &rthsination task that Le Pelley (2012)
was able to simulate their experimental procedwigsa (Level 1) reinforcement learning
account. Similarly, the demonstration that rath&viour can diverge as a function of
whether a cue appears as a result of their aationet followed from the prediction from a
(Level 2) causal model account suggesting a criticerence between seeing and doing
(Blaisdell et al., 2006). Only following the putdition of the experimental methods used to
produce this demonstration could Kutlu and Schm&l@k 2) examine the possibility that
their associative model might be able to simulagedbserved behavicurThus, Level 1
theorists often need to await progress within Leviieories before they can address the
guestion of whether the discovered phenomena gelyuiequire complex representations or
can also be explained by a Level 1 account. Ossible response to these systemic
problems is the direct collaboration between redeas from different theoretical
perspectives.

Of course, developing an alternative Level 1 actéama phenomenon generated by
Level 2 research is only the first step. Althowgimsiderations of simplicity enshrined in
Morgan’s Canon (Morgan, 1894) have often led redeas, at least from the associative
camp, to favour Level 1 over Level 2 theorieshivsld be remembered that the Canon is (at
best) a guide to interpretation and does not haydagically probative status (for a more

detailed discussion of this point, see Heyes, 201f&#Jeed, any heuristic arguments that

% This far from a one-way relationship as demonsttdtly the example of Bayesian reasoning
accounts (e.g., Gopnik et al., 2004; Griffiths &®&abaum, 2009) developed to explain cue-
competition effects such as backward blocking Wexte first reported in the associative

literature.
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might be applied — from considerations of parsimngppeals to predictive or explanatory
scope — cannot on their own conclusively decidevben Level 1 and Level 2 accounts. As
ever in science, empirical data are paramountlansithe most productive research strategy
is to develop competing Level 1 and Level 2 acceowhia phenomenon and then deploy
experimental paradigms that allow differentiati@ivieeen them.

But before moving to consider a test case forgetad empirical comparison of
Level 1 and Level 2 theories, we should emphasiaethey are not necessarily mutually
exclusive. In cognitive psychology, two-processaities (see, Evans, 2012) have become
increasingly popular. One example, related totarget phenomenon, is the two-process
model of theory of mind inferences by Apperly andtBrfill (2009). A typical task in this
domain is the Sally scenario in which the protagb8ally hides an object, which in her
absence is transferred to a different locatione Réwy finding is that children younger than 4
seem unable to understand that Sally will lookatplace she has hidden the object
regardless of the current location. When askedevhlee will go, young children tend to
point to the actual location of the object. Fullyderstanding this situation requires the
competency to have meta-representations that depagdity from (possibly erroneous)
mental representations. Many researchers argaegahng children as well as animals lack
such meta-representational capacities. In thedkstde, however, researchers using more
implicit habituation paradigms have demonstratedestevel of understanding of this task
even in infants (Onishi & Baillargeon, 2005). Aplyeand Butterfill therefore postulate two
separate processes that may underlie the respongesdifferent tasks. Whereas infants
may only understand that agents look for somethingre they have seen it last, older
children may reason with more complex meta-repttesens, which in the beginning stages
of reasoning leads to the observed errors. Acngrtli the two-process view, some species

may only be capable of reasoning with the simptec@ss, whereas others may have both
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types of processes at their disposal. Criticatiwéver, even for these sort of two-process
accounts, the question remains as to whether eylartbehaviour is (or can be) supported
by the simpler process or only the more complex dd@ the importance of determining the
representational level at which an organism istionig remains germane even from the

perspective of dual-process accounts.

Hidden Events: A Simple Test Case for Sensitiwityrtcertainty

The present article will discuss a fairly simpldgydial indicator of uncertainty,
uncertainty about the status of events. Leveludabmodel accounts would differentiate
between two possible causes for the failure to eepee an expected event: Either the event
is really absent in the world, or the event is prédut access to it is being prevented in some
fashion. Waldmann et al. (2012) examined a tes¢-éar this possibility in the extinction of
Pavlovian appetitive conditioning. In their expeents, rats were presented with three
learning and test phases. In Phase 1, an assockstween a cue (CS), a light, and sucrose
(US) was established through a Pavlovian condiigmirocedure (a 10s light was presented
and the offset of the light followed by 10s acdesa sucrose-filled dippé€t) In Phase 2, the
extinction phase, the cue was paired with the eepee of absence of sucrose (the light was
presented in advance of the empty dipper — i.edifhyger arm was raised for 10s, but the
trough did not contain sucrose, so no primary rewaas presented). Then in Phase 3, the
degree of extinction was tested by presentingitfd tue without sucrose (again, the empty

dipper continued to be presented). The crucialipudation involved Phase 2. In one

* The food magazine was positioned above a trougtaiong sucrose solution. A
mechanical dipper arm, with a small cup on the arad immersed in this solution. Sucrose
access was provided by raising the arm so thatuperotruded through a hole in the base of
the food magazine for 10s before being loweredrag@he rats could not access either the
dipper arm or the sucrose except when it was raised
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condition, the No-Cover condition, rats could dihgobserve that sucrose was actually
absent from the food magazine, whereas in thenaltiwe Cover condition a metallic plate
was placed over the magazine preventing rats frmoassing it. The test phase showed that
rats differentiated between these conditions witater test phase responding to the CS in
the Cover than the No-Cover condition. Moreoviewas not merely the presence of the
metallic plate that controlled responding, becausentrol condition where the plate was
included without preventing access to the food megadid not prevent extinction.

As noted above, the causal model account wouldgreethis finding as evidence
that rats are capable of differentiating betweem possible causes of the absence of sucrose
in the extinction phase: Either the sucrose ilyr@®sent, or it is present but access is
blocked. This inference requires an understandingcertainty of the status of events. In
other words, initial training experience shouldatesalight causes sucrosaodel. The
transition from the rewarded training phase tortbe-rewarded extinction phase could
potentially create an ambiguity in a causal undeding of the situation — has the causal
relationship changed, and the light no longer cagserose to appear, or is the relationship
still is intact but the sucrose has for some othason not been observed? This ambiguity
would be emphasised when access to the usual sofusocerose delivery was prevented
during extinction — although the light is still eeqeenced without sucrose, both possible
causal structures are still consistent with theeelepce because there is no direct
disconfirmation of the expected sucrose deliverlius a causal model analysis would
suggest that covering the sucrose magazine shtieltbiate the effects of extinction and help
preserve théght causes sucros@odel. In turn, preserving a causal relation§igpveen the
light and sucrose should result in higher respapdirthe test phase - which is exactly what
happened (Waldmann et al., 2012). Clearly, actalisal understanding of this situation

requires some kind of understanding of the diffeesbetween the representations of the
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world and the actual world. Even in humans, unpessple have philosophical training, this
differentiation is unlikely to be explicitly avaliée. It suffices that in specific cases absence
is distinguished from lack of evidence.

Functionally the separation between experiencenaortti has a number of potential
advantages for organisms. If experience and thdweere collapsed, every instance of
disappearance due to another object blocking sightd lead to a fading of the
representation of the object although it is stidgent behind the occluder. Since such
experiences are common, the physical representatithe world arising from such
inferences would be very different from ours. Workobject permanence with animals
seems to indicate that many animals may not tthakabjects behind an occluder actually
disappear from the world (Gomez, 2004, 2005). iryi in Waldmann et al.’s (2012) study
organisms that only represent present and absentsand do not differentiate between
absence in the world and lack of evidence wouldasgnt events in Phase 2 (extinction) as a
gradual change of contingency. Although this igaiely a possibility, as the No-Cover
condition demonstrates, it is not necessarily adapo always make this inference. One key
feature of causal relations is that they tend tethble and do not suddenly change (Pearl,
2000). Thus, the capacity to distinguish betwaéerént causes of experienced absence is
potentially adaptive for an organism that has thal gf forming veridical representations of
the causal texture of the world and if these vedtiepresentations improve the organism’s

success in interacting with the world.

Associative Accounts of Hidden Events: RenewalSmubndary Reinforcers

As described above, a causal model account basadagrtainty can explain why
covering the food magazine during extinction migdsult in higher levels of responding

during test. However, the details of the experitag@erformed also admit alternative
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explanations of the same results based entireBssaciative Level 1 mechanisms: We will
consider one based on response prevehtinsecond based on renewal theory, and another
on a consideration of conditioned reinforcement.

Rescorla (2001) notes that there is typically adirelationship between the amount
of non-reinforced responding in extinction and diegree to which such non-reinforcement
impacts on future behaviour. For example, follayviane-food pairings, presentation of the
tone alone will typically result in some degregegponding to the food magazine during an
extinction phase, while devaluation of the food aedvor satiating the animals reduces the
level of extinction phase magazine responding. nEeugh the number of unrewarded tone
alone presentations is unaffected by devaluatisabtation, these treatments which reduce
extinction phase magazine responding also redwceftactiveness of extinction (Holland &
Rescorla, 1975). On the basis of such results;dRkes(2001; see also Colwill, 1991)
suggested that learning not to make a particulyaiese may make a critical contribution to
the decrement in responding typically observedkimetion. One direct corollary of this
idea is that the effects of non-reward in extinctall be reduced if the original response is
not produced. In the present circumstances, coge¢hie magazine clearly prevents the target
response of magazine entry, and thus preventitm®fesponse should protect it from
extinction. Not only does this provide a simpl@laxation of why test phase responding was
be higher after the magazine was covered in thaatdn phase, it also explains why
introducing a similar metallic cover that did noépent access to the magazine had little
effect.

A second associative account of the effects ofriagazine cover comes from

renewal theory. This approach suggests that giddmshould be specific to the context in

®> We would thank one of the reviewers of an eaxl@sion of this paper for their suggestion
of this possibility.
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which it occurs, and that extinguished responsesldireappear when testing occurs in a
situation more akin to the original training corttéhan to the context of extinction (e.qg.,
Bouton, 2004; Delamater, 2004). In the currentadion, the cover provided during
extinction could act as a context change, so it®k&l would comprise a return to the
original training context, thus supporting the reeggence of responding. Thus, according to
this view rats would gradually start to represemage 2 as a situation in which the light is
paired with the absence of sucrose, but expressitmns new association would be restricted
to the context in which extinction took place. Jpossibility was acknowledged in the
original report of these experiments, and in Expent 3 of that paper an additional control
group was used in which the metal “cover” was itexeimto the apparatus during the
extinction phase, but did not actually prevent asde the food magazine. This control, in
which the presence or absence of a cover could &icteel as a cue separating the extinction
and text contexts, resulted in performance thatneedifferent to that in the No-Cover
condition. However, it may be argued that a cqrerenting access to a source of food is
more salient than a cover placed elsewhere, inlwtase a magazine cover would be a more
effective contextual cue than one that does nog¢icthe magazine.

It should be noted that in all the Cover condititims sucrose dipper continued to be
raised and lowered, but that there was “no notieeabrations for the human ear” (p. 983,
Waldmann et al., 2012), that could be discernedienthe experimental chamber. That is,
covering was assumed to have prevented all acoasttmation about the operation of the

dipper during extinctich Thus in the covering situation, the training &st contexts were

® It should be noted that this assumption was mett tested, and given that rat and human
sensory abilities are somewhat different then d@eigainly plausible that the rats in
Waldmann et al.’s (2012) experiments were ableetss some aspect(s) of the dipper’s
operation behind the cover. Although this possibilas no direct impact on the ideas
discussed here, it does raise the issue of whdigbiens the different accounts of the
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similar in the operation of the dipper but diverdeamn the extinction context in both respects
— while in the No-Cover, and the plate without aawvg conditions, the extinction and test
contexts both included the operation of an empppeli. In short, covering the magazine in
the extinction phase of the experiments producedrakpotential cues that could have
differentiated the extinction and test contextéisIcould support the recovery of
extinguished responding in the covered conditiotheuit reference to any Level 2
mechanisms.

The final alternative account of the covering dag&awill consider here relies on
secondary reinforcement. Remembering that theitrgiphase of these experiments was
based on pairing the light with a sucrose filleppar, the training phase should establish
light-sucrose, light-dipper, and dipper-sucroseaisgions. It is well known that animals
will respond both to cues paired with primary remters - i.e. the sucrose in these studies -
and also secondary reinforcers - i.e. any stimtilasis associated with a primary reinforcer
(for reviews see, Mackintosh, 1974; Mackintosh,3)98n these studies the dipper would
have accrued secondary reinforcing properties imgheaired with sucrose during the
training phase. Following this, all groups receiVight-alone presentations in the extinction
phase - presumably extinguishing light-sucrose@asons to a similar extent between
groups. In the No-Cover condition the empty dippeuld also be experienced — resulting in
the extinction of the dipper-sucrose associatiand,thus the removal of secondary
reinforcing properties of the dipper. Howeverthe Cover condition, the dipper would not
be experienced at all during the extinction phadech would protect the dipper-sucrose
associations and preserve the conditioned reinfoeoe properties of the dipper. In turn, this

would allow the dipper to support responding tolthlet when the light was again paired

covering effect might make regarding “partial” cové€e.g. explicitly preventing vision but
not audition).
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with the dipper in the test phase. In short, thening phase paired the light cue with both a
primary (sucrose) and a secondary (the sucroseepdipper) reinforcer. Covering the
magazine in the extinction phase of the experimenidd preserve the secondary reward
properties of the dipper compared to the uncoveoaditions. The secondary reinforcing
properties of the dipper could support additioeat{phase responding in the covered

condition without reference to any Level 2 mechiansis

Divergent predictions from Level 1 and Level 2 agde of hidden events

One important feature of the causal uncertaintyrandwal/secondary reinforcement
accounts of the effects of covering the magazirtieasthe differences between them relate
directly to the nature of the division between LUevand Level 2 theories outlined
previously. The causal model account suggestatidrtainty produced by the cover would
preserve the strength ofight causes sucrosmodel in the face of experiencing the light
without sucrose. This goes beyond the direct sammfpéxperience because the fact that
sucrose did not follow the light is discounted ¢li@ distinction between absence of sucrose
(the No-Cover case) and absence of evidence (ther@ase). That is, the effects seen in the
test phase are a product of covering producingrtenogy over whether the sucrose did or
did not occur, and thus reducing the effective llef@xtinction. In contrast, the three
associative accounts considered here all relatddeot effects of the cover in extinction or
its removal at test. The response-prevention adcsuggests that covering reduces the
effects of extinction because the target respoosklmever be produced when the magazine
was covered. Both the renewal and secondary regrioent accounts assume that extinction
does occur due to experience of the light withowtsse, but that responding returns in the
test phase due to events that happen during ttatFer renewal theory, the critical event in

the Cover condition is that the context of testifeerent from that of extinction (it allows
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access to the magazine and includes an operappgrd as in training but not extinction);
For secondary reinforcement, the critical evenihad the rats experience the light paired with
the dipper, and in the Cover condition the dipp#éirbe a secondary reinforcer (but not in the
No-Cover condition, because then the previous éspee of the empty dipper has removed
the secondary reinforcing properties of the dippet)ese test phase light-dipper pairings
support the re-acquisition of responding to thhtligThat is, the associative accounts are
sample-based as they refer only to events thad@ually experienced (or not experienced, in
the case of prevented responses). Therefore, iealdgsts of the divergence between these
accounts speak not only to the particular detdilsagh of them, but also to the more general
division between Level 1 and Level 2 processehéncbntext of this behavioural procedure

Effects of manipulating dipper presentation:

Given that the status of the dipper in the extorctnd test phases is critical to two of
the Level 1 sample-based accounts, while unceytaoicerning the presence of reward is
central to the Level 2 causal model account, ongirgeal test would be to manipulate the
presence of the dipper during these phases. $hat compare the pattern of responses
between groups that receive either: (A) trainind gsting as in the original paper with the
empty dipper presented during the extinction astighases; or (B) with no presentation of
the empty dipper during either the extinction @t {ghases (i.e. the dipper would remain
lowered — but not be explicitly removed from thewtber). Table 1 outlines the proposed
experiment and summarises the key predictionsaf ehthe accounts for responding to the
light at the beginning of the test phase of theeeixpent. The original experiments included

control conditions which received extinction withdie magazine cover. Such controls are

" Of course, it is also possible to assess how tausdels might account for the direct
effects of test phase events, but this would ndtess$ our current concern with whether rats
are able to go beyond the sample of their expegi@mterms of the explicit role for

uncertainty.
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462 needed to establish a baseline for levels of redipgrafter effective experimental extinction,
463  and we would propose including such uncovered otswwhich would receive extinction and
464  test with or without dipper presentation in thereat experiment. Although it is likely that
465 the operation vs. non-operation of the dipper wondldience the rate of experimental

466  extinction, we will not considered these contrah@itions in any detail because (as in the
467  original experiments) the extinction phase woulctbetinued until responding to the light
468 has stopped, and so all theoretical accounts wangldict negligible test phase responding.
469  The derivation of the predictions for the criticahgazine cover conditions is fleshed out in
470 turn for the causal model, response preventiorewah and secondary reinforcement

471  accounts.

472 In both the Dipper Cover and No-Dipper Cover candg the training phase would
473  produce dight causes sucrosmodel. In the extinction phase, the light ocalone, but

474  because access to the magazine is blocketitecauses sucrosmodel will be protected
475  because the covering means that the status otitnese is uncertain and thus the evidence
476  for sucrose not appearing is partially or totaliscdunted in terms of relevance to the light-
477  sucrose relationship. Covering might also protleetlight-sucrose causal relationship

478  because it leads to the formation of a more compéersal model whereby the light causes
479  sucrose but the action of an external event stupseing expressed (e.g. the cover stops
480 access to the delivered sucrose). In the teseplias cover is removed — so behaviour will
481 be determined by tHeght causes sucros@odel (i.e. moderate to high responding is

482  predicted). Critically, the extinction phasestioe Dipper Cover and No-Dipper Cover

483  conditions are the same. In both conditions, tp@eli and sucrose are covered during

484  extinction so the causal model at the start ofghetild be the same. In turn, this same causal
485  model predicts that the response to the lightasthrt of test would be the same in these two

486  conditions. Of course, as the test phase continlies the Dipper Cover and No-Dipper
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Cover conditions will have different experienc@hus their causal models, and levels of
responding, may be expected to diverge acrossitestir example, the non-operation of the
dipper might support the formation of a more commausal model whereby the light causes
sucrose only through the action of the dipper, WHiar some reason did not operate (e.g. the
dipper was stuck). However, the dipper is operatetie end of the light during training, so
at the time of responding is assessed (duringrieseptation of the light) there is no direct
evidence to indicate whether or not the dipper opierate on that trial. So even if
responding is dependent on the expectation of dipperation, this expectation should only
decline gradually as the light is encountered withiibe dipper following immediately
afterwards. Irrespective of these issues, respgretarly in the test phase should remain
diagnostic of the strength of the light-sucrosesehuelationship at the end of the extinction
phase to the extent that causal representatiorstabyie (Pearl, 2000).

The predictions of the response-prevention accarmsimple — in both the No-
Dipper Cover and Dipper Cover conditions the cavdlrprevent the production of magazine
entry responses. To the extent that extinctionireq the production of the relevant
response, then such response prevention will atertbe effects of extinction, and levels of
magazine responding to the light would be preditbeloe high at the start of the test phase.

As outlined above, the renewal account suggestshbdraining phase should
establish an excitatory light-sucrose associatidmle presenting the light without the reward
in extinction will create an inhibitory light-“nausrose” association. Responding at test will
be determined by the degree to which these twacagsms are expressed — something that
is controlled by the similarity of the extinctionctest phase contexts. For the Dipper Cover
condition, the test phase and the extinction pdéger in two critical respects, access to the
magazine and the operation of the dipper: bothto€lwvare absent in the extinction phase

and present at test. Thus, the extinction andcctegexts are quite different which will
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attenuate the expression of the inhibitory light-$ucrose” association formed in extinction
and result in responding to the light on the basibie originally-formed excitatory light-
sucrose association — a classic renewal effectomtrast, for the No-Dipper Cover

condition, the test phase and the extinction pdéger with respect to access to the
magazine, but are the same with respect to theoperation of the dipper. Thus, while there
will be some difference between the extinction tesd contexts in the No-Dipper Cover
condition, and thus some degree of renewal wouleipected, this should not be as great as
in the Dipper Cover condition. As the non-openatid the dipper can only be observed after
the first trial, this difference between the Dipped No-Dipper conditions should emerge
across the extinction phase.

Finally, the conditioned reinforcement accountasdd on the potential contribution
of the dipper as a secondary reinforcer due tpdatsng with sucrose in the training phase of
the study. In the Dipper Cover condition, the tighpresented in the absence of either the
primary or secondary reinforcer during the extioctphase — so by the end of extinction
there will be no effective source of primary or@edary reinforcement. However, the
secondary reinforcing properties of the dipper dlpreserved through the extinction phase
because the dipper is never experienced withowbseac In the test phase, the light will
again be presented in conjunction with the dipped thus the secondary reinforcing
properties of the dipper will support respondingfte light (at least for as long as the dipper
remains an effective secondary reinforcer). Obsiyithis secondary reinforcing effect of
the dipper could only be apparent after the fiiat bf the extinction phase. The No-Dipper
Cover condition will also result in the removalasfy effective source of primary or
secondary reinforcement by the end of the extingblease, but in this case dipper operation
is not reintroduced at the test phase. So tesepresponding to the light will be low in this

condition.
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In summary, all accounts predict that, if the dippentinues to be presented, then
covering the magazine in extinction will resulthigher levels of test phase responding than
if the magazine is uncovered in extinction. Twdhe associative accounts — renewal and
secondary reinforcement — predict that this cogefiect will be reduced or removed if the
dipper is not presented after the training phdsecontrast, uncertainty within a causal model
account and the response prevention account bethgpthat the effects of covering the
magazine will be preserved, at least in the inttials of the test phase in which the absence
of the dipper is not yet apparent.

Importantly, these predictions emphasise the tess@ as a whole. However it has
already been noted that the presence or absertlse dipper might produce changes in the
levels of responding across the test phase. We matvconsidered trial-by-trial effects in the
predictions we have described thus far. The ptiedis of associative theories regarding
changes during extinction depend on the assumedinggparameters. Cognitive theories
would predict that changes of expectation depengriam knowledge about causal stability
within the learning domain (e.g., physical vs. afjci Little is known about these effects.
However, the very first trial of the test phasdiféerent from all subsequent trials because
the response to the light is assessed before pipeidis presented (or not presented) and so
the Dipper versus No-Dipper manipulation canndugfice responding on the first test trial.
The impact of this fact is particularly clear imrtes of the secondary reinforcement account
as it predicts that responding should emerge aftlrafter the light is followed by the
dipper. Similarly, the renewal account predictsiseaesponding to the light on the first trial
in the Dipper Cover and No-Dipper Cover conditifipscause the removal of the cover is a
return to part of the training context), but onfieathe first trial will the Dipper vs No-
Dipper manipulation contribute to the context chabgtween extinction and test phases.

Therefore, it should be recognised that the thesaleiccounts we have presented here do
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imply that responding could vary in a systematghfan across trials, and that the different
accounts make divergent predictions about suchltyidrial effects. That said, it should also
be acknowledged that the variability in respondimg motivates the usual practice of
aggregating across multiple trials may make abltiassessment of such fine-grained
predictions difficult in practice.

Sign-tracking vs. Goal-tracking:

Thus far, we have discussed responding to the, liglhdwing light-sucrose pairings,
entirely in terms of a single measure — magazitg/etdowever, Pavlovian conditioning can
establish a range of possible responses when stiomglus is paired with reward (Boakes,
1977). In particular, a distinction is made betwsggn-tracking, i.e., responding directed
towards the conditioned stimulus, and goal-trackirgg, responding towards the
unconditioned stimulus (for recent examples of th&inction in the context of cues
predicting food reward, see Flagel, Watson, Rabing Akil, 2007; Meyer et al., 2012). In
the present context, the original light to sucrmaging should establish both a sign-tracking
response (e.g. orientation to the light) and a-¢f@&king response (e.g. entry to the sucrose
magazine). Clearly, covering the sucrose magaaie&tinction will prevent animals from
producing the same goal-tracking responses thejupem in the training phase, but would
have no impact on the production of sign-trackiegponses to the light. Therefore, an
examination of sign-tracking and goal-tracking msges would shed some light on the
mechanisms underpinning the effects of coveringdbd magazine during extinction. On a
practical note, sign-tracking to a light can besased by videoing the animals and measuring
the number of times the orient to the light. Hoewnany studies of sign- vs goal-tracking
have used a retractable lever as the CS (Flagél, &007; Meyer et al., 2012). Here, a lever
is inserted and removed from the box just as d hghy be turned on and off. Critically, the

lever is entirely a signal; there is no need fer thits to press it in order for the reward to be
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delivered. Despite this, rats will still approaaid press the lever, and thus sign-tracking can
be measured by the number of lever presses, whdktgacking can continue to be assessed
through magazine entry. Table 2 outlines a propes@eriment using these techniques and
summarises the key predictions of each of the adsan terms of sign and goal tracking
responses. This experiment would use a levereasué in place of the light used in previous
experiments to facilitate recording of sign-tracknesponses, but all other aspects of the
experiment would remain the same. That is, thecaticondition involves covering the food
magazine in the extinction phase. We will focus analysis on this condition although a
control group receiving extinction without the maige would still be needed to establish the
effects of experimental extinction for comparisamgoses. As before, the derivation of
these predictions is fleshed out in turn for thesad model, response prevention, renewal,
and secondary reinforcement accounts.

The predictions of the causal model approach asedon the uncertainty
surrounding the appropriate causal structure. HWeweognitive theories have not as yet
addressed how exactly expectations translate iffereht types of behaviour. Because the
relationship between model-based expectation ahdvieural measures have not been the
subject of detailed consideration we have assuraseglthat, for all responses, a simple
monotonic function relates the degree of expeatatfareward to the level of respofise
Critically rats that are sign-tracking respond toagato a cue to the extent that it reliably
predicts reward, and rats that are goal-trackisgaed to the site of reward delivery during
the presentation of the cue, again, to the exkatthe cue reliably predicts rewards. Thus
both sign- and goal-tracking behaviours are deteedhby the cue to reward relationship. In

terms of the causal model account described hexedthects the strength of thight causes

8 This represents a minimal assumption which alldvescausal model approach to reflect the
fact that both goal- and sign-tracking behaviowsuo. It also focuses our analysis only on
the effects of uncertainty regarding sucrose pitasien in the extinction phase.
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sucrosemodel. As described above, this model might ln¢goted from the effects of
extinction through the creation of uncertainty abthe status of the reward by covering of
the magazine. Under these preliminary assumpttbes;onsideration of uncertainty within
the causal model account predicts that both sigd-gamal-tracking responses will be affected
by covering the sucrose magazine during the extingthase.

As noted above, covering the magazine will pregeat tracking (i.e. magazine
entry) responses, but would not prevent sign-tngirfi.e. lever press) responses. To the
extent that extinction requires the productionh#f televant response, then covering the
magazine will attenuate the effects of extinctiongoal-tracking responses but will not
influence the extinction of sign-tracking responsékerefore, the action of response
prevention alone predict that levels of magazispoading to the light would be high at the
start of the test phase, while levels of lever presponding would be low.

With respect to the renewal account, the localedrfor the goal-tracking response is
the magazine. Covering the magazine is a diséindtsalient change to this local context and
so the covering manipulation will mean that magazesponses at test will occur in a
different context to that experienced during extort. As described above, this difference in
context between extinction and test phases shooltlpe renewal and thus levels of
magazine responding (i.e. the goal tracking responwsuld be expected to be high at test. In
contrast, the local context for the sign-trackiagponse is the lever, which is not directly
affected by the covering manipulation. Thus, altffothe global context will differ between
extinction and test due to the presence/absentte ahagazine cover, the local context for
sign-tracking responding will be the same for estiom and test. This similarity in the local
context for extinction and test should act to supgeneralisation of learning in extinction to

the test phase. Thus, while some renewal is eggédot sign-tracking responses, this will
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less than that seen for goal-tracking, and so rahtheory predicts that levels of lever-press
responding at test would be moderate.

The predictions of the secondary reinforcement actare somewhat less
categorical. Both sign- and goal-tracking aftevering should relate to the same CS-US
relationship — where the effective US here is theditioned reinforcement provided by the
dipper. So if covering preserved the conditior&dforcing properties of the dipper then
both sign- and goal-tracking responses shouldmettier the dipper is paired with the light
during test. However, there are large individutéiedences between animals in the levels of
sign- and goal-tracking responses they producegéFkt al., 2007; Meyer et al., 2012), and
animals that display a preponderance of sign-trackesponses may have a reduced
opportunity to interact with the conditioned reirder during the test phase. If so, then the
conditioned reinforcement account also predicteeatgr effect of the covering manipulation
on goal-tracking than sign-tracking responses.

In summary, how uncertainty is translated into seymd goal-tracking behaviours has
not been specified yet within the class of theowbgh includes causal model approaches.
Under the preliminary assumption that all respoms#isct the strength of the underlying
light causes sucrosmodel, the causal model account predicts that sigd goal-tracking
responses will both be affected by the magazinemoy manipulation because uncertainty
about the status of the sucrose reward will pratestcausal model. The three Level 1
associative accounts all relate to direct effe€th® covering manipulation through either
preventing only one of the target responses imetitin, having different effects on the local
context for lever press and magazine entry resgousdy influencing the interaction with
the secondary reward. Thus the response cometitid renewal accounts (and to a less
certain extent the secondary reinforcement accpprelict that goal-tracking responses

should be more sensitive to magazine covering imeton than sign-tracking responses.
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Summary and comparisons to previous approaches

In the initial parts of this paper we outlinedistithction between two general classes
of theoretical accounts: Level 1 — which referat¢oounts that focus on the representations
of events as experienced by the organism, ands§acaative versions of such account at
least) involve only thin, non-semantic represeantaiof events and the links between them;
and Level 2 — which refers to accounts that araged on the idea that sensory experience is
the basis for forming models of the events in tloeldvand the nature of the relationships
between them (with a particular focus on causaltieiships), and thus involve explicitly
semantic representations of events. We then ceregicbne test case involving extinction of
a classically conditioned CS-US relationship, whereering the food magazine during the
extinction phase attenuated the effects of thahetkdn in a subsequent test. While both
Level 1 and Level 2 accounts of the observed belaare available, these accounts make
divergent predictions about the effects of manifigdpthe details of how the reward was
delivered and the nature of the response asse&xzédtally, these divergent predictions
speak directly to the level at which the theorétazaounts were based: The Level 1
accounts are based only on sensitivity to manipuiatinfluencing the precise events
experienced by the animals in the test phase; wigld_evel 2 account we have considered is
focused on how covering the magazine creates werregarding the presence or absence
of the reward, which in turn will impact on how exg@ncing the absence of sucrose modifies
the causal model of the situation that was estaddigluring initial training. This influence of
uncertainty on théght causes sucrosmodel is explicitly a level 2 account as it clgagbes
beyond the direct effects of the sample of evexperenced.

It should, of course, be noted that while the jmtémhs of the four accounts

(uncertainty in causal models, response preventesrewal, and secondary reinforcement)
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are clear, it would be entirely possible to makstgwc revisions or additions to them. For
example, a renewal theorist may suggest that thédeture of the context was not the dipper
but some other aspect of the magazine. Moreovehpuld be emphasised that we have
focused the causal model account entirely on tfeetsfthat covering might have by inducing
animals to go beyond the direct effects of expesethrough creating uncertainty. But all
causal theories, regardless of their sensitivityrtoertainty, also assume Level 1 contingency
learning competencies. For example, on a causalat one could assume that the dipper is
part of the causal model learned in the acquispioase (light-dipper-sucrose) so that its
absence in the test phase would lead to changegettation. These changes would be
solely due to Level 1 causal contingency learnimicty should be unaffected by the cover
manipulation in the extinction phase. That sdid,current experiments do make a direct
comparison between an explanation in terms of taicey alone (i.e. an example of a Level
2 “beyond the sample” account) and explanatiorterims of particular local features of the
manipulations (i.e. examples of Level 1 “sampledodsccounts). Thus, while the two
experimental manipulations described here do naipeise a definitive and general test of
causal model theory and its associative alternativetheir own, they do provide a specific
test of whether uncertainty over the presence semte of reward considered alone is able to
explain the behaviour of animals in the currentretion situation.

We think it is instructive to compare our curreppeoach — based on directly
examining one key (Level 2) aspect of a causal inactunt — with previous approaches.
In addition to the extinction experiments considénere, there are several other
demonstrations that preventing rats having aceeswetsource of significant stimulus events
results in behaviour that is materially differemthe simple non-presentation of those events
(Blaisdell, Leising, Stahlman, & Waldmann, 2009s& Blaisdell, 2011). These other

covering experiments were discussed by Dwyer anddas (2011), but only to present
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Level 1 associative accounts of the observed bebeviand to dismiss the originally-
proposed Level 2 accounts entirely on the basaaippeal to Morgan’s Canon. That is,
there was no discussion of how to make an empyitalsed comparison between the
alternative accounts let alone any report of nevel@vant empirical data. So, while the
Dwyer and Burgess analysis was of value in progdin existence-proof of an associative
account, it makes no progress towards determinimgtiver the behaviour of the rats was
under the control of Level 1 or Level 2 mechanisms.

In summary, the current paper attempts to apprdacimvestigation of the cognitive
mechanisms underpinning the behaviour of humamanehumans animals without bias
from preconceived assumptions regarding the priabgbility of one account over another.
This approach supported the derivation of diagnastipirical tests focusing on the key
feature of the current situation (i.e. the effdatiocertainty) which divided the current
theoretical accounts on the basis of the geneval & representation they instantiate. Of
course, the proof of this particular pudding ishe baking, and we are in the process of

preparing to run exactly the studies we outlinesher
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Table 1 — Dipper Manipulation

Condition Train Extinction Test Uncertainty & Response Prevention Renewal Secondary Reinforceme
Causal Model
Primary reward (sucrose)
Extinction and test phases differ removed. Secondary reward
Light _ _ _in presence of the cover and propert_ies of_dipper pres_erved 3
_ 0 nght_ alone| Light d|pper operation. This is a I_arge the dipper is not expe_rlen_ced
Dipper sucrose & dipper to Status of reward difference between extinction|  without sucrose in extinction.
Cover filled magazine empty uncertain in extinction and test phases, so expect| Secondary re\_/vard can support
dipper covered | dipper p_hase — this protects Cover prevents renewal. responding at test.
light causes sucrose magazine response
model. Expression of therefore extinction '| lL.e. Test phase responding high. l.e. Test phase responding
causal model at test effect of light alone moderate.
supportsll responding to presentation reduced Exync_tlon and test phases differ
ight. for this response with in presence of cover, but
' are the same in the non-
l.e. Test phase l.e. Test phase operation of the dipper. Thisis Primary reward (sucrose) and
Light Light alone responding moglerate to re.sr'Jonding high a smaller difference between|  secondary (dipper) removed.
No-Dipper to & dipper Light high (dependmg on ' extinction and test phaseg._than Neither primary nor second_ary
Cover sucrose magazine | alone degree of protection by in the Dipper Cover condition.| reward can support responding
filled covered uncertainty). So expect some renewal, but not test.
dipper as much as in Dipper Cover

1S

condition.

I.e. Test phase responding

l.e. Test phase responding low

moderate.

Note 1: These predictions assume the cover conhpleitecks all access to the operation of the dipp%s an operational means to ensure this assumistiaccurate, in the
both the Dipper Cover, and No-Dipper Cover condiiahe dipper would not be operated at all inetktinction phase.
Note 2: Cells have been merged to highlight wheegliptions are not affected by the key manipulation

Note 3: Additional control conditions where theiagtion phase takes place without a magazine c@vgr Dipper No-Cover and No-Dipper No-Cover) wohéneeded in
order to establish the baseline level of respondimese have not been illustrated here as all atsquedict experimental extinction and negligitdsponding at test.



Table 2 — Sign- vs Goal-tracking

Condition Train Extinction Test Uncertainty & Response Prevention Renewal Secondary Reinforceme
Causal Model
Local context for sign tracking Primary reward (sucrose)
response is lever, which is removed. Secondary reward
unchanged between extinction properties of dipper protected
. Cover does not preverjt . .
Dipper lever response and test phase. Unchanged| by covering but high levels of
Cover POnse, local context attenuates renewal orienting to lever may reduce
Status of reward therefore extinction g .
Measure S L effect based on global context experience of dipper as
. uncertain in extinction from lever alone L
sign- . . change due to extinction and| secondary reward. Secondar|
: phase — this protects| presentation expected. e | ;
tracking light CAUSES SUCTose test phases differing in presencereward can support respondin
(lever g : of the cover and dipper at test to the extent it is
model. Expression off l.e. Test phase lever . .
press) . operation. experienced.
Lever Lever causal model at test responding low.
msiuon alone & L(iz)/er supports responding. l.e. Test phase responding to thé.e. Test phase responding to t
Dipper lever moderate. lever moderate to low.
SUCTOSE | - agazine empty l.e. Test phase Local context for goal trackin
filled 9 dipper | responding moderate to . 9 -King
di covered . Cover prevents response is the magazine.
ipper high for lever and : L .
. . magazine response, Extinction and test phases Primary reward (sucrose)
Dipper magazine entry o . .
. therefore extinction | differences (magazine cover and removed. Secondary reward
Cover (depending on degree ) : ; .
. effect of lever alone dipper operation) focused on| properties of dipper protected
Measure of protection by . : S .
: presentation reduced magazine. This is a large | by covering. Secondary rewar
goal- uncertainty). . . 2 .
tracking for this response. difference between extinction| can support responding at tes
(magazine and test phases so expect
resgonse) l.e. Test phase renewal. l.e. Test phase magazine

magazine responding
high.

l.e. Test phase magazine

responding moderate.

o

responding high.

Notel: This is a within-subject experiment withrsignd goal-tracking responses measured in allasimhowever, the panels have been split to ilitstwhere different
predictions are made for different response types.
Note 2: As with the previous experiment, these jotemhs assume the cover completely blocks all s&€te the operation of the dipper. As an operatioreans to ensure
this assumption is accurate, in the Dipper Covedi®n, the dipper would not be operated at athia extinction phase.
Note 3: Again, additional control conditions whéhe extinction phase takes place without a magazimer would be needed in order to establish tiselbee level of
responding, these have not been illustrated headt ascounts predict experimental extinction ardligible sign or goal tracking responding at test.






