UC Merced
Proceedings of the Annual Meeting of the Cognitive Science
Society

Title
Blocking Requires Uncertainty about Novel Cues

Permalink
https://escholarship.org/uc/item/8sx5i4x1

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 33(33)

ISSN
1069-7977

Authors
Liu, Pei-Pei
Luhmann, Christian

Publication Date
2011

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8sx5j4xr
https://escholarship.org
http://www.cdlib.org/

Blocking Requires Uncert
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Abstract

Blocking is a well-studied learning phenomenon iick
previous learning inhibits subsequent learning alnowel cues.
Existing models provide different explanations fidwcking and
predict different beliefs about novel cues earlytlie second
phase of blocking. Two experiments examined laatrmliefs
when first encountering novel cues. The resulggest that the
introduction of the novel cue in the second phésa lblocking
paradigm adds uncertainty and that learners eitertae
possibility that novel cues are preventative. Aveaio
computational account is proposed to explain pésgieliefs,
because existing models cannot fully account fesétfindings.

Keywords:
inference

learning, blocking, uncertainty, Bayesian

Blocking was first reported by Kamin (1969) andoise
of the most intensively studied phenomena in tleéd fiof
learning (Pineno & Miller, 2007). In a blocking paligm,
participants first learn that the presence of glsicue event
(cue A) is always followed by a certain outcome .(O)
Subsequently, cue A is paired with another, novehe(cue
X), and this pair is followed by the same outcon@. (
Despite the fact that cue X is always followed e t
outcome, learners do not learn to associate cueatiX the
outcome. Learning about cue X is said to be blodkethe
previous experience with cue A.

Blocking was first observed in conditioning expegints
using non-human animals, and thus theories of tiondtg
have been developed to explain
According to one of the most famous proposals (Bés&
Wagner, 1972), learning only occurs when outcomes a
unexpected. The first phase of the blocking pgrads
designed so that learners come to expect the oeteamen
they encounter cue A. In the second phase, wherAcis
paired with the novel cue X, the Rescorla-Wagnedaho
suggests that learners will expect the same outctivae
followed cue A. Given that this is exactly whalldavs the
A-X pair, there is no surprise and thus no learniakes
place. Thus, Rescorla-Wagner predicts that nothimg

learned about the relationship between cue X arel th

outcome because there is never an opportunity sndo
Attentional accounts (Mackintosh, 1975a; Kruschke
2001), on the other hand, argue that blocking ccbecause
participants learn that cue X does not predict @mnge in
the outcome (beyond cue A itself) and thus comignore
cue X.

consistent with this proposal.  They first presdnte
participants with a traditional blocking procedure.
Subsequently, another novel cue was added to tKepAkr,
which was then followed by a novel outcome. Thesults
showed that there was less learning about cue K ferehe
new, novel outcome; a finding inconsistent with &eka-
Wagner. Such results suggest that the blockingeguhare
caused learners to ignore cue X, which subsequently
prevented learners from learning about the relahign
between cue X and the novel outcome. In addition,
Mackintosh (1975b) conducted a blocking study iniclvh
rats first experienced a light repeatedly pairethwai shock.
Later, the rats received a single trial on whigftiand tone
were presented together and followed by a shockernWh
tested, the rats’ behavior indicated that they {Wyga
expected the shock to follow the tone presentedtdsif.
That is, the rats learned something about the noyelafter
receiving only a single compound A-X trial. Thisggests
that, contrary to Rescorla-Wagner, learning in aecking
paradigm proceeds normally, at least during thet fifal of
the second phase, and that at least one compaahdtry
be required before blocking occurs.

Although the blocking paradigm involves a sequeoice
trial-by-trial presentations, previous studies hdaegely
focused on learners’ expectations at the end ofetitee
blocking procedure (the Mackintosh, 1975b studwg isare
exception). Given that the prominent theories otking all

this phenomenorﬂqake predictions about the trial-by-trial dynamitsat

underlie blocking, direct measurement of these dyoa
seems to be an efficient way to distinguish betwéen
competing theories.

In the present study, we investigate blocking by
focusing on participants’ beliefs about the novek cX.
According to the Rescorla-Wagner model, participant
expectations about the outcome the first time #rsgounter
the A-X pair should be identical to their expeaast at the
end of the first phase when confronted with A alona
contrast, the attentional accounts predict thattiggants
must gradually learn to ignore the novel cue X. §hine
first time participants observe the A-X pair, their
expectations about the outcome should be lessidian
'their expectations about cue A alone.

Experiment 1A: TheFirst Phase2 Trial

Kruschke and Blair (2000) reported evidenceM ethod
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Eightundergraduate students at Stony Brook Unive
participated for partial course credit angre instructed t
learn about how several medicationsreveclated to allergi
reactions. To do so, participantere provided with a set
hypothetical medical records, each of which inctl
information about what medicatiotine patient had take
and whether the patient developed alfergic reactio.
Figure lillustrates an example of a trial in Experiment .
The various medications were eachpresented bya
different color. The allergic reaction waspresented by a
vertical thermometer-like bdahat was eithegreen and only
partially filled (to represento allergic reactior, or red and
more than half-filled (to represenéllergic reactio).
Although the presence of allergic reactionwas always
represented as a hdiled meter, participants were n
explicitly told whether there could be differentgiees o
allergic reactions. This was done sota allow participant
to assume additivity Beckers, De Houwer, Pineno,

Miller, 2005).
' '

Figure 1. A example of a trial usedHixperiment 1

The trial sequence included twiifferenttypes of trials
(see Table 1). Medication A wadways followed by an
allergic reaction and medication Z walsvaysfollowed by
the absence of aallergic reaction. Each type of trial w
repeated 8 times (randomly orderedPn each trial, th
medication was presented on the upper half of chees for
2000 ms. The effect was then presentadhe bottom hal
of the screen for 1000 ms.

Table 1. Design of Experiment 1A and

Phase 1 Phase2 Test
A->?
Exp 1A A+/Z- AXS?
A->?

A+/Z-
Exp 1B X>?
A+/Z- AX+/CD+/EF-/YZ- AX>?

At the end of the sequencearficipants were¢presented
with a newpatient that had either taken medicatA or the
pair of medications, A and X. Reipants were asked
judge how likely this new patient was to developadlargic
reaction on a scale from 1 (definitely will ndevelop an
allergic reaction) to 8 (definitely will develop aalergic
reaction).

Each participant completetivo sequences, each of
which wasidentical except for the colors of the medicati
used. After one sequence participants were askgadpe
medication A and after the other they were asked tgé
the pair of medication A and .XThe order of the two
sequencesvas counterbalanced across participaBefore
starting, participants completed a brief sequenée4
practice trials to familiarize themith the task
Results

Participants’ judgments were converted from theioall
scale into probabilities ranginfjom 0 to 1, whereO
represented the patiemtefinitely not having an allergic
reaction and 1 representitige patient definitely having ¢
allergic reaction. The judged probabili (shown in Figure
2) for the patient takingnedicatiois A and X (M = .67, SD
= .21) was significantly lowethan that forthe patient
taking only medication A (M =92, SL = .18,1(7) = 2.94,p
< .05). In addition, judgment®r medication A {(7) =
6.78,p < .001) and judgmenfsr medication > (t(7) = 2.31,
p = .054) were greater than chance.

1.0 - ® @Exp 1A
I OExp 1B

0.9 A
0.8 ~
0.7 A

0.6 - ]

Probability Judgemnt

0.5 - P

0.4 -

A X

Cue
Figure 2. Results from Experiment 1A and 1B. E
bars represent standard error. Filled circlescagi the
behaviorpredicted by our Bayesian account (see
for details).

AX

Discussion

The results fronExperiment 1A suggest that participa
did not fully expect theallergic reactionto follow
medications A andX even though theyhad a strong
expectation that the effeetould follow medication A by
itself. In fact, participantsjudgmens about the AX pair
were surprisinglyclose to chance. Tt lack of certainty is
inconsistent with the predictionsf the Recorla-Wagner
model, which suggests thkgarners’expectations about the
outcomewhen confronted with medications A and X sha
be identical to their expectations when confronteith
medication A alone.Our resultssuggest that participants
did not consider cue X to beedundant (as predicted
Rescorla-Wager). Insteadhe addition of a novel ctL
appears to have addedcertainty to the outcon
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In contrast, our participants’ behavior is quitensigtent
with the predictions of the attentional accountsg.(e
Kruschke, Mackintosh). Because nothing is knownuab
the novel medication X, the attentional accounssiae that
attention directed to this cue can only hurt theuaacy of
learners’ predictions. This decrement in accutaey leads
learners to ignore the novel cue on subsequengépi@Eions
so that their expectations are eventually basedostim
entirely on beliefs about medication A.

Experiment 1B: The Second Phase 2 Trial

Skeptics might argue that participants’ uncertaiity
Experiment 1A was due to task demands.
participants first encounter medication X at thensaime
that they are asked to make the probability judgsjehey
may have over-emphasized the lack of informationuab
medication X. For example, participants might hdek
self-conscious expressing absolute certainty inftoe of
overtly novel information.

In Experiment 1B, participants again observed pggie
taking medication A and developing allergic reausio
Unlike Experiment 1A, however, participants in Expeent
1B then observed a single patient taking both naidins A
and X and developing an allergic reaction. Theppse of
including this last patient taking both A and X was
essentially give participants direct feedback abatniat
outcome would follow medications A and X as welltas
justify high degrees of confidence in AX probalilit
judgments.  In addition, this variation will allows to
investigate whether one observation of AX is enofigh
learners to fully expect the outcome.

In addition, Experiment 1B asked participants tokena
probability judgments for a patient taking medioatiX
alone. This allowed us to test an additional préalh of the
attentional account. Specifically, these modets !l as
Rescorla-Wagner) assume that learners believe romes
to have a strength of zero (no influence). By #iigi

control for the base rate of the presence of thergt
reaction (at 50%). Without the negative controls,
participants might believe that the allergic reattiwould
follow any medication. Each type of trial was only
presented once in Phase 2. 3) Following the twas@4i-
only sequences, participants were asked to judgeerei
medication A or medication X. At the end of the &h&
sequence, participants were asked to judge the p&iK of
medications.
Results

Participants’ judgments were again converted into
probabilities as in Experiment 1A. Participantsaiag

Becaugeldged the probability of an allergic reaction ® Ibwer for

patients taking medications A and X (shown in Feg) (M
= .85, SD = .22) than for those patients taking icsttbn A
alone (M = .95, SD = .1@(20) = 2.41p = .03). The judged
probability of an allergic reaction was also lowar
patients taking medication X alone (M = .58, S[?%).than
for patients taking medication A along20) = 8.12,p <
.001) and for patients taking medications A and(®Q) =
3.92,p < .001). Judgments for medication A and for the A-
X pair were significantly greater than changs € .001),
whereas judgments for medication X were Q) = 1.81,
p =.09).
Discussion

The results in Experiment 1B demonstrated
participants did not expect the effect to follove th-X pair
of medications as much as they expected the dffdollow
medication A alone even after observing the effect
following A-X. This finding is, again, inconsistemvith
Rescorla-Wagner’s explanation of blocking, whiclygests
that the effect should be fully expected at theitr@gg of
Phase 2. This also suggests that task demandmbkely
to explain the results of Experiment 1A. Thesegjudnts
are consistent with the attentional accounts becahse
certainty about the allergic reaction following rieadion A
was decreased by the novel medication X.

that

probability judgments of medication X alone, we can However, participants’ judgments about medication X

investigate whether the uncertainty seen in ExpeminiA
is due to the novel cue having no influence.
M ethod

alone suggest that when encountering a novel
participants expected the allergic reaction at exiprately
chance levels. This finding is inconsistent witteational

cue,

Twenty-one undergraduate students at Stony BrooRccounts which assume that novel cues have araliniti

University participated for partial course credithe same
stimuli and procedure from Experiment 1A were uséthe
design was identical to Experiment 1A except foe th
following changes. First, six different types ofats were
used (see Table 1). Second, there were 3 sequehtrésds
(run separately in counter-balanced order): twesistimg of
Phase 1 only (as in Experiment 1A), and the thaduiding
an additional 4 trials from Phase 2 of a traditidmacking
design (see Table 1). In addition to one trialvdrich AX
was followed by the outcome, another pair of methos
(C and D) was followed by the allergic reaction asndhe
control condition traditionally employed in a bldacg
design (C and D were never presented alone). There
also two pairs of medications (E and F, Y and Zatieg
controls) followed by the absence of the allergaation to

strength of zero. Cues with strengths of zero peced
outcomes 0% of the time whereas participants ergettte
novel cue to produce the effect 58% of the timeusTtwe
are left with results that are decidedly inconsistaith
Rescorla-Wagner and not entirely consistent witle th
attentional account. Here we put forth our owngasgion

in an attempt to reconcile these findings and make
additional, novel predictions.

A Bayesian Approach to Blocking
Our proposal relies on two important principlestst we
assume that beliefs about influence are represeated
probability distributions, not point estimates. atlis, each
potential strength value has some probability ahdpehe
true value. This stands in sharp contrast to pradant
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psychological models (e.g., Rescorla-Wagner, Krigsch

etc.). Second, following recent empirical work lwiboth

In Experiment 1B, learners observed a single pateke
medications A and X and develop an allergic reactio

human (Beckers et al., 2005) and non-human animaldpon observing this patient, learners are assumegbdate
(Beckers, Miller, De Houwer, & Urushihara, 2006)e w their beliefs by employing Bayes rule (e.g§(qx|D) =

assume causal additivity. That is, learners expesdt two
generative cues will jointly produce an effect tlagreater

P(qx) - P(D]qx)). When making this update, however, we
assume that learners believe that the allergicticeathat

than that produced by either alone. Although in ourhas followed the pair of medications, A and X nigpbssible
experiment there were only two levels for the dffec if each medication is exerting a generative infeee(if they

(reaction/no reacction), the allergic reaction esgntation
clearly implies a continuous outcome dimension iregl
for additivity.

We assume that cues can be fully described by their
influence,q (e.g., causal power, Cheng, 1997) which can
range from 1.0 (strongly generative) to -1.0 (sgign
preventative) with values of 0.0 indicating no uhce. In
addition, we assume that the only influence oraffexgic
reaction is exerted by the medications taken byphtent.

For simplicity, we only model the second phasehef t
blocking paradigm here. Thus, we assume that ragdits
that were reliably paired with the allergic reantduring the
first phase (e.g., medication A) have maximal gaties

influence (i.e.P(E|A) = q4 = 1.0). In contrast, we assume

that learners are completely uncertain about tfieence of
the novel medication introduced in the second phase
Specifically, we represent uncertainty using theegie
priors described by Lu, et al. (2008):

P(qy) « Be~*1-9x) 4 (1 — @)e~*ax (1)

To exhibit a preference for sparseness (i.e.,dhases are
unlikely to have weak influences), we set4. In addition,
we assume that learners expect causes to be gligiatie
likely to exert generative influences than prevewta
influences (thush is set to 0.65).

When asked to predict the probability of allerggaction
in a patient taking the known medication A and tiowel
medication X, we assume that cues combine thdinénte
in the manner of a noisy-OR gate (Glymour, 199B)us, if
medication X is generative (that isgi§>0),

P(E|A,X) = qa+ qx — 4a4x (2)
If medication X is preventative (that is,g<0),
P(E|A,X) = qa(1 + qx) 3)

Because the strength of medication X is uncertai@,
assume that participants’ probability judgmentdectfthe
following quantity:

P(EIA,X) = [1, P(Elqa a)P(ax)day  (4)

The result of this computation is shown in FigureNbte
that the critical finding of Experiment 1A is mired in the
behavior of the model. The model suggests thap#ieof
medications, A and X, is not guaranteed to prodane
allergic reaction even though medication A aloneTsis is
because the uncertainty concerning the influence
medication X leaves open the possibility that matitn X
could prevent an allergic reaction that medicatfoalone
would otherwise produce. This possibility meanat tthe
probability of the allergic reaction in the presenof
medications A and X should necessarily be lowen ihahe
presence of medication A alone.

did, a stronger reaction would be expected, Beckéral.,
2005). That is, the allergic reaction observedthese
patients was produced by one of the two medicatibos
not both (rather than Equation 2):

P(EIA,X) = qu(1 —qx) + qx(1 —q4) (5)

Once this update is made, however, participants’
probability judgments are assumed to again be made
according to Equation 2-4. Figure 2 shows the kitaed
results of Experiment 1B. Note that the modetjots less
than certain probability judgments even after otisgrthe
pair of medications, A and B, followed by an alierg
reaction. Nonetheless, the judged probability éases in
light of this additional data.

This model can be contrasted with previous modéls o
blocking. For example, associative models assuinag¢ t
novel cues have no influence (i.g=0). This is clearly
inconsistent with Experiment 1B. When making prédits
in the presence of a strong, generative cue (A)andvel
cue (X), Rescorla-Wagner assumes that strengthg(swgm
1+0). Thus, learners’ predictions should reflebsaute
certainty in the presence of the effect. The d&den
problem with this is the false precision embodiedthe
strength estimates attributed to novel cues. Bjoesng
these novel cues with a strength of zero, it i®meivable
that these cues could be preventative. Under ocoumnt,
learners are not nearly this confident in theiopheliefs.

The critical innovation of our model is leaving opthe
possibility that novel cues could be preventativedeed, if
the novel cue introduced in the second phase was
guaranteed to be generative, the model's predEtioould
be nearly indistinguishable from those of Rescuviagner.
Thus, the model predictions illustrated in Figurerely
strongly on learners’ prior beliefs about what sodf
influences are permissible. Experiment 2 is desigto
provide a strong test of this prediction.

Experiment 2: TheInfluence of Prior Beliefs

In Experiment 1, learners were not certain thatatlergic
reaction would follow the A-X medication pair, désp
strong expectations that the allergic reaction wdollow
medication A on its own (Experiment 1A), and evdiera

gpbserving a patient taking medications A and X and

developing a reaction (Experiment 1B). Accordingotar
model, this is because people believe that X mtheeibe
generative or preventative. For example, medicatiomay
terminate the presence of symptoms (a preventative
influence), but may also produce side effects (aegmive
influence). According to our proposal, however,
minimizing the possibility of preventative influemshould

1700



reduce the uncertainty observed in Experiment 1.t&sb
this prediction, Experiment 2 manipulated the piailiy of
preventative influence by using different sets timali.
The Prevention-Possible condition used the
medication stimuli used in Experiment
medications can either prevent or cause allergictiens
(e.g., as a side effect). The Prevention-Unlikatydition
instead used food stimuli because food may causegial
reactions but it is much less likely that food gamrevent
allergic reactions.

M ethod

Forty-two undergraduate students at Stony Brook

University participated for partial course creditdawere
randomly assigned to one of the two conditions\(@m&on-
Possible/Prevention-Unlikely), with 22 of them imet
Prevention-Possible condition. The stimuli in the
Prevention-Possible condition were identical to &ipent

1. In the Prevention-Unlikely condition, the medioas
were replaced with pictures of food (e.g., mushrsoeggs,
bread, cheese, and peanuts). The procedure arghdesie
identical to Experiment 1A.

Results

believed that the novel cue could potentially exart
preventative influence. When this possibility was
eliminated, learners’ uncertainty was also reduc@&dis is

samalso evidence that learners do not treat the nowel X as
1 becauseredundant, but instead attempt to infer the rolewd X as

best they can.

1

0.9

0.5

Prevention-Possible

Prevention-Unlikely

Figure 3. Results from Experiment 2. Error bagzresent

Participants’ judgments were again scaled to rangstandard error. Filled circles indicate the bebapredicted

between 0 and 1, and these judgments are showiguimeF
3. We conducted a 2 (condition:
Possible/Prevention-Unlikely) by 2 (judgment: cubclies

Prevention-

by our Bayesian account. The Prevention-Possible
condition was simulated as described in the texthe
Prevention-Unlikely condition was simulated by nfgitig

A and X) ANOVA with repeated measures on the latterEq. 4 such tha = .9.

factor. This analysis yielded significant maineets of
judgment F(1, 40) = 9.82p <.01) and of conditionR(1,
40) = 245.87p <.001). The interaction between condition
and judgment was also significai({, 38) = 4.54p <.05).
Participants in the Prevention-Possible conditimaiged the
effect to be less likely to follow cue A and X than
participants in the Prevention-Unlikely conditiot{20) =
2.97,p < .01). In contrast, the two groups did not difbe
their judgments of cue A alongZ0) = .98,p = .34). In the
Prevention-Possible condition, the judged probgbdf the
effect following the A-X pair was lower than theopability
for cue A alonet(21) = 2.99,p < .01). There was no such
difference in the Prevention-Unlikely condition(19) =
1.28,p = .22).
Discussion

Experiment 2 showed that the possibility of a nowe¢
being preventative influenced participants’ proligbi
judgments. When novel cues could have a prevestati
effect, pairing a known, generative cue (cue Ahwétnovel
cue (cue X) made it less probable that the outcoumeld
follow the pair of cues. Consistent with Experiménthis is
because participants allow for the possibility thhe
outcome would be prevented by the novel cue. Hewev

General Discussion

Participants’ beliefs about novel cues in a tradil
blocking paradigm were evaluated in two experimenits
Experiment 1, participants were asked to judge hkely
the outcome was to follow a novel cue (i.e., cuep&ired
with a known, generative cue (i.e., cue A). Pgtots
judged the outcome to be less likely to follow the
combination of cues than to follow the known getieea
cue by itself. The results suggest that the nowed
introduced uncertainty to participants’ expectagiowhich
is inconsistent with the predictions of the Reswdiagner
model but consistent with attentional accountseaifriing.
However, participants’ evaluations of the novel diself
were inconsistent with the attentional accounts. e W
proposed a new, Bayesian account of blocking. dodel
is able to account for the results in Experimentrid
suggests that participants’ prior beliefs about ehcsues,
particularly whether or not they may exert a preatve
influence, play a critical role in blocking. Thmediction
was tested and confirmed in Experiment 2. We fotlvad
participants in the Prevention-Possible conditiotiged the
pair of cues, A and X, to be less likely to prodube

when it was unlikely that novel cues could exert apgutcome than cue A alone, suggesting that the nowelX

preventative influence, learners believed that AR¥ pair
had to produce the same outcome because thereotfasgn
to counteract the influence of cue A.

In line with our model, the results in Experiment 2
suggest that part of the reason that participaeti® winsure
whether the effect would follow the A-X pair wasthhey

added uncertainty to the situation. On the othandh
participants in the Prevention-Unlikely conditiardged the
pair of cue A and cue X to be just as likely toduroe the
outcome as cue A alone, suggesting that cue X dtichdd
significant uncertainty.

1701



Our results suggest that novel cues introduce taiogy. Journal of Experimental Psychology: Learning, Memory,
Existing models assume that learners believe, gitat and Cognition, 31, 238-249.
confidence, that novel cues have no influence &t alBeckers, T., Miller, R. R., De Houwer, J., & Urushia, K.

ignoring potential uncertainty. Our model, on tbéner (2006). Reasoning rats: Forward blocking in Pawdavi
hand, assumes that people’s beliefs about noved eve animal conditioning is sensitive to constraintscafisal
highly uncertain and can be represented as a bilitha inference.Journal of Experimental Psychology: General,

distribution over possible strength values. Such 135, 92-102.
consideration of uncertainty is crucial in explami Cheng, P. W. (1997). From covariation to causatidn:

participants’ judgments in the current studies adrav causal power theoryPsychological Review, 104, 367-
blocking is acquired. Moreover, uncertainty mayphto 405.
understand learning in general, not only blocking. De Houwer, J., & Beckers, T. (2003). Secondary task

Several researchers (e.g., De Houwer & Beckers3;200 difficulty modulates forward blocking in human
Lovibond, 2003) have argued that blocking may imgol contingency learning. The Quarterly Journal of

controlled, inferential processes in addition tangler, Experimental Psychology, 56, 345-357.
associative processes. According to this accdeatners Glymour, C. (1998). Learning Causes: Psychological
assume additivity: that if two cues each produceedain Explanations of Causal ExplanationMinds and

outcome, the pair of cues should produce a stronger Machines, 8, 39-60.
outcome than either does individually. Based ois th Kamin, L. J. (1969). Predictability, surprise, atien and
assumption, learners in a blocking procedure céer ithat conditioning. In B. A. Campbell & R. M. Church (Ejls

cue X has no influence on the outcome becausedlid | the Punishment and aversive behavior (pp. 279-296). New
outcome would have been greater than what cue dupexl York: Appleton-Century-Crofts.

by itself. Beckers, et al. (2005) investigated thiee  Kruschke, J. K. (2001). Toward a unified model tiéation
additivity was critical to blocking by providingdeners with in associative learning.Journal of Mathematical

pretraining which demonstrated the additivity eitheld or Psychology, 45, 812-863.

not before having participants complete a blockingKruschke, J. K., & Blair, N. J. (2000). Blocking dan

procedure. When additivity was violated, particitgan  backward blocking involve learned inattention.
showed weaker blocking than when additivity held, Psychonomic Bulletin and Review, 7, 636-645.

arguably because the former could not reason ugieg Kruschke, J. K., Kappenman, E. S., & Hetrick, W. P.

inferential procedure outlined above. (2005). Eye gaze and individual differences coasist
The model proposed here reflects the additivity with learned attention in associate blocking and

assumption (Eg. 5) and can thus account for sustltee highlighting. Journal of Experimental Psychology:

Critically, the current model can do so without ifing two Learning, Memory, and Cognition, 31, 830-845.

separate process (one associative and one infdjenBy  Lovibond, P. F. (2003). Causal beliefs and condéib

assuming additivity, the current model graduallgries that responses: Retrospective revaluation induced by

the novel cue, X, neither prevents nor producestiieome. experience and by instructiodournal of Experimental

If the additivity assumption did not hold, learnewuld only Psychology: Learning, Memory, and Cognition, 29, 97-

rule out preventative influences; they would bet lef 106.

uncertain as to whether the novel cue had strongeak (or  Lu, H., Yuille, A., Lilleholm, M., Cheng, P. W., Hypak,

no) influence, resulting in far less blocking. K. J. (2008). Bayesian generic priors for causafriag.
Although our model is able to account for many prio Psychological Review, 115(4), 955-984

findings, there is data regarding other aspectteafning  Mackintosh, N. J. (1975a). A theory of attentiorarMtions

that the model cannot explain. For example, oudeho in the associability of stimuli with reinforcement.

cannot immediately account for Kruschke and Blair's Psychological Review, 82, 276—298.

(2000) finding that subsequent learning aboutackdd cue  Mackintosh, N. J. (1975b). Blocking of conditioned

is inhibited. Also, Kruschke, Kappenman, and Hbdtri suppression:; Role of the first compound trildurnal of

(2005) utilized eye-tracking to demonstrate thatip@ants Experimental Psychology: Animal Behavior Processes, 1,

learned to literally ignore the blocked cue. So, faur 335-345.

model does not predict anything about the acqaisitf  Pineno, O., & Miller, R. R. (2007). Comparing asative,
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