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1. Introduction	

How	are	 intentions	 translated	 into	 actions?	Knowledge	of	 the	 relationship	

between	 actions	 and	 the	 outcomes	 that	 they	 produce	 is	 an	 essential	 pre-

requisite	for	goal-directed	behavior.	If	I	wish	to	turn	the	light	on,	then	prior	

experience	 tells	me	 that	 this	 can	 be	 achieved	 by	 pushing	 the	 light	 switch	

(and	not	 for	 example	 a	button	on	 the	 TV	 remote	 control).	Many	different	

associative	 theories	 are	 based	upon	 the	 central	 idea	 that	 in	 the	 course	of	

exploration	and	 learning,	bidirectional	associative	 links	between	responses	

(R)	 and	 outcome	 (O)	 representations	 are	 formed.	 As	 a	 consequence,	

activation	of	 the	outcome	 representation	 (thinking	about	 the	 light	 coming	

on)	leads	to	activation	of	the	associated	motor	patterns	required	to	achieve	

it	(pushing	the	light	switch).	Evidence	for	such	OàR	associative	links	comes	

from	multiple	converging	strands	of	research	showing	that	presentation	(or	

anticipation)	 of	 outcomes	 activates	 associated	 motor	 responses	 and	 that	

preparing	motor	responses	activates	anticipation	of	outcomes.	But	how	and	

under	what	 circumstances	 do	motivational	 factors	 constrain	 such	 effects?		

In	 the	 current	manuscript	we	will	 review	O-R	 priming	 effects,	 focusing	 on	

the	integration	of	sensory	and	motivational	aspects	of	action	control.		

	

2. Theories	of	Action	Control	

Various	models	of	 human	behavior	 contain	 an	O-R	mechanism	 that	 either	

partly	or	 fully	drives	action	control.	 Investigations	 into	O-R	priming	effects	

have	 been	 conducted	 in	 the	 fields	 of	 both	 human	 psychology	 and	 animal	

learning,	 although	 these	 two	 research	 traditions	 have	 remained	 relatively	

separate	 and	maintained	 a	 separate	 emphasis	 of	 investigation.	 Ideomotor	

theorists	 (e.g.	 Hommel,	 2009;	 Hommel	 et	 al.,	 2001;	 James,	 1890;	 Lotze,	

1852)	have	 tended	 to	 focus	on	how	perceptual	and	sensory	outcomes	are	

translated	into	appropriate	motor	sequences	and	the	factors	that	affect	the	
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frequency,	 speed	 and	 efficiency	 of	 this	 process.	 By	 contrast,	 researchers	

from	 the	 field	 of	 animal	 associative	 learning	 have	 used	 motivationally	

relevant	outcomes	(such	as	food)	and	explored	the	conditions	under	which	

actions	are	driven	not	only	by	knowledge	of	 (perceptual)	O-R	relationships	

but	 also	 modulated	 by	 the	 current	 motivational	 significance	 of	 those	

outcomes	 (Asratyan,	 1974;	 Gormezano	 &	 Tait,	 1976;	 Pavlov,	 1927).	

Whereas	ideomotor	theorists	argue	that	O-R	priming	is	sufficiently	weighted	

by	motivational	 factors	 as	 to	be	a	 thorough	account	of	human	 intentional	

behavior	(Eder	&	Rothermund,	2013;	Hommel,	2003;	Lavender	&	Hommel,	

2007),	models	derived	 from	animal	 learning	 theory	 are	more	 circumspect.	

As	can	be	seen	 in	recent	 formulations	of	 the	Associative	Cybernetic	model	

for	example	(S.	de	Wit	&	Dickinson,	2009),	an	O-R	mechanism	is	included	as	

one	 path	 to	 action	 but	 supplemented	with	 a	 forward	 S-R-O	 pathway	 that	

may	also	be	required	 in	order	 to	 fully	capture	behavior	 that	 is	 sensitive	 to	

changes	in	incentive	value	of	outcomes.		

	

In	 the	 remainder	 of	 this	manuscript	 we	will	 review	 research	 investigating	

this	 simple	O-R	mechanism	 in	humans,	 including	 studies	 that	have	utilized	

ideomotor	 O-R	 priming	 paradigms	 and	 paradigms	 derived	 from	 research	

into	 animal	 learning.	 We	 will	 then	 assess	 the	 degree	 to	 which	 this	 O-R	

priming	 mechanism	 is	 modulated	 by	 motivational	 factors	 and	 discuss	

whether	this	can	be	a	sufficient	account	of	intentional	human	behavior.		

	

3. Evidence	for	O-R	priming	

Evidence	 that	 activation	 of	 outcome	 representations	 leads	 to	 associated	

responses	 comes	 from	 a	 variety	 of	 different	 strands	 of	 research.	 Some	

researchers	 have	 presented	 the	 outcomes	 directly	 to	 participants	 and	

examined	 the	 resulting	 effect	 on	 action	 selection	 (direct	 O-R	 priming),	
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whereas	others	have	presented	Pavlovian	 stimuli	 (S)	 previously	 associated	

with	 particular	 outcomes	 to	 examine	 how	 outcome	 expectancy	 indirectly	

primes	 association	 responses	 (S-O-R	 priming).	 These	 two	 different	

paradigms	will	be	discussed	in	more	detail	below.	

	

3.1. Direct	O-R	priming	

Using	a	two-stage	 ideomotor	paradigm	Elsner	and	Hommel	(2001)	showed	

that	presentation	of	an	outcome	activates	the	associated	motor	responses.	

Participants	 first	 learned	 the	 relationships	 between	 responses	 and	

outcomes.	 For	 example,	 a	 right	 key	 press	 was	 always	 followed	 by	 the	

presentation	 of	 a	 triangle	 and	 a	 left	 key	 press	 was	 followed	 by	 the	

presentation	of	a	square.	In	the	test	phase,	the	two	shapes	were	presented	

as	discriminative	stimuli	and	participants	were	either	instructed	to	make	the	

same	response	as	during	training	(congruent	mapping	group;	e.g.	a	triangle	

should	be	followed	by	a	right	key	press)	or	were	asked	to	make	the	opposite	

response	 to	 that	which	was	 learned	during	 training	 (incongruent	mapping	

group;	 the	 triangle	 should	 be	 followed	 by	 a	 left	 key	 press).	 Elsner	 and	

Hommel	 (2001)	 showed	 that	 participants	 in	 the	 incongruent	 group	 were	

slower	 to	 respond	 than	 those	 in	 the	 congruent	 group	 suggesting	 that	

presentation	 of	 the	 shape	 outcomes	 automatically	 elicited	 the	 associated	

behavioral	 response,	 which	 then	 interfered	 with	 selection	 of	 the	 correct	

(incongruent)	 response.	 Using	 similar	 designs,	 this	 effect	 has	 been	

replicated	hundreds	of	times	(see	for	review:	Shin	et	al.,	2010).	There	is	also	

evidence	 to	 suggest	 that	 such	 response	priming	 can	occur	 even	when	 the	

outcomes	 are	 not	 consciously	 perceived	 during	 the	 test	 phase	 (Kunde,	

2004).		
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The	majority	of	studies	using	this	type	of	paradigm	to	study	O-R	priming	in	

humans	 have	 used	 purely	 sensory	 (perceptual)	 outcomes	 such	 as	 shapes	

and	 tones	 that	 have	 very	 limited	 motivational	 significance.	 There	 are	 a	

number	 of	 animal	 and	 human	 studies	 that	 are	 the	 exception	 to	 this	

however.	 Using	 food	 (and	 drug)	 rewards	 it	 has	 been	 demonstrated	 that	

exposure	to	a	rewarding	outcome	can	trigger	 the	response	that	previously	

yielded	 that	 reward	 (review:	 H.	 de	 Wit,	 1996).	 This	 reinstatement	 of	 a	

previously	 extinguished	 action	 can	 be	 induced	 by	 the	 administration	 of	

small	amounts	of	food	or	drug	(e.g.	Ostlund	&	Balleine,	2007)	or,	in	humans,	

by	presentation	of	the	rewarding	outcome	on	a	computer	screen	(Hogarth,	

2012;	 Hogarth	 &	 Chase,	 2011).	 For	 example,	 Hogarth	 and	 Chase	 showed	

that	 presenting	 pictures	 of	 chocolate	 or	 cigarettes	 on	 screen	 selectively	

increased	responding	on	a	key	that	previously	yielded	the	depicted	reward.		

	

3.2. Pavlovian-to-instrumental	transfer	

Seeing	someone	enjoy	a	large	slice	of	chocolate	cake	can	trigger	a	trip	to	the	

bakery	 but	 in	 fact	 merely	 being	 reminded	 of	 chocolate	 cakes	 by	

environmental	cues	is	sufficient	to	lead	to	the	bakery-visiting	response.	This	

indirect	 priming	 of	 instrumental	 responses	 by	 environmental	 cues	 can	 be	

demonstrated	 using	 the	 outcome-specific	 Pavlovian-to-instrumental	

transfer	 (PIT)	 task	 which	 has	 been	 extensively	 used	 in	 animal	 research	

(Estes,	 1948;	 review:	 Holmes,	 Marchand,	 &	 Coutureau,	 2010;	 Rescorla	 &	

Solomon,	 1967).	 Researchers	 investigating	 these	 effects	 in	 humans	 have	

tended	 to	 employ	 similar	 designs	 with	 motivationally	 relevant	 outcomes	

such	as	food	rewards	(Bray	et	al.,	2008;	Eder	&	Dignath,	2015;	Prévost	et	al.,	

2012;	 Watson	 et	 al.,	 2014;	 Watson,	 Wiers,	 Hommel,	 Gerdes,	 &	 de	 Wit,	

submitted;	Watson	 et	 al.,	 2016),	 cigarette,	 alcohol	 and	monetary	 rewards	

(Allman	et	al.,	2010;	Hogarth	et	al.,	2007;	Martinovic	et	al.,	2014)	but	also	
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more	abstract	rewards	(e.g.	points:	Nadler	et	al.,	2011;	Paredes-Olay,	Abad,	

Gámez,	 &	 Rosas,	 2002).	 Participants	 in	 the	 experiment	 of	 Bray	 and	

colleagues	 (2008)	 for	 example,	 first	 underwent	 Pavlovian	 S-O	 training	 and	

learned	 the	 relationships	 between	 simple	 geometric	 shapes	 and	 drink	

outcomes	 (e.g.	 a	 square	 predicted	 delivery	 of	 chocolate	milk	 and	 a	 circle	

predicted	delivery	of	orange	 juice).	 In	a	separate	 instrumental	R-O	training	

phase	they	then	 learned	that	a	 left	key	press	yielded	chocolate	milk	and	a	

right	key	press	yielded	orange	juice.	In	the	transfer	test	phase,	participants	

were	 free	 to	 respond	 on	 either	 response	 key	 while	 occasionally	 the	

Pavlovian	cues	were	presented.	The	classic	outcome-specific	PIT	effect	was	

observed	 such	 that	 the	 square	 (previously	 associated	 with	 the	 chocolate	

milk)	caused	participants	to	respond	more	on	the	left	key.	As	the	Pavlovian	

stimuli	had	never	been	directly	paired	with	either	response	it	is	argued	that	

the	 Pavlovian	 stimuli	 elicits	 anticipation	 of	 the	 outcome,	 which	 then	

activates	 the	 associated	 motor	 response	 (indirect	 S-O-R	 priming).	 This	

mechanism	may	therefore	be	relevant	for	understanding	behaviors	directed	

towards	appetitive	outcomes	in	our	environment.		

	

A	 related	 series	 of	 studies	 have	 also	 used	 the	 PIT	 paradigm	 to	 show	 the	

motivating	 (and	 inhibitory)	effects	of	Pavlovian	cues	on	ongoing	appetitive	

(and	 avoidance)	 responses	 towards	 monetary	 and	 chocolate	 rewards	 (in	

humans;	Colagiuri	&	Lovibond,	2015;	Garbusow	et	al.,	2015;	Garofalo	&	di	

Pellegrino,	 2015;	 Guitart-Masip	 et	 al.,	 2011;	 Lovibond	 &	 Colagiuri,	 2013;	

Talmi	 et	 al.,	 2008).	 However,	 as	 these	 studies	 only	 included	 one	

instrumental	response,	it	is	unclear	whether	the	facilitatory	effect	observed	

is	a	specific	O-R	priming	effect	or	whether	the	Pavlovian	cues	 just	boosted	

the	motor	system	and	increased	overall	response	vigor	(an	effect	known	as	

general	PIT;	Chiu,	Cools,	&	Aron,	2014;	Corbit	&	Balleine,	2005;	Corbit	et	al.,	
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2007;	Holland,	2004).	Similarly,	a	number	of	 researchers	have	 investigated	

‘affective	 goal	 priming’	 and	 observed	 whether	 this	 manipulation	 (e.g.	

associating	 the	 concept	 of	 “going	 out”	with	 positive	words)	 increased	 the	

effort	 participants	 would	 make	 to	 perform	 instrumental	 actions	 to	 reach	

that	 goal	 (Custers	 &	 Aarts,	 2005,	 2007).	 However	 as	 these	 studies	 only	

examined	 one	 instrumental	 action	 (a	 mouse	 click)	 it	 is	 not	 possible	 to	

ascertain	whether	this	is	an	example	of	specific	O-R	priming	or	is	a	general	

motivational	effect.	

	

3.3. Anticipation	of	outcomes		

Further	evidence	for	the	notion	of	bidirectional	R-O	associative	links	comes	

from	 studies	 that	 have	 shown	 that	 preparation	 of	 a	 motor	 response	 (or	

even	 preparing	 not	 to	 respond)	 elicits	 anticipation	 of	 the	 associated	

outcome.	Some	have	used	neuroimaging	techniques	to	demonstrate	these	

anticipatory	 effects	 (Kühn	 &	 Brass,	 2010;	 Kühn,	 Keizer,	 Rombouts,	 &	

Hommel,	2010;	Pfister,	Melcher,	Kiesel,	Dechent,	&	Gruber,	2014;	Zwosta,	

Ruge,	&	Wolfensteller,	 2015).	 In	 the	 study	of	 Kühn	and	 colleagues	 (2010),	

for	 example,	 participants	 were	 asked	 to	 prepare	 either	 hand	 or	 facial	

actions,	 during	 which	 anticipatory	 activations	 in	 the	 relevant	 perceptual	

areas	 (extrastriate	 body	 area	 and	 fusiform	 face	 area	 respectively)	 were	

observed.		

	

Similar	 conclusions	have	been	drawn	 from	behavioral	 studies	where	 it	has	

been	 observed	 that	 responses	 followed	 by	 perceptually	 congruent	

outcomes	are	executed	faster	(Gaschler	&	Nattkemper,	2012;	Pfister	et	al.,	

2011,	 2010).	 This	 perceptual	 congruency	 effect	 was	 demonstrated	 for	

example	by	Pfister	and	colleagues	(2010)	who	showed	that	right	responses	

were	carried	out	faster	when	the	associated	outcome	was	presented	on	the	
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right	of	the	screen,	relative	to	when	the	outcome	was	presented	on	the	left	

(as	 is	 observed	 with	 stimulus-response	 spatial	 congruency	 in	 the	 classic	

Simon	effect;	Simon	&	Berbaum,	1990;	Simon	&	Rudell,	1967).	Finally,	some	

studies	 have	 demonstrated	 that	 the	 sensory	 properties	 of	 outcomes	 (for	

example	 the	expected	 spatial	 location)	has	 subtle	 yet	measureable	effects	

on	ongoing	responses	directed	towards	a	target,	by	biasing	the	trajectories	

of	 movements	 in	 the	 direction	 of	 the	 expected	 spatial	 location	 of	 the	

outcome	 (Herwig	 &	 Horstmann,	 2011;	 Knuf,	 Aschersleben,	 &	 Prinz,	 2001;	

Pfister,	 Janczyk,	Wirth,	Dignath,	&	 Kunde,	 2014).	 It	 is	 clear,	 however,	 that	

particular	 task	 setups	 can	 reduce	 the	 impact	 of	 outcome	 anticipation	 on	

ongoing	 response	 selection.	 The	 use	 of	 very	 simple,	 explicitly	 instructed,	

stimulus-response	 mappings	 seem	 to	 eradicate	 the	 facilitatory	 effects	 of	

perceptually	 congruent	 responses	 and	 outcomes	 (Herwig	 et	 al.,	 2007;	

Herwig	&	Waszak,	2009;	Pfister	et	al.,	2011,	2010;	Zwosta	et	al.,	2013).	

	

The	 perceptual	 congruency	 effect	 also	 extends	 to	 the	 affective	 domain	

(Lavender	 &	 Hommel,	 2007),	 and	 outcomes	 can	 selectively	 prime	 actions	

that	previously	 led	 to	a	different,	yet	affectively	 similar,	outcome	 (Beckers	

et	 al.,	 2002;	 Eder	 et	 al.,	 2014).	 Participants	 in	 the	 study	 of	 Beckers	 and	

colleagues	 (2002)	 first	underwent	R-O	training,	 learning	 that	one	 response	

was	followed	by	an	electric	shock	and	another	response	was	not.	In	the	test	

phase,	 participants	 saw	 words	 (either	 positive	 or	 negative)	 and	 were	

instructed	 to	make	one	 response	 for	verbs	and	 the	other	 for	nouns	 (using	

the	 same	 two	 response	 keys	 as	 during	 the	 training	 phase).	 An	 affective	

congruency	effect	was	observed	such	that	the	response	associated	with	the	

electric	shock	was	carried	out	faster	for	negatively	valenced	words	while	the	

other	 response	 (associated	 with	 the	 absence	 of	 shock)	 was	 carried	 out	

faster	for	positive	words.	Similar	results	were	found	by	Eder	and	colleagues	
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(2014)	 using	 positive	 and	 negatively	 valenced	 pictures	 during	 the	 training	

phase	 rather	 than	 electric	 shocks.	 One	 study	 in	 smokers	 examined	 the	

degree	to	which	images	of	branded	cigarette	packs	and	plain	cigarette	packs	

would	prime	a	 tobacco-seeking	 response	 (Hogarth,	Maynard,	et	al.,	2014).	

Whereas	the	branded	cigarette	packs	did	boost	responding	for	the	cigarette	

rewards,	 the	 plain	 cigarette	 packs	 did	 not.	 This	 result	 is	 surprising	 and	

seems	 at	 first	 glance	 incongruous	 with	 the	 findings	 reported	 above	 given	

the	similarity	and	overlap	of	many	of	the	perceptual	and	affective	features	

of	the	two	different	cigarette	packs.	Even	participants	who	had	smoked	ad	

libitum	from	a	plain	cigarette	pack	for	the	preceding	24	hours	and	who	were	

earning	 cigarettes	 from	 the	 plain	 pack	 during	 the	 instrumental	 training	

phase	 showed	 a	 response	 priming	 effect	 for	 the	 branded	 but	 not	 plain	

cigarette	packs	(Hogarth,	Maynard,	et	al.,	2014:	Experiment	2).	The	authors	

suggest	 that	 the	 two	cigarette	packs	compete	 for	 control	over	behavior	 in	

the	 test	 phase	 and	 that	 prior	 learning	history	 renders	 the	branded	packet	

more	salient	and	congruous	(perceptually	and	affectively)	with	the	smoking	

outcome.	This	study	highlights	the	need	for	further	research	into	the	exact	

parameters	 under	 which	 perceptual	 and	 affective	 congruence	 generalizes	

across	outcomes	and	how	this	then	modulates	the	O-R	priming	effect.		

	

4. Integrating	motivation	into	O-R	priming	

As	 has	 been	 outlined	 in	 preceding	 sections,	 there	 is	 a	wealth	 of	 evidence	

showing	 that	 O-R	 priming	 is	 a	 simple	 mechanism	 that	 explains	 how	

anticipation	 of	 outcomes	 can	 lead	 to	 the	 selection	 of	 the	 appropriate	

responses	 that	will	 lead	 to	 that	outcome.	There	 is	also	evidence	 that	both	

the	perceptual	and	motivational	properties	of	an	outcome	can	be	encoded	

in	 the	 O-R	 association	 and	 mediate	 O-R	 priming.	 A	 more	 complex	 issue,	

however,	 relates	 to	 the	 circumstances	 under	 which	 possible	 outcomes	
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become	 ‘goals’	 –	 that	 is,	 how	 does	 the	way	 in	which	 these	 outcomes	 are	

activated	 and	 the	 motivational	 significance	 of	 these	 outcomes	 constrain	

whether	or	not	the	associated	action	is	carried	out?	If,	as	evidence	suggests,	

outcome	 presentation	 (or	 mere	 anticipation)	 can	 trigger	 responses	 with	

similar	perceptual	and	affective	outcomes,	 it	begs	 the	question	of	why	we	

are	not	automatons,	stuck	in	endless	action	loops	whereby	outcomes	in	the	

environment	 constantly	 trigger	 actions,	 triggering	 outcome	 anticipations,	

triggering	actions	and	so	 forth	 (Pezzulo,	Baldassarre,	Butz,	Castelfranchi,	&	

Hoffmann,	2007).	Clearly	this	response	behavior	needs	to	be	constrained	in	

a	 flexible	and	specific	manner	by	motivational	 factors,	namely	“is	 this	goal	

worth	pursuing	at	this	moment	in	time”?	Being	reminded	of	chocolate	cakes	

may	elicit	the	associated	response	(head	to	the	bakery),	but	this	should	not	

occur	if	chocolate	cake	is	not	currently	desired.	

	

4.1. Sensitivity	 of	 O-R	 priming	 to	 motivational	 significance	 of	

outcomes	

Ongoing	actions	can	certainly	be	biased	by	the	motivational	significance	of	

outcomes	 and	 two	 studies	 demonstrated	 that	 when	 participants	 were	

instructed	 to	move	 towards	 a	 low-value	 outcome,	movement	 trajectories	

were	 subtly	 biased	 in	 the	 direction	 of	 the	 high-value	 outcome	 (Dignath,	

Pfister,	 Eder,	 Kiesel,	 &	 Kunde,	 2014;	 Hommel,	 Lippelt,	 Gurbuz,	 &	 Pfister,	

submitted).	 This	 magnetism	 effect	 of	 the	 high-value	 outcome	 likely	

represents	 a	 competing	 Pavlovian	 approach	 response,	 indicating	 that	 the	

sensory	 O-R	 priming	 mechanism	 is	 at	 some	 level	 influenced	 by	 Pavlovian	

mechanisms.	 This,	 however,	 does	 not	 provide	 evidence	 that	 the	 rate	 and	

speed	of	O-R	priming	will	 be	weighted	by	 the	expected	 incentive	 value	of	

the	outcome.		
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A	number	of	studies,	using	various	paradigms,	have	examined	the	influence	

of	outcome	value	on	 the	 strength	of	O-R	priming.	Muhle-Karbe	and	Krebs	

(2012)	 trained	participants	on	 four	R-O	pairings	where	the	outcomes	were	

colored	 squares.	 Discriminative	 stimuli	 were	 used	 to	 signal	 the	 correct	

response	to	be	made	and	whether	or	not	this	would	be	rewarded.	In	a	test	

phase,	 participants	 were	 instructed	 as	 to	 correct	 responses	 to	 a	 new	

category	of	discriminative	stimuli	and	were	informed	that	no	rewards	were	

available.	 The	 colors	 that	 had	 functioned	 as	 outcomes	 in	 the	 acquisition	

phase	 were	 now	 presented	 as	 task-irrelevant	 primes	 in	 the	 test	 phase.	

Primes,	therefore,	could	be	compatible/incompatible	with	regards	to	either	

the	signaled	response	or	signaled	response	value	(or	both).	Responses	that	

had	 led	 to	 reward	 during	 the	 acquisition	 phase	 were	 not	 significantly	

affected	 by	 the	 different	 primes.	 However,	 responses	 that	 had	 not	

previously	been	 rewarded	were	carried	out	 significantly	 slower	when	 they	

were	 primed	 by	 a	 rewarding	 outcome	 color.	 The	 authors’	 explanation	 for	

these	results	is	that	reward	strengthened	R-O	binding	during	the	acquisition	

phase	 leading	 to	 increased	 O-R	 interference	 from	 high	 value	 outcome	

primes	 at	 test.	 In	 addition,	Muhle-Karbe	 and	 Krebs	 (2012)	 found	 that	 the	

degree	 to	 which	 rewarding	 outcomes	 interfered	 with	 carrying	 out	 a	

previously	non-rewarded	response	was	related	to	a	self-report	measure	of	

reward	sensitivity.		

	

Using	 a	 different	 paradigm	 in	 which	 the	 value	 of	 responses	 was	 always	

matched	 but	 outcome	 value	 was	 manipulated,	 Watson	 and	 colleagues	

(Watson	 et	 al.,	 submitted,	 2016)	 examined	 both	 direct	 O-R	 priming	 (with	

pictures	 of	 outcomes)	 and	 indirect	 S-O-R	 priming	 (using	 Pavlovian	 stimuli	

that	 had	 previously	 been	 associated	 with	 outcomes).	 In	 an	 instrumental	

learning	 phase,	 discriminative	 stimuli	 signaled	 whether	 a	 left	 or	 right	 key	
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was	the	correct	response	and	whether	it	would	be	rewarded	with	a	high-	or	

low-calorie	food	picture.	Each	response	key	was	assigned	to	one	high-	and	

one	 low-calorie	outcome.	During	 the	 test	 phase	participants	 saw	 the	 food	

pictures	 (or	Pavlovian	stimuli	previously	associated	with	 the	 food	pictures)	

and	were	asked	to	spontaneously	select	the	key	they	thought	was	correct.	

Results	showed	that	 the	palatable,	high-calorie	 food	pictures	 (or	Pavlovian	

stimuli	 previously	 associated	 with	 these)	 more	 frequently	 primed	 the	

relevant	 instrumental	 response,	 relative	 to	 the	 low-calorie	 food	outcomes.	

Furthermore,	 Watson	 and	 colleagues	 (submitted)	 compared	 the	

performance	of	a	clinical	group	of	severely	obese	individuals	with	a	healthy-

weight	 control	 group.	 They	 found	 that	 for	 obese	 individuals	 the	 response	

priming	effects	were	stronger	in	the	presence	of	high-	relative	to	low-calorie	

outcomes.	In	the	healthy-weight	group,	however,	there	was	no	difference	in	

response-priming	rates	for	high-	and	low-calorie	outcomes.	Taken	together,	

these	 studies	demonstrate	 that	 the	O-R	priming	mechanism	 is	 sensitive	 to	

outcome	value	and	that	O-R	priming	is	more	pronounced	in	the	context	of	

high-reward	 outcomes.	 Furthermore,	 certain	 phenotypes	 (e.g.	 those	

particularly	 sensitive	 to	 reward	 and	 a	 clinical	 group)	 show	 exaggerated	

response-priming	effects	for	highly	rewarding	outcomes.	

	

These	previous	 studies,	however,	did	not	demonstrate	 that	O-R	priming	 is	

immediately	sensitive	to	changes	 in	outcome	value.	Reinstatement	and	PIT	

studies	in	animals	have	shown	that	after	satiation,	animals	will	continue	to	

respond	 for	 food	 rewards	 when	 primed	 with	 a	 small	 piece	 of	 that	 food	

outcome	 (Eiserer,	 1978;	 Ostlund	 &	 Balleine,	 2007)	 or	 when	 indirectly	

primed	 by	 Pavlovian	 cues	 previously	 associated	 with	 that	 food	 outcome	

(Holland,	 2004;	 Rescorla,	 1994).	 Studies	 in	 humans	have	 employed	 similar	

devaluation	manipulations	to	test	whether,	in	the	presence	of	external	cues,	
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O-R	priming	is	 immediately	sensitive	to	shifts	 in	motivation.	Some	of	these	

studies,	using	food	and	cigarette	rewards,	report	that	O-R	priming	can	occur	

even	 when	 outcomes	 are	 no	 longer	 desirable	 (Hogarth,	 2012;	 Hogarth	 &	

Chase,	 2011;	 van	 Steenbergen,	 Watson,	 Wiers,	 Hommel,	 &	 de	 Wit,	

submitted;	Watson	et	al.,	2014).	Watson	and	colleagues	(2014)	first	trained	

participants	 to	 make	 one	 keyboard	 response	 for	 chocolate	 Smarties	 and	

another	 response	 for	popcorn.	 In	a	separate	Pavlovian	 training	phase	 they	

then	 learned	 the	 relationships	between	abstract	patterns	and	 the	delivery	

of	these	same	food	outcomes.	During	a	devaluation	phase	participants	ate	

one	 of	 the	 foods	 to	 satiety.	 This	 selective-satiety	 manipulation	 was	

successful	 as	 indicated	 by	 the	 fact	 that	 participants	 selectively	 reduced	

responding	 for	 the	 devalued	 reward	 (when	 tested	 in	 the	 absence	 of	 any	

stimuli	during	non-cued	trials).	However,	when	the	patterns	associated	with	

either	 popcorn	 or	 Smarties	 were	 presented	 on	 screen	 (cued	 trials),	

participants	responded	more	frequently	for	the	signaled	reward,	regardless	

of	 whether	 the	 outcome	 was	 currently	 desired	 or	 not.	 These	 behavioral	

results	 were	 replicated	 in	 a	 neuroimaging	 study	 (van	 Steenbergen	 et	 al.,	

submitted)	 that	 also	 found	 evidence	 for	 activation	 of	 dissociable	

corticostriatal	networks	during	non-cued	and	cued	trials.	Specifically,	when	

participants	made	responses	directed	towards	the	still-valuable	outcome	(in	

the	 absence	 of	 cues)	 activation	 was	 observed	 in	 the	 orbitofrontal	 cortex	

(consistently	implicated	in	goal-directed	behavior,	see	Balleine	&	O’Doherty,	

2010).	 By	 contrast,	 during	 cued	 trials,	 activation	 in	 the	 amygdala	 and	

posterior	 striatal	 regions	 that	 have	 been	 previously	 associated	 with	

responses	 primed	 by	 Pavlovian	 stimuli	 (Bray	 et	 al.,	 2008;	 Prévost	 et	 al.,	

2012)	were	again	observed,	regardless	of	the	incentive	value	of	the	signaled	

outcome	(van	Steenbergen	et	al.,	submitted).	These	studies	suggests	that	in	

the	absence	of	external	cues,	individuals	rely	on	both	the	knowledge	of	O-R	
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relationships	and	the	motivational	significance	of	those	outcomes	to	behave	

in	 a	 goal-directed	manner	 and	 choose	 the	 still-valuable	 outcome	 (e.g.	 the	

non-sated	food).	However,	when	triggered	by	external	cues	(either	directly	

by	outcomes	or	indirectly	by	Pavlovian	stimuli),	the	response-priming	effect	

is	 not	 flexibly	modulated	 by	 changes	 in	 outcome	 value	 	 (with	 participants	

often	 choosing	 the	 devalued	 outcome).	 The	 degree	 to	 which	 outcome	

representations	 are	 activated	 exogenously	 (e.g.	 by	 advertisements	

reminding	one	of	food)	as	opposed	to	endogenously	(e.g.	by	internal	states	

such	as	hunger)	in	everyday	life	is	unclear	although	argued	to	be	substantial	

(Custers	&	Aarts,	2010;	S.	de	Wit	&	Dickinson,	2009).		

	

The	 studies	 reviewed	 above	 demonstrate	 mixed	 results	 as	 to	 whether	

exogenously	 activated	 O-R	 priming	 is	 sensitive	 to	 changes	 in	 motivation.	

These	 different	 findings	 are	 almost	 certainly	 due	 to	 when	 precisely	 the	

motivational	 manipulation	 took	 place.	 In	 the	 study	 of	 Watson	 and	

colleagues	 (2014)	 both	 outcomes	 were	 equally	 desirable	 during	 the	 R-O	

training	 phase	 before	 subsequent	 devaluation	 of	 one	 of	 them	 (see	 also	

Hogarth,	2012;	Hogarth	&	Chase,	2011).	The	studies	highlighted	above	that	

observed	 stronger	 response	 priming	 for	 high-value	 outcomes,	 however,	

tended	to	use	outcomes	that	already	differed	in	motivational	significance	at	

the	start	of	the	experiment.	It	is	therefore	possible	(as	suggested	by	Muhle-

Karbe	and	Krebs,	2012)	 that	 stronger	associative	bonds	between	 response	

and	 outcome	 representations	 are	 formed	 for	 high-value	 outcomes	 during	

training,	 leading	 to	 differences	 in	O-R	 priming	 at	 test.	 This	 hypothesis	 has	

not	 yet	 been	 directly	 tested	 although	 if	 true,	 would	 suggest	 that	 O-R	

learning	is	sensitive	to	outcome	value,	but	that	O-R	priming	in	the	presence	

of	external	cues	is	generally	not	flexibly	modulated	by	changes	in	outcome	

value	(Watson	et	al.,	2016).		
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There	 have	 however	 been	 two	 PIT	 studies	 that	 used	 a	 devaluation	

manipulation	after	the	training	phase	and	did	observe	a	reduced	PIT	effect	

for	the	devalued	outcome	(Allman	et	al.,	2010;	Eder	&	Dignath,	2015).	These	

two	 studies	 using	 monetary	 outcomes	 (Allman	 et	 al.,	 2010)	 and	 drink	

outcomes	(Eder	&	Dignath,	2015)	highlight	that	more	research	is	required	to	

assess	 boundary	 conditions:	 exactly	 how	 different	 paradigms	 and	 task	

instructions	can	engender	behavior	that	 is	sensitive	to	shifts	 in	motivation,	

even	 in	 the	 presence	 of	 external	 reward	 related	 cues.	 It	 is	 likely	 that	

different	participants	use	different	strategies	during	the	task	when	choosing	

which	 outcome	 to	 respond	 for	 and	 that	 the	 presence	 of	 the	 Pavlovian	

stimuli	 (or	 outcomes)	 signals	 different	 things	 to	 different	 participants.	 For	

example,	 a	 unique	 feature	 of	 the	 studies	 that	 did	 show	 insensitivity	 to	

outcome	devaluation	(Hogarth,	2012;	Hogarth	&	Chase,	2011;	Watson	et	al.,	

2014)	is	that	participants	were	instructed	during	the	instrumental	(and	test)	

phases	that	only	one	of	the	rewards	was	available	on	each	trial	(participants	

did	 not	 know	 which	 reward	 was	 available).	 Although	 not	 formally	

demonstrated,	this	instruction	likely	encourages	participants	to	sample	both	

response	 keys	 during	 the	 test	 phase	 and	 may	 therefore	 make	 choice	

behavior	 more	 susceptible	 to	 the	 biasing	 effect	 of	 the	 cues	 that	 are	

presented.	In	line	with	this,	Hogarth	and	colleagues	(Hogarth,	Retzler,	et	al.,	

2014)	 argue	 that	 participants	 form	 hierarchical	 expectations	 of	 which	

response	 is	 likely	 to	 be	 rewarded	 in	 the	 presence	 of	 which	 cues	 and	 so	

respond	 accordingly	 during	 the	 test	 phase.	 If	 this	 hierarchal	 expectation	

account	is	correct,	then	paradigms	in	which	only	one	reward	is	available	on	

each	trial	could	strengthen	the	formation	of	these	expectations.	It	should	be	

noted	however,	 that	 regardless	of	whether	 this	priming	behavior	 is	driven	

by	an	explicit	(hierarchical)	expectation	or	is	a	relatively	automatic	process,	
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the	resulting	behavior	(e.g.	responding	for	a	devalued	food	reward	that	you	

are	expected	to	consume)	is	seemingly	inflexible	and	maladaptive	(Hogarth	

et	al.,	2014;	Hommel,	in	press,	2013;	Ridderinkhof,	2014).		

	

In	summary,	the	available	evidence	suggests	that	responses	associated	with	

high-value	 outcomes	 are	 primed	 faster	 and	 more	 frequently	 (see	 also;	

Beckers	et	al.,	2002;	Eder	et	al.,	2014)	lending	support	to	the	notion	that	the	

O-R	 priming	 mechanism	 is	 weighted	 by	 differences	 in	 incentive	 value	 of	

outcomes.	However,	 doubts	 remain	 as	 to	whether	 this	mechanism	 is	 fully	

flexible	in	regards	to	post-training	changes	in	outcome	value	(Allman	et	al.,	

2010;	Eder	&	Dignath,	2015;	Hogarth,	2012;	Hogarth	&	Chase,	2011;	Watson	

et	 al.,	 2014).	 It	 can	be	argued	 that	 certain	paradigms	and	 instructions	 can	

bias	 cue-elicited	 behavior	 to	 be	 insensitive	 to	 outcome	 value,	 but	 this	

requires	further	experimental	evidence.		

	

5. Further	points	of	discussion	

5.1. Approach	and	Avoidance	as	Instrumental	Actions	

All	of	the	studies	that	have	been	considered	thus	far	(in	this	chapter)	have	

examined	 how	 presentation	 or	 anticipation	 of	 an	 outcome	 can	 prime	

instrumental	 responses	 that	 previously	 led	 to	 perceptually	 or	 affectively	

similar	 outcomes.	 The	 instrumental	 responses	 in	 these	 studies	 were	

generally	 two	 keyboard	 keys	 (left	 and	 right),	 but	 there	 is	 data	 to	 suggest	

that	some	actions	can	be	inherently	valenced	–	specifically	those	labeled	as	

“approach”	 versus	 “avoidance”	 (see	 also	 Chapter	 2).	 A	 number	 of	 studies	

have	systematically	investigated	how	Pavlovian	stimuli	facilitate	and	inhibit	

instrumental	 approach	 and	 avoidance	 actions	 revealing	 a	 complex	

interaction	 between	 Pavlovian	 outcome	 valence,	 instrumental	 outcome	

valence	and	action	valence	(approach	or	avoid:	Geurts,	Huys,	den	Ouden,	&	
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Cools,	 2013a,	 2013b;	 Huys	 et	 al.,	 2011;	 Ly,	 Huys,	 Stins,	 Roelofs,	 &	 Cools,	

2014).	 In	 the	 study	 of	 Huys	 and	 colleagues	 (2011)	 participants	 received	

financial	 rewards	 for	 making	 instrumental	 approach	 movements	 towards	

outcomes	 (e.g.	move	 the	mouse	 cursor	 towards	 a	 purple	mushroom)	 and	

instrumental	 avoidance	 actions	 away	 from	 others	 (e.g.	 move	 the	 cursor	

away	 from	 an	 orange	mushroom).	 In	 a	 Pavlovian	 training	 phase,	 different	

patterns	 were	 associated	 with	 financial	 loss	 or	 gain,	 and	 these	 Pavlovian	

stimuli	 were	 then	 presented	 as	 backgrounds	 while	 the	 participants	 made	

the	 instrumental	 approach	 and	 avoidance	 movements	 during	 the	 test	

phase.	 Huys	 and	 colleagues	 (2011)	 demonstrated	 that	 Pavlovian	 stimuli	

associated	with	winning	will	only	facilitate	instrumental	approach	behaviors,	

but	not	instrumental	avoid	behaviors	(even	though	the	financial	outcome	of	

both	 the	 instrumental	 avoid	 response	 and	 Pavlovian	 S-O	 association	were	

affectively	 positive).	 Likewise,	 Pavlovian	 stimuli	 associated	 with	 losing	

money	 facilitated	 instrumental	 avoid	 behaviors,	 even	 though	 the	

instrumental	 avoidance	 behavior	 previously	 led	 to	 winning	 a	 financial	

reward.	 Importantly,	 both	 the	 approach	 and	 avoidance	 actions	 involved	

“going”	(as	opposed	to	“not-going”)	so	the	results	can	not	be	explained	as	

increased	 excitation	 of	 the	 motor	 system	 following	 presentation	 of	

appetitive	Pavlovian	stimuli	(cf.	Chiu	et	al.,	2014).	Similar	results	have	been	

found	using	 comparable	 designs	 (Geurts	 et	 al.,	 2013a;	 Ly	 et	 al.,	 2014;	 but	

see:	 Geurts	 et	 al.,	 2013b)	 and	 these	 studies	 demonstrate,	 therefore,	 that	

the	 outcome	 specific	 PIT	 effect	 (in	 which	 cue-elicited	 anticipation	 of	

outcomes	triggers	associated	responses)	is	constrained	by	additional	factors	

such	as	action	valence.	

	

	

	



Review:	O-R	priming	and	motivation	

221	

5.2. Disrupting	O-R	priming	

Given	the	emerging	evidence	that	certain	individuals	are	more	vulnerable	to	

the	biasing	effects	of	external	cues	on	behavior	than	others	(Muhle-Karbe	&	

Krebs,	 2012;	 Watson	 et	 al.,	 submitted;	 see	 also:	 Garbusow	 et	 al.,	 2015;	

Geurts	 et	 al.,	 2013b)	 the	question	arises	 as	 to	how	 these	effects	 could	be	

disrupted	 or	 diminished.	 Results	 from	 the	 studies	 reviewed	 above	

collectively	suggest	 that	once	the	associations	have	been	 learned	between	

stimuli,	responses	and	rewarding	outcomes,	that	outcome	devaluation	(for	

example	by	health	warnings	or	satiation)	will	have	 little	effect	on	reducing	

cue-elicited	 responding	 for	 signaled	 rewards.	 Traditional	 clinical	 and	

preventative	 approaches	 that	 focus	 on	 devaluing	 drug	 outcomes,	 through	

for	 example	 health	 warnings,	 have	 also	 had	 limited	 effect	 in	 practice	

(Moyer,	 Finney,	 Swearingen,	 &	 Vergun,	 2002;	 Stockley,	 2001).	 In	 the	 lab,	

attempts	 have	 been	made	 to	 use	 extinction	 and	 relearning	 procedures	 to	

modify	 the	 Pavlovian	 S-O	 contingencies	 and	 see	whether	 this	 reduces	 the	

ability	 of	 stimuli	 to	 indirectly	 trigger	 O-R	 behavior.	 Reports	 on	 the	

effectiveness	 of	 such	 extinction	 procedures	 are,	 however,	 mixed.	 Using	 a	

PIT	 paradigm	 with	 various	 extinction	 procedures	 after	 initial	 Pavlovian	

training,	 Delamater	 (1996)	 reported	 that,	 in	 rats,	 extinction	 procedures	 in	

which	 the	 cue	 was	 paired	 with	 no	 outcome,	 or	 paired	 with	 a	 different	

outcome	did	not	reduce	the	degree	to	which	the	cues	were	still	able	to	elicit	

anticipation	 of	 the	 original	 outcome	 and	 it’s	 associated	 instrumental	

response.	 However,	 Delamater	 later	 reported	 that	 if	 the	 initial	 Pavlovian	

training	was	brief	then	an	equivalent	number	of	extinction	trials	did	lead	to	

a	 reduced	 PIT	 effect	 (Delamater,	 2012).	 In	 humans,	 similar	manipulations	

have	 been	 used	 whereby	 after	 initial	 Pavlovian	 training,	 the	 Pavlovian	

stimuli	 are	 paired	 with	 no	 outcome	 and	 the	 effect	 of	 this	 extinction	

procedure	on	PIT	examined	in	the	test	phase	(Hogarth,	Retzler,	et	al.,	2014;	
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Rosas,	 Paredes-Olay,	 García-Gutiérrez,	 Espinosa,	 &	 Abad,	 2010).	 These	

studies	 have	 reported	 that	 while	 the	 extinction	 procedure	 successfully	

reduced	 participant’s	 self-reported	 expectancy	 that	 the	 outcome	 would	

follow	 the	 cue,	 the	 cue	 still	 triggered	 the	 instrumental	 response	 directed	

toward	 the	 previously	 associated	 outcome	 (Hogarth,	 Retzler,	 et	 al.,	 2014:	

Experiment	1;	Rosas	et	al.,	2010:	Experiments	1	&	2).	Similarly,	cue	exposure	

therapy	 as	 an	 intervention	 for	 addiction	 –	 in	 which	 patients	 attempt	 to	

control	their	desire	to	use	when	exposed	to	drug	cues-	has	had	only	limited	

effectiveness	in	clinical	practice	(Boutelle	&	Bouton,	2015;	Conklin	&	Tiffany,	

2002;	 Havermans	 &	 Jansen,	 2003).	 The	 Pavlovian	 S-O	 relationship	 does	

show	some	degree	of	flexibility,	however,	as	lab	studies	also	showed	that	if	

the	Pavlovian	stimulus	is	retrained	as	a	signal	that	the	alternative	reward	is	

available,	 then	 participants	 will	 begin	 responding	 for	 the	 other	 reward	

during	 the	 test	phase	 in	 the	presence	of	 that	 cue	 (Experiment	2:	Hogarth,	

Retzler,	et	al.,	2014;	Experiment	3:	Rosas	et	al.,	2010).		

	

Pilot	 studies	 in	 our	 lab	 used	 a	 slightly	 different	 approach	 to	 reduce	 the	

ability	of	cues	to	augment	instrumental	responding	(see	Appendix	B).	Using	

a	PIT	paradigm,	with	drink	rewards,	we	attempted	to	manipulate	properties	

of	 the	 Pavlovian	 cues	 after	 the	 initial	 training	 phases,	 using	 two	 different	

manipulations.	Participants	first	learned	that	one	key	would	yield	Coca	Cola	

and	 the	 other	 orange	 juice.	 They	 then	 learned	 the	 relationships	 between	

two	 abstract	 stimuli	 and	 these	 two	 same	 drink	 outcomes.	 Before	 the	 test	

phase,	participants	either	underwent	a	counterconditioning	manipulation	in	

which	 one	 of	 the	 cues	 was	 repeatedly	 paired	 with	 a	 bitter	 tasting	 drink	

(Experiment	1)	or	 they	performed	an	 inhibition	 training	 task	where	one	of	

the	 cues	 was	 constantly	 paired	 with	 the	 stopping	 stimulus	 and	 the	 other	

paired	 with	 the	 going	 stimulus	 (Experiment	 2).	 Neither	 of	 these	
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manipulations	 was	 successful,	 however,	 in	 reducing	 the	 ability	 of	 the	

manipulated	 cue	 to	 trigger	 responding	 for	 the	 outcome	 it	 signaled.	 Taken	

together	 these	 studies	 suggest	 that	 once	 the	 associations	 between	 cues,	

outcomes	 and	 responses	 have	 been	 learned,	 it	 is	 very	 difficult	 to	 alter	 or	

diminish	 these	 through	 either	 outcome	 devaluation,	 reduced	 S-O	

expectancies	or	manipulating	affective	or	activating	properties	of	the	cues.	

Of	 course,	when	 instructed	 to	do	 so,	participants	are	able	 to	 respond	 in	a	

manner	 incongruous	 with	 the	 outcome	 that	 is	 currently	 being	 presented	

(Hogarth,	 Retzler,	 et	 al.,	 2014).	 Such	 explicit	 strategies	might	 not	 be	 very	

effective	in	complex	real	world	scenarios	and	the	clinical	relevance	of	such	

an	 approach	 is	 therefore	 limited.	 	Whether	 the	 cueing	 effects	 of	 external	

outcome	 presentation	 on	 response	 selection	 can	 be	 diminished	 in	 a	 less	

explicit	manner,	remains	to	be	seen.	

	

	

6. Conclusions	and	implications	for	theories	of	action	control	

The	 studies	 reviewed	 in	 this	 chapter	 highlight	 that	 O-R	 priming	 is	 a	

parsimonious	mechanism	by	which	(cue-elicited)	outcome	anticipation	leads	

to	the	selection	of	the	appropriate	motor	patterns	required	to	achieve	that	

outcome,	 and	 can	 account	 for	 a	 wide	 variety	 of	 behavioral	 phenomena.	

Both	the	sensory	and	motivational	properties	of	outcomes	can	be	encoded	

and	 mediate	 the	 O-R	 priming	 effect,	 and	 to	 some	 extent	 the	 resulting	

actions	 appear	 to	 be	 weighted	 by	 the	 motivational	 significance	 of	 the	

anticipated	 outcomes.	 For	 behavior	 to	 be	 considered	 truly	 goal-directed,	

however,	 it	 needs	 to	 be	 established	 that	 the	 behavior	 is	 immediately	

sensitive	 to	 changes	 in	 the	 motivational	 significance	 of	 outcomes.	 O-R	

priming	 appears	 to	 be	 relatively	 inflexible	 and	 difficult	 to	 disrupt	 and	 a	

number	of	studies	have	demonstrated	the	insensitivity	of	this	mechanism	to	
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outcome	 devaluation.	 Further	 research	 is	 needed	 to	 disentangle	 whether	

particular	 task	 paradigms	 and	 instructions	 render	 instrumental	 behavior	

more	 susceptible	 to	 the	biasing	 effects	 of	 external	 cues	 (regardless	 of	 the	

expected	consequences)	or	whether	O-R	priming	 is	 simply	driven	more	by	

the	sensory	as	opposed	to	motivational	aspects	of	outcomes.	The	outcome	

of	 this	 research	will	 determine	whether	 theories	 of	 action	 control	 arguing	

that	O-R	priming	can	fully	account	for	intentional	human	behavior	(such	as	

ideomotor	 theory:	 Eder	&	 Rothermund,	 2013;	 Hommel,	 2009;	 Hommel	 et	

al.,	2001)	need	to	be	extended	to	account	for	the	range	of	data	presented	

here	or	 refined	 to	detail	 the	conditions	under	which	 the	 response-priming	

effect	 is	 constrained	 by	motivational	 factors.	 Alternatively,	 future	work	 in	

this	field	may	suggest	that	other	theories	that	assign	only	a	limited	role	for	

the	O-R	priming	mechanism	(such	as	the	Associative	Cybernetic	Model;	S.	de	

Wit	&	Dickinson,	2009;	Dickinson	&	Balleine,	1994)	may	be	overly	complex	

and	possibly	underestimating	the	scope	of	the	O-R	priming	mechanism.	The	

explosion	of	research	in	this	field	in	recent	years	means	that	these	questions	

will	 no	doubt	 soon	be	 answered.	 This	 has	 important	 implications	not	only	

for	 theoretical	 models	 but	 also	 for	 the	 appropriate	 clinical	 approach	

towards	 maladaptive	 behavior	 (for	 example	 as	 observed	 in	 obesity	 or	

addiction).	Given	the	evidence	that	O-R	priming	can	be	triggered	by	external	

stimuli	in	a	relatively	automatic	manner,	regardless	of	the	incentive	value	of	

outcomes,	attempts	should	be	made	to	both	prevent	the	formation	of	these	

associations	 in	 the	 first	 place	 and	 develop	 treatments	 that	 focus	 on	

diminishing	 the	 power	 that	 environmental	 cues	 have	 over	 drug	 and	 food-

seeking	responses.	


