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1. Different	approaches	to	action	control	

Human	 behavior	 has	 fascinated	 psychologists	 and	 philosophers	 for	

centuries.	 How	much	 insight	 do	 we	 possess	 about	 our	 own	 behavior?	 To	

what	extent	 is	 it	driven	by	the	desire	 to	achieve	certain	goals	and	to	what	

extent	 is	 it	 habitual,	 driven	 by	 contexts	 and	 stimuli	 in	 the	 environment?	

Why	 do	 some	 individuals	 develop	 maladaptive	 patterns	 of	 behavior?	

Researchers	 in	 the	 field	 of	 associative	 learning	 have	 long	 examined	 how	

associations	 between	 stimuli,	 responses	 and	 outcomes	 guide	 and	 control	

behavior.	 However,	 separate	 research	 traditions	 in	 the	 fields	 of	 human	

psychology	 and	 animal	 learning	 have	 taken	 different	 approaches	 to	 the	

study	 of	 these	 associative	 mechanisms.	 The	 ideomotor	 approach	 (e.g.	

Hommel,	2009;	Hommel,	Müsseler,	Aschersleben,	&	Prinz,	2001)	has	tended	

to	focus	on	how	perceptual	outcomes	can	be	translated	into	behavior	(fine-

grained	motor	sequences)	via	outcome-response	(O-R)	associations.	Animal	

learning	theorists	(see	for	review:	S.	de	Wit	&	Dickinson,	2009)	have	focused	

on	 the	 motivational	 factors	 constraining	 behavior	 driven	 by	 O-R	

associations.	 During	 my	 PhD	 project,	 we	 investigated	 both	 the	 cognitive	

(perceptual)	 and	motivational	 factors	 that	 drive	different	 types	of	 actions.	

We	 measured	 the	 rate	 and	 speed	 at	 which	 different	 actions	 directed	

towards	 various	 outcomes	 were	 carried	 out,	 in	 the	 presence	 of	 different	

types	of	stimuli	and	under	different	motivational	conditions	(e.g.	hunger	or	

satiation).	In	different	studies	we	investigated	these	effects	on	instrumental	

actions	 (such	as	 left	 and	 right	 responses	on	a	 keyboard)	 and	 in	others	we	

examined	approach	and	avoidance	actions	(directed	towards	or	away	from	

outcomes),	 which	 can	 also	 be	 driven	 by	 Pavlovian	 mechanisms.	 We	

investigated	appetitive	behaviors,	directed	towards	food	and	drug	rewards,	

and	we	 frame	 our	 insights	 in	 the	 context	 of	maladaptive	 decision-making	

(e.g.	overconsumption	of	food	and	drug	abuse).	
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2. Approach	and	Avoidance	

Humans	and	animals	are	naturally	driven	to	approach	appetitive	outcomes	

(such	as	palatable	food)	and	avoid	aversive	outcomes	(such	as	rotten	food).	

In	 Chapters	 2	 and	 3	 we	 investigate	 the	 approach	 bias	 –	 a	 behavioral	

tendency	 to	 be	 faster	 at	 approaching	 rather	 than	 avoiding	 an	 appetitive	

picture.	This	is	operationalized	by	measuring	the	speed	at	which	individuals	

approach	appetitive	pictures	(e.g.	by	pulling	on	a	joystick	and	enlarging	the	

picture	size)	and	avoid	appetitive	pictures	(e.g.	by	pushing	on	a	joystick	and	

reducing	 the	 picture	 size).	 An	 approach	 bias	 is	 calculated	 based	 on	 the	

differences	 in	 reaction	 times	 in	 these	 two	 conditions	 and	 compared	 to	 a	

baseline	 condition	 (e.g.	 approach	 bias	 towards	 pictures	 of	 a	 neutral	

category).	When	considering	the	approach	bias	in	this	dissertation	we	focus	

on	 the	question	of	 the	possible	motivational	mechanisms	 that	 could	drive	

such	a	bias	–	is	it	driven	by	outcome	expectancies,	is	it	a	habitual	response,	

is	it	Pavlovian	in	nature	or	some	mix	of	these	options?			

	

3. Outcome-response	priming	

Outcome–response	 (O-R)	 priming	 is	mentioned	 frequently	 throughout	 this	

dissertation.	This	refers	to	an	outcome	“idea”	triggering	the	required	motor	

patterns	required	to	achieve	this	outcome.	For	example,	you	smell	hot	dogs	

and	onions,	which	can	trigger	the	associated	behavioral	response	–	seeking	

out	 the	 nearest	 hotdog	 vendor	 (see	 Figure	 1).	 This	 is	 the	 central	 plank	 of	

various	associative	 learning	models	and	has	a	 long	historical	 tradition	 (e.g.	

Harless,	 1861;	 James,	 1890;	 Lotze,	 1852).	 In	 the	 lab	 we	 investigate	 this	

direct	 O-R	 priming	 using	 tasks	 in	 which	 participants	 first	 learn	 the	

relationships	between	responses	(left	and	right	key	presses)	and	outcomes	

in	an	acquisition	phase.	In	a	test	phase	we	then	present	the	outcomes	and	
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ask	 participants	 to	 make	 responses	 (that	 are	 either	 congruent	 or	

incongruent	 with	 the	 response-outcome	 contingency	 learned	 during	 the	

acquisition	phase)	in	order	to	examine	interference	from	previously	learned	

R-O	mappings,	 or	 participants	 are	 asked	 to	 spontaneously	 press	 keys	 in	 a	

free-choice	 manner	 and	 we	 observe	 the	 extent	 to	 which	 the	 outcome	

primes	the	previously	learned	response.		

	

	
Figure	1.	An	illustrative	example	of	direct	O-R	priming	

	

In	 daily	 life	 however,	we	 aren’t	 always	 presented	 directly	with	 outcomes.	

Instead	 we	 can	 be	 reminded	 of	 possible	 outcomes	 by	 stimuli	 in	 the	

environment.	 To	 return	 to	 the	 example	 above,	 you	 might	 see	 a	 baseball	

game	being	shown	on	the	TV	at	a	 local	bar,	which	reminds	you	of	hotdogs	

and	triggers	you	to	seek	out	the	nearest	hotdog	vendor	(see	Figure	2).		This	

indirect	 stimulus-outcome-response	 (S-O-R)	 priming	 can	 be	 investigated	

with	the	Pavlovian-to-instrumental	transfer	(PIT)	paradigm,	which	has	been	

used	in	many	animal	studies	(Estes,	1948;	Rescorla	&	Solomon,	1967).	In	the	

first	 instrumental	 training	 phase	 participants	 learn	 that	 pushing	 on	

particular	 response	 keys	will	 yield	particular	outcomes	 (R-O	 learning).	 In	 a	

subsequent	 Pavlovian	 training	 phase	 participants	 learn	 that	 particular	
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stimuli	predict	the	occurrence	of	these	same	outcomes	(S-O	learning).	In	the	

test	phase,	participants	are	free	to	respond	on	either	of	the	response	keys	

and	occasionally	the	Pavlovian	stimuli	are	presented	to	examine	the	effect	

on	 ongoing	 response	 behavior.	 Many	 (animal	 and	 human)	 studies	 have	

shown	 that	 the	 stimulus	 elicits	 anticipation	 of	 the	 outcome	 that	 in	 turn	

primes	the	associated	behavioral	response	(indirect	S-O-R	priming).		

	

	
Figure	2:	An	illustrative	example	of	indirect	S-O-R	priming	

	

4. The	remaining	chapters	of	this	dissertation	

Chapter	2	provides	a	theoretical	overview	to	major	theories	of	addiction	as	

well	 as	 possible	 cognitive	 and	 motivational	 mechanisms	 underlying	 this	

maladaptive	behavior.	We	then	apply	this	 framework	to	the	approach	bias	

by	 conducting	 an	 extensive	 review	 of	 the	 existing	 literature	 regarding	 the	

approach	 bias	 towards	 addictive	 substances	 and	 discuss	 evidence	 for	 the	

possible	 cognitive	 and	 motivational	 mechanisms	 that	 could	 underlie	 this	

phenomenon.	 Finally	 we	 relate	 this	 back	 to	 predictions	 made	 by	 various	

models	of	addiction.	

	



About	this	dissertation	

15	

Chapter	3	is	an	empirical	study	that	tests	a	hypothesis	arising	from	Chapter	

2,	 namely,	 is	 the	 approach	 bias	 flexibly	 modulated	 by	 changes	 in	 the	

incentive	value	of	outcomes?	This	is	assessed	in	a	group	of	smokers	and	the	

approach	 bias	 towards	 cigarettes	 is	 measured	 both	 before	 and	 after	 a	

smoking	manipulation	(in	which	only	half	the	participants	actually	smoke	a	

cigarette).	We	 examined	whether	 the	 approach	 bias	would	 be	 reduced	 in	

the	 smoking	 group	 (suggesting	 that	 approach	 bias	 is	 driven	 by	 positive	

expectancy	 of	 the	 smoking	 outcome)	 or	 whether	 it	 remained	 stable	

(suggesting	 that	 it	 is	 a	 habitual,	 inflexible	 behavioral	 response	 to	 smoking	

stimuli).	 As	 can	 be	 seen	 in	 Chapter	 3,	 we	 do	 not	 find	 strong	 evidence	 in	

favor	 of	 either	 hypothesis,	 as	 unexpectedly	 the	 approach	 bias	 towards	

cigarettes	increased	after	participants	smoked	a	cigarette.	In	the	discussion	

section	of	this	chapter	we	highlight	the	difficulty	in	using	the	approach	bias	

as	a	proxy	 for	 instrumental	behavior.	Due	 to	 the	nature	of	 the	movement	

(towards	or	 away	 from	 the	 stimulus),	 it	 is	 very	 difficult	 to	 disentangle	 the	

relevant	contribution	of	Pavlovian	and	instrumental	mechanisms.	

	

Chapter	 4	 (and	 the	 related	 appendix)	 turns	 attention	 to	 ideomotor	 O-R	

priming.	 The	 motivation	 for	 these	 studies	 was	 to	 investigate	 how	

differences	 in	 outcome	 value	 would	 modulate	 the	 degree	 to	 which	

outcomes	 could	 trigger	 the	 associated	 behavioral	 response.	 Specifically,	

these	 sections	 outline	 attempts	 at	 extending	 the	 classic	 ideomotor	 two-

stage	paradigm	(e.g.	Elsner	&	Hommel,	2001)	to	multiple	response-outcome	

associations.	 This	 extension	 of	 the	 task	 was	 deemed	 a	 necessary	

prerequisite	 to	 study	 the	 impact	 of	 different	 outcome	 values	 on	 the	

ideomotor	 response-priming	 mechanism.	 However,	 as	 the	 results	 of	 this	

chapter	show,	this	approach	was	disappointing.	We	were	not	able	to	“scale	

up”	the	simple	ideomotor	paradigm	and	simply	add	value	as	a	design	factor	
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as	participants	apparently	did	not	spontaneously	acquire	 the	different	R-O	

associations.	In	subsequent	chapters	we	therefore	used	the	PIT	paradigm	to	

investigate	this	question.	

	

Chapter	 5	 uses	 the	 PIT	 paradigm	 to	 investigate	 how	 environmental	 cues	

elicit	anticipation	of	outcomes	that	in	turn	trigger	the	associated	behavioral	

response	 (indirect	 S-O-R	 priming).	 This	 study	 was	 carried	 out	 with	 food	

rewards	 and	we	used	a	 satiation	manipulation	 to	 investigate	whether	 this	

indirect	 response	 priming	 effect	 would	 be	 flexibly	 reduced	 by	 changes	 in	

outcome	 value.	 We	 found	 that	 satiation	 did	 not	 reduce	 cue-elicited	

responding	for	food	rewards.		

	

Chapter	 6	 examines	 both	 direct	 ideomotor	 and	 indirect	 (PIT)	 response	

priming	in	a	group	of	adolescents.	In	order	to	investigate	the	effect	of	value,	

both	 high	 and	 low	 calorie	 food	 outcomes	 are	 used.	 We	 found,	 in	 two	

experiments,	 that	 rates	 of	 ideomotor	 O-R	 priming	 were	 higher	 in	 the	

context	 of	 high-calorie	 food	 outcomes.	 That	 is,	 when	 adolescents	 saw	

pictures	 of	 high	 calorie	 food	 (or	 stimuli	 previously	 associated	 with	 these)	

they	more	 frequently	 selected	 the	key	 that	had	been	associated	with	 that	

food	picture,	relative	to	the	low-calorie	food	pictures.	

	

Chapter	7	builds	on	a	hypothesis	arising	out	of	Chapter	5:	that	the	priming	

of	 food-related	 responses	 by	 food	 cues	 in	 our	 obesogenic	 environment	

might	have	clinical	 relevance.	We	use	the	same	paradigm	as	that	reported	

upon	in	Chapter	6,	and	compare	performance	of	a	group	of	severely	obese	

individuals	 with	 that	 of	 a	 healthy-weight	 control	 group.	 We	 found	 that	

participants	in	the	obese	group	showed	stronger	response	priming	for	high-
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calorie	food	outcomes	(relative	to	low-calorie	food	outcomes),	whereas	for	

healthy-weight	participants	there	was	no	such	difference.	

	

Chapter	 8	 is	 a	 theoretical	 review	 paper	 reviewing	 the	 results	 from	 the	

experiments	 outlined	 in	 Chapters	 5-7	 alongside	 current	 research	 in	 this	

field.	 Specifically,	 this	 chapter	 focuses	 on	 both	 direct	 and	 indirect	 O-R	

priming	 effects	 and	 discusses	whether	 the	 existing	 evidence	 suggests	 that	

this	mechanism	 is	 sensitive	 to	 changes	 in	 the	motivational	 significance	 of	

outcomes.	 The	 related	 appendix	 outlines	 pilot	 studies	 in	 which	 we	 have	

attempted	to	disrupt	the	indirect	O-R	priming	effects.	

	

Chapter	9	reflects	on	the	empirical	work	in	preceding	chapters.	It	discusses	

limitations	of	the	various	paradigms,	implications	of	the	findings	and	offers	

recommendations	for	future	research	goals	and	methodology.	

	

5. A	note	on	semantics	

The	 term	 “goal-directed	 behavior”	 is	 commonly	 used	 in	 this	 dissertation,	

and	 it	 is	 important	 to	 acknowledge	here	 that	 different	 research	 traditions	

offer	 different	 definitions.	 	 Ideomotor	 theorists	 (and	 many	 others	 from	

various	fields	of	psychology)	have	tended	to	use	the	phrase	“goal-directed”	

to	mean	behavior	that	 is	driven	by	knowledge	of	the	relationship	between	

action	 and	 outcome,	 whereas	 those	 from	 animal	 learning	 have	 used	 the	

definition	 “that	which	 is	driven	by	 knowledge	of	 the	 relationship	between	

action	and	outcome	and	is	currently	desired”.	As	is	outlined	in	more	detail	in	

Chapter	 2,	 this	 latter	 description	 of	 goal-directed	 behavior	 requires	

demonstration	 that	 the	 behavior	 is	 flexibly	 modulated	 by	 changes	 in	 the	

incentive	 value	 of	 the	 outcome.	 Behavior	 that	 is	 insensitive	 to	 changes	 in	

incentive	 value	 is	 argued	 to	 be	 under	 the	 control	 of	 stimuli	 in	 the	
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environment	 and	 labeled	 as	 “habitual”.	 This	 use	 of	 habit	 differs	 from	 its	

more	 general	 use	 in	psychology	where	 it	 is	 used	 to	describe	 any	behavior	

which	 is	 carried	 out	 frequently,	 at	 a	 similar	 time,	 in	 a	 similar	 context	 and	

relatively	 automatically.	 In	 the	 remainder	 of	 this	 dissertation	 these	

definitions	 of	 goal-directed	 and	 habit	 (as	 defined	 by	 animal	 learning	

theorists)	 will	 be	 used	 and	 a	 complete	 description	 is	 outlined	 in	 the	

following	chapter.	
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Abstract	

Human	behavior	can	be	paradoxical,	in	that	actions	can	be	initiated	that	

are	 seemingly	 incongruent	with	 an	 individual’s	 explicit	 desires.	 This	 is	

most	 commonly	 observed	 in	 drug	 addiction,	 where	 maladaptive	

behavior	(i.e.	drug	seeking)	appears	to	be	compulsive,	at	great	personal	

cost.	 Approach	 biases	 towards	 addictive	 substances	 have	 been	

correlated	with	actual	drug-use	in	a	number	of	studies,	suggesting	that	

this	measure	can,	in	some	cases,	index	everyday	maladaptive	behavior.	

At	 present	 it	 is	 unclear	 whether	 this	 bias	 to	 drug	 cues	 is	 a	 Pavlovian	

conditioned	 approach	 response,	 a	 habitual	 response,	 an	 action	driven	

by	the	sensory	anticipation	of	the	outcome,	or	a	goal-directed	action	in	

the	 sense	 that	 expectancy	 of	 the	 rewarding	 effects	 of	 drugs	 controls	

approach.	We	will	 address	 this	 question	 by	 combining	 the	 theoretical	

framework	 of	 associative	 learning	 with	 the	 available	 evidence	 from	

approach	 bias	 research.	 We	 outline	 the	 various	 motivational	

mechanisms	mediating	human	behavior	and	map	these	onto	the	major	

theories	 of	 addiction.	 The	 available	 experimental	 paradigms	 for	 the	

measurement	 of	 approach	 bias	 are	 detailed	 and	 theoretical	

implications	considered.		
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1. Introduction	

To	what	extent	is	human	behavior	under	voluntary	control?	Drug	addiction	

is	 an	 extreme	 example,	 where	 uncontrollable	 drug	 seeking	 continues	

despite	negative	social	or	interpersonal	consequences.	Although	many	drug	

users	are	 fully	aware	of	 the	negative	consequences	and	seek	 treatment	 in	

order	to	abstain	from	drug	use,	risk	of	relapse	remains	high.	This	highlights	

the	 paradoxical,	 destructive	 characteristic	 of	 addiction:	 that	 drug-seeking	

behavior	 persists	 despite	 explicit	 motivations	 to	 the	 contrary.	

Understanding	 the	 cognitive	 and	 motivational	 mechanisms	 that	 maintain	

such	behaviors	may	allow	us	to	better	understand	action	control	in	general.		

	

The	 approach	 bias	 is	 a	 lab	 measurement	 of	 the	 behavioral	 inclination	 to	

approach	 rather	 than	avoid	certain	stimuli.	Experimental	 research	 into	 the	

approach	bias	has	provided	evidence	 for	 correlations	with	actual	drug	use	

and	 it	 is	 theorized	 that	 an	 approach	 bias	 may	 contribute	 to	 problematic	

drug-related	 behavior	 (Stacy	 &	Wiers,	 2010).	 An	 important	 question	 that	

remains	 to	 be	 addressed,	 however,	 is	 whether	 the	 approach	 bias	 has	 the	

characteristics	 of	 being	 a	 goal-directed	 behavior,	 controlled	 by	 the	

expectancy	 of	 a	 rewarding	 outcome.	 Alternatively,	 it	 may	 better	 fit	 the	

profile	 of	 a	 Pavlovian	 conditioned	 response,	 or	 of	 a	 persistent,	 habitual	

response	 to	 drug	 cues,	 or	 it	 may	 be	 driven	 by	 the	 sensory,	 but	 not	

motivational,	properties	of	the	outcome	representation.		

	

In	 the	 present	 paper,	 we	 provide	 a	 comprehensive	 overview	 of	 these	

possible	mechanisms	 that	 could	be	 facilitating	 approach	behavior	 towards	

addictive	substances.	To	this	end,	we	relate	the	approach	bias	to	theories	of	

addiction	 as	 well	 as	 theoretical	 concepts	 of	 associative	 learning	 theory	

(based	 on	 fundamental	 animal	 as	 well	 as	 human	 behavioral	 research).	
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Furthermore,	 we	 critically	 review	 the	 experimental	 measurement	 of	

approach	bias	and	the	evidence	that	it	can	underlie	maladaptive	behaviors.	

	

2. Theoretical	background		

Addiction	has	been	described	as	a	disease	of	learning	and	memory	whereby	

everyday	associative	learning	processes	become	pathological	(Hyman,	2005;	

Koob	&	Volkow,	2010).	Teenagers	experimenting	with	alcohol,	for	example,	

may	discover	that	it	makes	them	feel	sociable	and	lively.	The	initial	learning	

of	associations	between	rewarding	outcomes	and	the	contexts	or	behaviors	

that	lead	to	them,	allows	for	the	emergence	of	goal-directed	behavior	(e.g.	

approaching	 the	 bar	 at	 a	 party	 in	 order	 to	 feel	 sociable).	 For	 many	

teenagers,	this	goal-directed	behavior	can	over	time	become	habitual,	such	

that	simply	being	in	a	party	context	is	the	impetus	to	move	towards	the	bar,	

regardless	of	any	consideration	of	possible	 (pleasant)	outcomes.	 For	 some	

individuals	it	may	ultimately	also	persist	when	this	behavior	has	undesirable	

social	 consequences.	 Those	 individuals	 that	 continue	 to	 consume	 alcohol	

despite	 pervasive	 negative	 consequences	 and	 sometimes	 even	 explicit	

intentions	 to	 abstain	 may	 be	 regarded	 as	 compulsive	 drug-users	 (Koob	 &	

Volkow,	2010).	

	

A	 number	 of	 learning	 and	 reward	 processes	 underlie	 this	 behavioral	

transition	from	voluntary	drug	use	to	clinically	recognized	drug	dependency	

whereby	 the	 consumption	 is	 maintained	 at	 increasingly	 high	 cost.	

Associative	 learning	 theories,	 arising	 from	 the	 systematic	 study	 of	 animal	

behavior	 and	 neurobiology	 offer	 a	 coherent	 framework	 for	 defining	 and	

dissociating	these	processes	(see	Balleine,	Daw,	&	O’Doherty,	2008;	Balleine	

&	O’Doherty,	 2010).	 Initial	 empirical	 investigations	 in	 humans	 support	 the	

case	for	applying	this	associative	framework	to	human	behavior	(review:	S.	



Motivational	Mechanisms	&	Approach	Bias	
	

23	

de	 Wit	 &	 Dickinson,	 2009).	 The	 psychological	 constructs	 arising	 from	

associative	learning	theory	are	also	paralleled	in	some	neurocomputational	

models	 of	 decision-making,	 and	 we	 refer	 the	 interested	 reader	 to	 recent	

publications	 on	 this	 topic	 for	 an	 in-depth	 discussion	 (Balleine	 et	 al.,	 2008;	

Daw,	 Niv,	 &	 Dayan,	 2005;	 Dayan,	 Niv,	 Seymour,	 &	 Daw,	 2006).	 We	 shall	

discuss	approach	behavior	within	the	associative	 learning	context,	because	

this	 context	 provides	 the	 most	 useful	 concepts	 to	 understand	 and	

investigate	approach	and	avoidance	behavior.	At	 the	same	time,	however,	

we	 emphasize	 that	 a	 purely	 non-propositional,	 associative	 framework	 can	

be	 argued	 to	 be	 insufficient	 as	 an	 exhaustive	 account	 of	 human	 decision-

making	 (see	 for	 example	Mitchell,	 De	Houwer,	&	 Lovibond,	 2009,	 but	 see	

also	associated	commentaries).	

	

2.1. Pavlovian	or	classical	conditioning	

Associations	 between	 environmental	 cues	 (e.g.	 beer	 at	 a	 party)	 and	

motivationally	relevant	events	(e.g.	feeling	lively	and	sociable)	are	acquired	

over	 time	 and	 may	 play	 an	 important	 role	 in	 guiding	 everyday	 decision-

making.	The	conditions	under	which	associations	emerge	between	cues	and	

motivationally	relevant	events	have	been	studied	by	means	of	Pavlovian	(or	

classical)	 conditioning	 methods	 that	 establish	 a	 predictive	 relationship	

between	these	 (Pavlov,	1927).	Conditioned	stimuli	 (CS)	are	cues	 that	were	

once	irrelevant	(e.g.	a	food	bowl)	and	that	through	repetitive	pairing	with	a	

motivationally	 relevant	 stimulus	 (e.g.	 food)	 come	 to	 elicit	 conditioned	

responses.	 These	 conditioned	 responses	 can	 be	 consummatory	 in	 nature	

(e.g.,	salivation)	or	preparatory	(approach	toward	the	food	bowl;	Konorski,	

1967).	 Furthermore,	 it	 has	 been	 shown	 in	 humans	 that	 Pavlovian	

conditioning	 can	 lead	 to	 acquired	 likes	 and	 dislikes	 of	 previously	 neutral	

objects	 and	 places	 (evaluative	 conditioning;	 Hermans,	 Vansteenwegen,	
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Crombez,	Baeyens,	&	Eelen,	2002;	Hofmann,	De	Houwer,	Perugini,	Baeyens,	

&	Crombez,	2010).	These	processes	play	an	 important	role	 in	drug-seeking	

behavior	 as	 contexts	 that	 were	 previously	 paired	 with	 the	 rewarding	

experience	 of	 drug	 taking	 become	 preferred	 and	 will	 elicit	 conditioned	

approach	responses	that	may	support	drug	seeking.		

	

2.2. Pavlovian	versus	instrumental	learning	

While	 conditioned	 approach	 may	 well	 contribute	 to	 the	 approach	 bias,	

there	may	also	be	an	instrumental	component.	Whereas	Pavlovian	behavior	

results	from	the	contingencies	between	stimuli	and	motivationally	relevant	

events,	 instrumental	 behavior	 arises	 from	 the	 contingency	 between	 a	

response	 and	 a	 motivationally	 relevant	 outcome	 (Skinner,	 1938).	 If	 the	

outcome	 is	 rewarding,	 the	 instrumental	 agent	 will	 acquire	 the	 responses	

that	lead	to	this	outcome.		

	

Embedded	 within	 any	 instrumental	 contingency	 is	 also	 a	 Pavlovian	

relationship	between	 the	context	and	 the	outcome.	For	example,	where	a	

light	 stimulus	 (S)	may	signal	 that	a	 lever	press	 response	 (R)	will	produce	a	

food	 pellet	 outcome	 (O)	 there	 is	 an	 inherent,	 parallel	 S–O	 relationship	

between	the	light	and	the	rewarding	food	pellet	being	conditioned.	Often	a	

conditioned	 Pavlovian	 response	 will	 facilitate	 instrumental	 behavior	 (e.g.,	

salivation	 or	 approach	 to	 the	 food	 bowl	 will	 facilitate	 eating	 behavior).	

There	 are	 occasions,	 however,	 when	 contradicting	 instrumental	 and	

Pavlovian	 responses	 (whether	 preparatory	 or	 consummatory)	 can	 cause	

conflict	 (Hershberger,	 1986;	 Sheffield,	 1965).	 	 Hershberger	 (1986),	 for	

example,	created	a	‘looking	glass	world’	in	which	a	food	bowl	receded	with	

twice	 the	 speed	 at	which	 hungry	 chicks	 ran	 towards	 it,	 and	 drew	 near	 at	

twice	the	speed	at	which	the	chicks	ran	away	from	it.	To	gain	access	to	the	
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food	the	chicks	had	to	learn	to	overcome	the	Pavlovian	bias	to	approach	the	

food	 bowl,	 which	 acted	 as	 a	 CS	 for	 the	 food	 it	 contained.	 Most	 chicks	

continued	to	run	towards	the	bowl,	however,	and	thereby	lost	the	available	

food.	 The	 approach	 bias	 of	 these	 chicks	 was	 clearly	 controlled	

predominantly	 by	 Pavlovian	 conditioning,	 as	 sensitivity	 to	 the	 R-O	

contingency	 should	 have	 allowed	 them	 to	 learn	 to	 make	 the	 opposite	

response	of	running	away	from	the	food	bowl.	On	the	other	hand,	it	is	well	

known	 that	 animals,	 as	 well	 as	 humans,	 are	 capable	 of	 instrumental	

behavior.	In	a	later	section	we	will	review	the	evidence	for	an	instrumental	

component	of	the	approach	bias	in	humans	as	measured	in	the	laboratory.	

	

2.3. From	goal-directed	actions	to	habitual	responses	

Instrumental	 conditioning	 could	 contribute	 to	 the	 approach	 bias	 by	 giving	

rise	 to	 either	 goal-directed	 approach	 or	 to	 habitual	 approach	 that	 is	

triggered	 directly	 by	 environmental	 stimuli.	 Goal-directed	 actions	 are	

performed	in	order	to	achieve	certain	outcomes	(e.g.	approaching	the	bar	at	

a	party	to	feel	more	lively	and	sociable)	and	are	thus	flexibly	modulated	by	

the	 incentive	value	of	the	outcome	(Adams	&	Dickinson,	1981).	Over	time,	

however,	 these	 appetitive	 outcomes	 gradually	 reinforce	 S–R	 associations,	

that	give	rise	to	habitual	responding	that	is	directly	evoked	by	the	context.	

In	 this	 scenario	 the	 party	 context	 triggers	 approach,	 rather	 than	

consideration	 of	 the	 drinking	 outcome.	 Overtraining	 of	 an	 instrumental	

action	 is	 one	 way	 to	 bring	 about	 habitual	 responding	 (Adams,	 1982;	

Dickinson,	1985;	Tricomi,	Balleine,	&	O’Doherty,	2009).	In	the	early	stages	of	

drug	 use,	 drug-seeking	 behavior	 appears	 to	 meet	 the	 criteria	 for	 goal-

direction	 action.	 Habitual	 drug	 seeking	 triggered	 by	 certain	 cues	 and	

contexts	may,	however,	help	to	maintain	drug-seeking	behavior,	even	when	

the	drug	is	no	longer	desired.		
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In	animal	studies,	the	degree	to	which	behavior	is	goal-directed	or	habitual	

is	formally	assessed	by	means	of	the	outcome	devaluation	procedure.	In	this	

procedure	 instrumental	 training	 is	 followed	 by	 devaluation	 of	 the	

instrumental	outcome	(e.g.	 through	satiation	on	a	particular	 food	reward).	

Subsequently,	 an	 extinction	 test	 is	 conducted	 to	 assess	 instrumental	

responding	 for	 the	 devalued	 outcome.	 If	 behavior	 is	 predominantly	 under	

goal-directed	 control,	 responding	 for	 the	 devalued	 outcome	 should	 be	

immediately	 reduced.	 In	 contrast	 to	 goal-directed	behavior,	 S-R	habits	 are	

not	sensitive	to	devaluation	of	outcomes	and	such	behavior	will	persist.	

	

2.4. Pavlovian-to-instrumental	transfer	

A	popular	beer	brand	logo	can	prompt	thoughts	of	beer	drinking,	which	may	

increase	the	probability	that	an	 individual	will	head	to	the	nearest	bar	and	

realize	 that	 outcome.	 This	 anticipatory	 effect	 is	 formally	 described	 as	

Pavlovian-to-Instrumental	 transfer	 (PIT).	 In	 lab	 demonstrations	 of	 this	

phenomenon,	 a	 common	 outcome	 (such	 as	 a	 food	 reward)	 functions	 as	

both	 a	 Pavlovian	 reward	 and	 also	 an	 instrumental	 reward,	 in	 separate	

training	phases.	This	 training	allows	 for	 the	separate	development	of	both	

Pavlovian	 S-O	 expectancies	 and	 instrumental	 O-R	 associations.	 The	

interaction	 effect	 is	 then	 assessed	 by	 presenting	 the	 Pavlovian	 cue	whilst	

the	subject	 is	given	 the	opportunity	 to	perform	the	 instrumental	 response	

for	that	outcome.	Many	studies	have	shown	that	although	the	Pavlovian	cue	

was	 never	 directly	 paired	with	 a	 response,	 the	 expectancy	 elicited	 by	 the	

cue	 increases	 the	 likelihood	 of	 instrumental	 responding	 for	 that	 reward	

(outcome-specific	 PIT)	 or	 in	 some	 cases	 boosts	 responding	 generally	

(general	 PIT;	 Corbit	 &	 Balleine,	 2005;	 Estes,	 1948;	 Rescorla	 &	 Solomon,	

1967).	 PIT	 effects	 are	 now	 well	 documented	 in	 humans	 (Bray,	 Rangel,	
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Shimojo,	 Balleine,	 &	 O’Doherty,	 2008;	 Hogarth	 &	 Chase,	 2011;	 Hogarth,	

Dickinson,	 Wright,	 Kouvaraki,	 &	 Duka,	 2007;	 Huys	 et	 al.,	 2011;	 Nadler,	

Delgado,	 &	 Delamater,	 2011;	 Talmi,	 Seymour,	 Dayan,	 &	 Dolan,	 2008)	 and	

both	 forms	 of	 transfer	 (specific	 and	 general)	 could	 play	 a	 role	 in	

instrumental	approach	behavior.	For	example,	the	sight	of	a	beer	brand	logo	

may	 remind	 one	 of	 beer	 drinking	 which	 may	 activate	 approach	 behavior	

that	 is	 previously	 been	 instrumental	 in	 obtaining	 beer,	 via	 S–O–R	

associations.	General	PIT,	on	the	other	hand,	can	only	further	strengthen	a	

pre-existing	bias.	For	example,	 if	 there	 is	already	an	approach	bias	 toward	

alcohol,	 then	 any	 reward-associated	 cue	 (such	 as	 a	 cigarette	 logo	 for	

smokers)	may	further	increase	that	bias	by	boosting	the	dominant	approach	

response.	 Intriguingly,	 in	 animals,	 PIT	 effects	 have	 been	 shown	 to	 be	

insensitive	 to	 outcome	 devaluation	 (Holland,	 2004;	 Rescorla,	 1994)	

suggesting	that	these	could	play	an	important	role	in	addiction	relapse.	Two	

recent	studies	in	smokers	provided	evidence	that	Pavlovian	cues	predicting	

smoking	outcomes	 increase	the	 likelihood	of	responding	for	cigarettes	and	

that	furthermore,	this	can	occur	regardless	of	the	current	incentive	value	of	

the	 smoking	 outcome	 (Hogarth,	 2012;	 Hogarth	 &	 Chase,	 2011).	 In	 these	

studies,	 Pavlovian	 cues	 increased	 responding	 for	 cigarettes	 even	 after	

participants	 had	 read	 health	warnings	 about	 cigarettes	 (Hogarth	&	 Chase,	

2011)	 or	 been	 treated	with	 nicotine	 replacement	 therapy	 (Hogarth,	 2012)	

and,	 crucially,	 had	 decreased	 responding	 in	 the	 absence	 of	 the	 cues.	 It	

seems	paradoxical	 that	 this	behavior,	 controlled	by	 the	anticipation	of	 the	

outcome	 it	 produces,	 is	 not	 modulated	 by	 the	 current	 incentive	 value	 of	

that	 outcome,	 but	 this	 effect	 has	 been	 convincingly	 demonstrated	 in	

animals	and	humans	(Hogarth,	2012;	Hogarth	&	Chase,	2011;	Holland,	2004;	

Rescorla,	1994;	but	see	Allman,	DeLeon,	Cataldo,	Holland,	&	Johnson,	2010).	

It	 appears,	 therefore,	 that	 in	 outcome-specific	 Pavlovian-instrumental	
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interactions,	 the	 representation	of	 the	outcome	 contains	 sensory,	 but	 not	

motivationally	relevant	information	(see	Delamater	&	Oakeshott,	2007).	The	

result	 is	 that	 the	 perceptual	 characteristics	 of	 the	 outcome	 prompt	 the	

associated	 response,	 regardless	 of	 the	 current	 incentive	 value	 of	 that	

outcome.	 Future	 research	 should	 elucidate	 the	 exact	 mechanism	 that	

mediates	 outcome-specific	 PIT,	 but	 on	 the	 basis	 of	 these	 outcome-

reevaluation	 studies,	 we	 will	 make	 a	 distinction	 in	 the	 remainder	 of	 this	

manuscript	between	goal-directed	action	and	outcome-specific	PIT,	with	the	

latter	 also	 being	 mediated	 by	 anticipation	 of	 the	 outcome	 but	 occurring	

independently	of	the	incentive	goal	status	of	the	outcome.	

	

3. Theories	of	addiction	

The	 motivation	 driving	 destructive	 drug-seeking	 behavior	 is	 a	 key	

component	 of	 all	 major	 theories	 of	 addiction	 and	 most	 provide	 some	

explanation	for	why	environmental	cues	can	trigger	relapse,	even	after	long	

periods	 of	 sobriety.	 Some	 theories	 make	 clear	 predictions	 about	 the	

mechanisms	 that	 could	 facilitate	 an	 approach	 bias	 towards	 drug	 cues	 and	

whether	 such	 a	 bias	 is	 goal-directed,	 stimulus-bound	 habits	 or	 due	 to	 PIT	

anticipatory	 processes.	 Relevant	 to	 the	 discussion	 at	 hand	 are	 incentive	

sensitization,	theories	based	on	the	role	of	expectancy,	various	dual-process	

models	 (including	habit	 theories	of	addiction),	and	negative	 reinforcement	

models.			

	

3.1. Incentive	sensitization		

The	 incentive	 sensitization	model	proposes	 that	 repeated	drug	use	 causes	

neuroadaptations	 in	 mesolimbic	 dopaminergic	 systems	 controlling	 the	

incentive	values	assigned	to	drug-stimuli	 (Berridge,	2007;	T.	E.	Robinson	&	

Berridge,	 1993).	 Over	 time	 a	 pathological	 incentive	 value	 becomes	
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attributed	 to	 drug	 cues	 and	 contexts	 prompting	 compulsive	 drug	 taking.	

This	 incentive	 sensitization	 increases	 even	 whilst	 levels	 of	 subjective	

pleasure	 decrease	 over	 the	 course	 of	 addiction	 (defined	 as	 increased	

“wanting”	 even	 in	 the	 absence	 of	 “liking”	 a	 drug).	 	 Thus	whilst	 drugs	 can	

become	 disliked	 and	 an	 individual	may	 have	 explicit	motivations	 to	 avoid	

them,	 cues	 remain	 extremely	 salient	 and	 continue	 to	 elicit	 craving	 and	

motivate	approach	behavior	(T.	E.	Robinson	&	Berridge,	1993,	2000,	2001).	

	

3.2. Expectancy	theories	

Some	models	propose	that	cognitive	expectancies	of	drug	outcomes	play	a	

crucial	 role	 in	 motivating	 drug-seeking	 behavior.	 Goldman	 and	 colleagues	

argue	 that	drug	use	 is	a	goal-directed	choice,	based	on	 the	expectation	of	

the	hedonic	effect	of	the	drug	outcome	(Goldman,	2002;	Goldman,	Brown,	

&	 Christiansen,	 1987).	 Following	 a	 meta-analysis	 of	 conditioning	 studies	

using	 tobacco	 rewards,	 Hogarth	 and	 Duka	 (2006)	 found	 evidence	 for	 the	

role	of	cognitive	expectancies	in	drug-seeking	behaviors.	Recently,	however,	

this	view	was	extended,	given	demonstrations	that	cue-elicited	anticipation	

of	 a	 cigarette	 reward	 prompted	 responding	 for	 that	 reward,	 even	 when	

incentive	value	was	low.	The	authors	suggested	therefore	that	parallel	goal-

directed	 expectancies	 and	 sensory	 PIT	 anticipatory	 processes	 jointly	

determine	action	control	(Hogarth,	2012;	Hogarth	&	Chase,	2011).		

	

3.3. Dual	process	models	

There	 are	 various	 dual-process	 models	 of	 addiction.	 Similarly	 to	 Tiffany’s	

habit	theory	of	addiction	(Tiffany,	1990;	Tiffany	&	Conklin,	2000),	associative	

theories	 make	 a	 distinction	 between	 goal-directed	 and	 stimulus-bound	

behaviors	(S.	de	Wit	&	Dickinson,	2009;	Everitt,	Dickinson,	&	Robbins,	2001;	

Everitt	&	Robbins,	 2005;	Hogarth,	 2012;	Hogarth	&	Chase,	 2011).	Another	
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group	 of	 dual-process	 models	 describe	 an	 automatic,	 appetitive	 system	

opposed	by	an	executive	control	system	(Hofmann,	Friese,	&	Strack,	2009;	

Hofmann,	 Gschwendner,	 Friese,	 Wiers,	 &	 Schmitt,	 2008;	 Stacy	 &	 Wiers,	

2010;	R.	W.	Wiers	et	al.,	2007).	These	will	be	discussed	in	turn.	 	

	

3.3.1. Habitual	 versus	 goal-directed	 control	 in	 dual-process	

models	

Tiffany’s	habit	theory	of	addiction	(Tiffany,	1990;	Tiffany	and	Conklin,	2000)	

proposes	that	over	time,	drug-taking	“rituals”	become	automatic	behavioral	

schema,	 prompted	 by	 the	 environment.	 Whilst	 there	 are	 many	 unique	

features	 within	 Tiffany’s	 model,	 this	 transition	 from	 goal-directed	 to	

habitual	 behavior	 is	 also	 captured	 by	 associative	 dual-process	 models	 of	

addiction	 (Everitt	 et	 al.,	 2001;	 Everitt	 &	 Robbins,	 2005).	 According	 to	 this	

view,	 the	 reinforcing	 effects	 of	 drugs	 lead	 to	 strong	 S-R	 associations	

between	 contextual	 stimuli	 and	 drug-seeking	 behaviors.	 Over	 time,	

approach	 behavior	 towards	 drugs	 becomes	 a	 habitual	 response,	 triggered	

by	environmental	 cues.	This	behavioral	 transition	appears	 to	be	paralleled	

by	 impaired	 functioning	 of	 cortico-striatal	 networks	 supporting	 goal-

directed	behavior	(Everitt	&	Robbins,	2005;	Porrino,	Lyons,	Smith,	Daunais,	

&	Nader,	2004).	In	a	slightly	different	vein,	Hogarth	and	Chase	(2011)	argue	

that	 goal-directed	 and	 PIT	 anticipatory	 processes	 operate	 in	 an	 additive	

manner,	jointly	determining	behavior.		

	

3.3.2. Implicit	versus	explicit	control	in	dual-process	models	

Another	 set	 of	 dual-process	 models	 are	 centered	 upon	 the	 notion	 that	

appetitive	behavior	can	be	automatically	triggered	by	a	variety	of	cues	and	

that	 this	 behavior	 needs	 to	 be	 regulated	 by	 executive	 control	 processes,	

maintaining	 goal	 focus,	 and	 motivation	 to	 resist	 use	 and	 abuse	 of	 drugs	
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(Hofmann	et	al.,	2009,	2008;	Stacy	&	Wiers,	2010;	Strack	&	Deutsch,	2004;	

R.	W.	Wiers	et	al.,	2007).	Individual	differences	in	impulsivity	and	cognitive	

control	 modulate	 the	 effectiveness	 of	 this	 regulation	 (Dawe,	 Gullo,	 &	

Loxton,	2004;	Hofmann	et	al.,	2009;	Peeters	et	al.,	2012).	The	impulsive	and	

executive	dual	processes	can	be	mapped	fairly	well	onto	the	stimulus-bound	

and	 goal-directed	 distinction	 of	 associative	models,	 although	 it	 should	 be	

noted	that	the	reflective	control	system	is	often	argued	to	be	propositional	

in	nature,	not	associative	(Strack	&	Deutsch,	2004).	

	

3.4. Negative	Reinforcement	Theories	

Alleviation	 of	 a	 negative	 affective	 state	 –	 either	 withdrawal	 symptoms	 or	

more	generally,	depression	or	stress	–	is	a	commonly	cited	cause	of	relapse	

(Carey	&	Correia,	1997;	Kuntsche,	Knibbe,	Gmel,	&	Engels,	2005;	Shiffman	&	

Waters,	 2004).	 Negative	 reinforcement	 theories	 highlight	 the	 role	 of	

internal	 cues	 (negative	 affective	 states)	 in	 prompting	 drug	 use	 (Ahmed	&	

Koob,	 2005;	 Baker,	 Piper,	 McCarthy,	Majeskie,	 &	 Fiore,	 2004;	 Eissenberg,	

2004;	Koob	&	Le	Moal,	1997).	Koob	and	colleagues	propose	that	addiction	is	

the	 result	 of	 dysfunction	 in	 not	 only	 the	 reward	 system	but	 also	 the	 anti-

reward	 system,	 driving	 aversive	 states	 (Ahmed	 &	 Koob,	 2005;	 Koob	 &	 Le	

Moal,	 1997).	 It	 is	 beyond	 the	 scope	 of	 the	 present	 paper	 to	 provide	 a	

detailed	overview	of	negative	reinforcement	theories,	but	for	the	purposes	

of	 the	 current	 discussion	 we	 would	 like	 to	 note	 that	 similar	 motivational	

mechanisms	may	underlie	drug-seeking	based	on	the	rewarding	properties	

of	drugs	versus	avoidance	of	aversive	states	(Baker	et	al.,	2004;	Eissenberg,	

2004).	Avoidance	behavior	in	the	context	of	drug	use	could	be	either	a	goal-

directed	 strategy	 based	 on	 expectancies	 of	 the	 alleviating	 outcome,	 or	 a	

stimulus-response	habit	 reinforced	by	alleviation	of	negative	states,	or	 the	

result	of	Pavlovian-instrumental	interactions.	
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3.5. Interim	Conclusions	

Assessing	 the	 characteristics	 of	 the	 motivational	 mechanisms	 underlying	

addictive	approach	behavior,	 should	provide	evidence	 in	 favor	of	different	

models	of	addiction.	These	models	overlap	with	respect	to	several	common	

predictions.	 They	 all	 provide	 an	 explanation	 for	 why	 relapse	 can	 be	

triggered	 by	 environmental	 cues,	 whether	 this	 is	 due	 to	 S-R	 associations,	

incentive	sensitization	or	triggering	of	goal-directed	expectancies.	There	are	

nonetheless	 a	 number	 of	 subtle	 distinctions.	 Many	 implicit/explicit	 dual-

process	models	 propose	 that	 the	 approach	 bias	 represents	 an	 automatic,	

positive	evaluation	of	drug	cues,	which	is	argued	to	be	distinct	from	explicit	

processes.	 Goal-directed	 expectancy	 theories	 on	 the	 other	 hand	 would	

argue	that	the	bias	arises	due	to	positive	expectancy	of	the	drug	outcome.	

Some	 unique	 predictions	 derive	 from	 these	 models,	 which	 can	 be	

empirically	 tested.	 For	 example,	 associative	 dual-process	 models	 predict	

that	approach	behavior	will	eventually	be	resistant	to	outcome	devaluation	

as	behavior	transitions	to	habitual	control.	This	 is	 in	stark	contrast	to	goal-

directed	 expectancy	 theories,	 which	 predict	 that	 decreases	 in	 outcome	

value	will	continue	to	reduce	responding	for	drug-outcomes.	

	

4. Empirical	Data	

A	 longstanding	 idea	 in	psychological	science	 is	 that	a	considerable	amount	

of	behavior	is	driven	by	rapid,	evolutionary	relevant,	affective	evaluations	of	

stimuli.	These	affective	evaluations	classify	all	stimuli	as	either	‘negative’	or	

‘positive’,	 facilitating	 in	 the	 latter	 case,	 approach	 behavior	 (Bindra,	 1974;	

Chen	&	Bargh,	1999;	Dickinson	&	Dearing,	1979;	Fazio,	2001;	Krieglmeyer,	

Deutsch,	De	Houwer,	&	De	Raedt,	2010).		
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Motivations	 and	 affective	 attitudes	 are	 commonly	 assessed	 via	

questionnaires.	 Unfortunately,	 however,	 conclusions	 from	 such	 explicit	

measures	 can	 be	 difficult	 as	 participants	may	 lack	 insight	 into	 the	 driving	

forces	behind	their	actions	and	choices.	In	the	case	of	addiction,	invalid	self-

reports	may	 result	 from	 self-presentational	 strategies	 or	 self-deception	 in	

an	attempt	 to	maintain	a	positive	 self-image.	Moreover,	 introspection	has	

been	 argued	 to	 not	 be	 a	 reliable	 and	 objective	 method	 of	 assessing	

motivational	 states	 (Berridge,	 Robinson,	 &	 Aldridge,	 2009;	 Neal,	 Wood,	

Labrecque,	&	Lally,	2012;	Schooler	&	Mauss,	2009;	Wood	&	Neal,	2009).	As	

behavior	 becomes	 more	 habitual	 over	 time,	 there	 may	 not	 be	 a	

corresponding	shift	in	subjective	awareness	of	this	fact.	In	the	case	of	drug	

relapse,	 post	 hoc	 evaluation	 of	 one’s	 behavior	 may	 lead	 an	 individual	 to	

conclude	 that	 their	 behavior	 was	 motivated	 by	 a	 craving	 for	 the	 drug	 as	

opposed	to	being	prompted	by	the	external	environment.		

	

To	overcome	these	difficulties	and	problems,	a	number	of	indirect,	speeded	

reaction-time	tasks	have	been	developed	to	assess	the	valence	and	strength	

of	 affective	 evaluative	 associations	 (and	 the	 resulting	 approach	 behavior)	

without	 the	 need	 for	 explicit	 reflection	 on	 the	 part	 of	 the	 subject	 (De	

Houwer,	2006;	De	Houwer,	Teige-Mocigemba,	Spruyt,	&	Moors,	2009;	Fazio,	

2001).	We	focus	here	on	measures	of	action	tendencies,	although	it	should	

be	noted	that	varieties	of	the	Implicit	Association	Task	have	also	been	used	

to	assess	approach	and	avoidance	associations	of	a	target	category	such	as	

alcohol	(Ostafin	&	Palfai,	2006;	Palfai	&	Ostafin,	2003).	

	

4.1. Measurements	of	approach	bias	

In	 order	 to	 directly	 assess	 approach	 tendencies,	 a	 number	 of	 tasks	 have	

been	 developed	 that	 measure	 speed	 of	 approach	 towards	 (generally	
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pictorial)	 stimuli.	Approach	bias	 is	 generally	measured	as	 the	difference	 in	

reaction	 time	 on	 trials	 where	 participants	 make	 an	 approach	 movement	

(such	as	pulling	a	joystick)	versus	an	avoid	movement	(pushing	a	joystick)	to	

the	 pictorial	 stimuli	 on	 a	 computer	 screen.	 A	 number	 of	 tasks	 have	 been	

developed,	and	whilst	they	all	measure	approach	bias,	they	are	confusingly	

and	 interchangeably	 labeled	 as	 either	 Stimulus-Response	 Compatibility	

(SRC)	 tasks	 (utilizing	 either	 a	 manikin	 or	 a	 joystick),	 Approach	 Avoidance	

Tasks	 (AATs)	 or	 affective	 Simon	 tasks.	 To	 avoid	 confusion,	we	will	 use	 the	

explicit	paradigm	labels	when	describing	these	tasks	in	later	sections.	

	

4.1.1. The	manikin	task	

The	manikin	task	provides	an	 indirect	measure	of	approach	and	avoidance	

behaviors.	Approach	 tendencies	 are	 assessed	by	 calculating	 the	difference	

in	reaction	times	across	two	blocks	of	experimental	trials.	 In	the	first	block	

the	 participant	 moves	 a	 computerized	 manikin	 toward	 one	 category	 of	

stimuli	 (e.g.,	 alcohol)	 and	 away	 from	 other	 stimuli	 (e.g.,	 soft	 drinks).	 In	 a	

subsequent	 block	 this	 assignment	 reverses.	 Using	 this	 task,	 participants	

have	 been	 seen	 to	 approach	 positive	words	 faster	 than	 they	 are	 avoided,	

with	the	reverse	effect	for	negative	words	(De	Houwer,	Crombez,	Baeyens,	

&	Hermans,	 2001).	 	 In	 addition,	 the	manikin	 task	has	been	used	 to	 assess	

approach	 behaviors	 in	 studies	 focusing	 on	 eating	 disorders	 (Woud,	

Anschutz,	Van	Strien,	&	Becker,	2011),	obesity	(Havermans,	Giesen,	Houben,	

&	 Jansen,	 2011),	 Pavlovian	 conditioning	 of	 neutral	 stimuli	 (Thewissen,	

Havermans,	 Geschwind,	 van	 den	 Hout,	 &	 Jansen,	 2007;	 Van	 Gucht,	

Vansteenwegen,	 Van	 den	 Bergh,	 &	 Beckers,	 2008)	 as	 well	 as	 approach	

tendencies	 towards	 alcohol	 (Barkby,	 Dickson,	 Roper,	 &	 Field,	 2012;	 Field,	

Kiernan,	 Eastwood,	 &	 Child,	 2008;	 Field,	 Mogg,	 &	 Bradley,	 2005b;	

Schoenmakers,	Wiers,	&	 Field,	 2008;	 van	Hemel-Ruiter,	 de	 Jong,	&	Wiers,	
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2011),	cigarettes	(Bradley,	Field,	Mogg,	&	De	Houwer,	2004;	Field,	Mogg,	&	

Bradley,	 2005a;	Mogg,	 Bradley,	 Field,	&	De	Houwer,	 2003;	Mogg,	 Field,	&	

Bradley,	2005)	and	cannabis		(Cousijn	et	al.,	2012;	Field,	Eastwood,	Bradley,	

&	Mogg,	2006).	

	

4.1.2. The	joystick	task	

The	joystick	task	can	be	used	to	measure	differences	in	reaction	times	when	

the	 participant	 pushes	 a	 joystick	 away	 from	 his/her	 body	 in	 response	 to	

stimuli	 as	 opposed	 to	 pulling	 the	 joystick	 towards	 his/her	 body	 on	 a	

subsequent	block.	This	task	has	been	used	to	study	phobias	and	anxiety	(see	

Roefs	et	 al.,	 2011),	 lifestyle	 and	 fitness	 goals	 (Fishbach	&	Shah,	2006)	 and	

food	deprivation	manipulations	(Seibt,	Häfner,	&	Deutsch,	2007).	

	

Whilst	it	was	originally	suggested	that	approach	and	avoidance	movements	

are	represented	as	stored	motor	patterns,	triggered	by	automatic,	affective	

stimuli	evaluations,	 it	has	became	increasingly	clear	that	motor	actions	per	

se	 do	 not	 represent	 either	 approach	 or	 avoidance.	 The	 same	 motor	

response	 (such	 as	 arm	 flexion)	 may	 represent	 approach	 in	 one	 situation	

(moving	 something	 towards	 oneself)	 but	 avoidance	 in	 another	 situation	

(quickly	moving	hand	away	from	a	stimulus	to	be	avoided;	Chen	and	Bargh,	

1999).	 Indeed	 many	 studies	 have	 now	 shown	 that	 it	 is	 an	 individual’s	

interpretation	 of	 the	 result	 of	 the	 behavior	 that	 is	 important	 (i.e.	 is	 the	

stimulus	 moved	 closer	 or	 further	 away)	 and	 as	 such,	 neutral	 body	

movements	 can	 be	 interpreted	 as	 approach	 and	 avoidance	 actions	

depending	on	the	outcome	(Krieglmeyer	et	al.,	2010;	Lavender	&	Hommel,	

2007;	 Seibt,	 Neumann,	Nussinson,	&	 Strack,	 2008;	 van	Dantzig,	 Pecher,	&	

Zwaan,	 2008).	 The	 Zooming	 Joystick	 task	 (ZJT)	 is	 thus	 a	 disambiguated	

version	 of	 the	 joystick	 task,	 designed	 to	 avoid	 misinterpretation	 and	
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recategorization	 of	 pushing	 and	 pulling	movements.	 The	 introduction	 of	 a	

zooming	feature	ensures	that	participants	experience	the	illusion	of	stimuli	

moving	away	from	them	and	coming	towards	them	when	they	push	or	pull	

the	joystick	(this	is	achieved	by	reducing	or	enlarging	the	size	of	the	picture).	

This	 zooming	 feature	 reduces	 the	 possibility	 of	 participants	 interpreting	

pulling	 movements	 as	 avoid	 rather	 than	 approach.	 Using	 the	 zooming	

version	 of	 the	 task,	 (negative)	 approach	 tendencies	 to	 spiders	 have	 been	

assessed	in	spider	phobia	(Rinck	&	Becker,	2007).		

	

By	 asking	 participants	 to	 respond	 to	 an	 irrelevant	 task	 feature	 such	 as	

orientation	or	location	of	the	picture	on	screen	instead	of	the	content	of	the	

picture,	 the	task	may	be	rendered	more	 implicit	 (De	Houwer,	2003).	Using	

the	 ZJT	 with	 irrelevant	 feature	 instructions,	 approach	 bias	 has	 been	

examined	 in	 heavy	 drinkers	 (R.	 W.	 Wiers,	 Rinck,	 Dictus,	 &	 van	 den	

Wildenberg,	 2009;	 R.	 W.	 Wiers,	 Rinck,	 Kordts,	 Houben,	 &	 Strack,	 2010),	

alcoholic	patients	(R.	W.	Wiers,	Eberl,	Rinck,	Becker,	&	Lindenmeyer,	2011),	

at-risk	adolescents	(Peeters	et	al.,	2012)		and	heavy	cannabis	users	(Cousijn,	

Goudriaan,	&	Wiers,	2011).		

	

4.2. Reliability	and	validity	

Studies	correlating	approach	bias	measures	to	real-life	behavior,	as	opposed	

to	 self-report	 measurements,	 are	 limited	 in	 number	 (due	 in	 part	 to	 the	

complexity	 of	 such	 designs).	 Rinck	 and	 Becker	 (2007)	 found	 that	 an	

approach	 bias	 on	 the	 ZJT	 predicted	 actual	 approach	 behaviors	 to	 live	

spiders,	 over	 and	 above	 that	 which	 was	 predicted	 with	 spider-phobia	

questionnaires.	More	importantly	for	the	present	discussion,	approach	bias	

on	an	irrelevant	feature	version	of	the	ZJT	was	correlated	with	the	amount	
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of	 alcohol	 drunk	 in	 what	 was	 described	 to	 participants	 as	 an	 unrelated	

consumer	‘taste	test’	following	the	task	(R.W.	Wiers	et	al.,	2010).	

	

The	 split-half	 reliability	 of	 the	 manikin	 and	 joystick	 tasks	 is	 variable	 but	

generally	good	when	using	 task-relevant	 feature	 instructions	 (Field,	Caren,	

Fernie,	&	De	Houwer,	2011;	Krieglmeyer	&	Deutsch,	2010;	Rinck	&	Becker,	

2007).	The	advantage	of	instructing	participants	to	respond	on	the	basis	of	a	

task	 irrelevant	 feature	 is	 that	 it	makes	 the	 task	 less	 susceptible	 to	 explicit	

control	 on	 the	 part	 of	 the	 participant,	 the	 practical	 drawback	 is	 that	

compatibility	 effects	 tend	 to	 be	 smaller	 (Field	 et	 al.,	 2011;	 Krieglmeyer	 &	

Deutsch,	2010).	This	reduced	effect	may	be	due	to	the	fact	that	attention	is	

not	drawn	to	the	affective	properties	of	the	stimuli	in	the	irrelevant	feature	

version.	 Several	 studies	have,	nonetheless,	demonstrated	 robust	approach	

(or	 avoidance)	 biases	 using	 irrelevant	 feature	 instructions	 (Cousijn	 et	 al.,	

2011;	 De	 Houwer	 et	 al.,	 2001;	 Rinck	 &	 Becker,	 2007;	 Seibt	 et	 al.,	 2007;	

Veenstra	&	de	Jong,	2010;	R.	W.	Wiers	et	al.,	2009,	2010).	The	reliability	of	

the	irrelevant	feature	instruction	version	was	found	to	be	poor	in	one	study	

(Krieglmeyer	and	Deutsch,	2010)	whilst	 another	 reported	 reasonably	good	

reliability	(Cousijn	et	al.,	2011).		

	

There	 are,	 evidentially,	 pros	 and	 cons	 to	 the	 various	 approach/avoidance	

task	 versions.	 Two	 studies,	 conducted	 with	 both	 the	 manikin	 and	 the	

standard	 joystick	 tasks,	 unexpectedly	 failed	 to	 find	 evidence	 for	 a	

correlation	between	the	two	approach	bias	scores	(Krieglmeyer	&	Deutsch,	

2010;	 van	 Hemel-Ruiter	 et	 al.,	 2011).	 	 The	 reasons	 for	 this	 are	 not	

immediately	 clear	 although	 there	 are	 major	 differences	 in	 how	 approach	

and	 avoidance	 are	 conceptualized	 within	 the	 tasks.	 Both	 the	 standard	

joystick	 task	 (without	 the	 zooming	 feature)	 and	 the	 manikin	 task	 are	
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susceptible	 to	 recategorization	 –	 the	 manikin	 can	 be	 recategorized	 as	

someone	 other	 than	 the	 self	 and	 the	 approach/avoid	 movements	 in	 the	

standard	 joystick	 task	 are	 relatively	 ambiguous.	 Future	 studies	 should	

carefully	 select	 the	 task	 paradigm,	 depending	 on	 the	 research	 question,	 a	

point	 that	we	will	 return	 to	 in	 a	 later	 section	 “Outstanding	Questions	 and	

Future	Directions.”	

	

4.3. Approach	biases	in	addiction	

Using	 these	 aforementioned	 approach/avoidance	 paradigms,	 addiction	

researchers	have	provided	substantial	evidence	for	a	 relationship	between	

drug	 approach	 bias	 and	 drug	 use.	 That	 is,	 although	 the	 approach	 bias	 is	

measured	 experimentally	 in	 a	 lab,	 with	 superficial	 key	 press	 or	 lever	

movements,	 the	 behavioral	 tendency	 to	 be	 faster	 at	 approaching	 rather	

than	 avoiding	 drug	 stimuli,	 does	 seem	 to	 confer	 information	 about	 drug	

behavior	more	generally.	Approach	tendencies	have	been	demonstrated	in	

heavy	(non-clinical)	users	of	alcohol	(Schoenmakers	et	al.,	2008;	R.	W.	Wiers	

et	al.,	2009,	2010),	social	drinkers	(Field	et	al.,	2005b)	and	cigarette	smokers	

(Field	 et	 al.,	 2005a;	 Thewissen	 et	 al.,	 2007).	 Cigarette	 smokers	 have	 been	

seen	 to	 show	 a	 greater	 approach	 bias	 than	 non-smokers	 (Bradley	 et	 al.,	

2004;	Mogg	et	al.,	2003),	as	do	cannabis	users	versus	non-users	(Cousijn	et	

al.,	2011;	Field	et	al.,	2006).	Hazardous	(non-clinical)	drinkers	were	seen	to	

have	a	stronger	approach	bias	compared	to	light	drinkers	(Field	et	al.,	2008).	

These	 results	 suggest	 a	 reliable	 relationship	 between	 drug	 use	 and	 drug-

approach	 bias,	 particularly	 when	 examining	 healthy	 participants	 with	

moderate	levels	of	dependence.		

	

It	 should	 be	 noted	 that	 patterns	 of	 results	 can	 differ	 depending	 on	 the	

populations	studied.		Whilst	lighter	drinkers	showed	a	weaker	approach	bias	
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(Field	et	al.,	2008),	this	pattern	was	reversed	in	one	study	investigating	light	

versus	heavy	cigarette	smokers	(Mogg	et	al.,	2005).	In	addition,	in	contrast	

to	 the	 aforementioned	 alcohol	 studies	 (with	 students),	 three	 studies	

involving	patients	 receiving	 treatment	 for	 alcoholism	did	not	 find	 stronger	

approach	 tendencies	 for	 alcohol	 pictures	 compared	 to	 soft	 drink	 pictures	

(Barkby	 et	 al.,	 2012;	 Spruyt	 et	 al.,	 2012;	 R.	W.	Wiers	 et	 al.,	 2011).	 These	

studies	 are	 small	 in	 number,	 but	 differing	 patterns	 of	 results	 in	 different	

populations	 at	 different	 stages	 of	 addiction	 can	 likely	 tell	 us	 something	

about	 the	role	of	explicit	motivations	 in	approach	bias	measurements.	We	

will	discuss	this	in	further	detail,	in	the	later	section	“Outstanding	Questions	

and	Future	Directions.”	

	

5. Approach	tendencies	in	addiction	and	the	underlying	motivations	

The	question	 remains	 as	 to	which	 cognitive	 and	motivational	mechanisms	

outlined	 earlier	 in	 the	 “Theoretical	 Background”	 section	 contribute	 to	 the	

approach	 bias	 as	measured	 in	 the	 lab.	 Evidence	 for	 the	 contribution	 of	 a	

Pavlovian	component	to	experimental	measures	of	the	approach	bias	comes	

from	studies	that	have	shown	that	CS-reward	learning	quickly	engenders	an	

approach	 bias	 towards	 these	 novel	 CSs.	 Using	 different	 variations	 of	 AAT,	

approach	 bias	 has	 been	 conditioned	 towards	 novel	 Pavlovian	 stimuli	

predicting	 cigarette	 outcomes	 (Thewissen	 et	 al.,	 2007)	 and	 chocolate	

outcomes	 (van	 Gucht	 et	 al.,	 2008).	 A	 direct	 association	 between	 these	

stimuli	 and	 the	 approach	 response	 cannot	 mediate	 the	 approach	 bias	 to	

novel	CSs,	indicating	therefore	that	Pavlovian	mechanisms	do	play	a	role	in	

the	approach	bias.	

	

There	 is	 evidence,	 however,	 suggesting	 that	 the	 approach	 bias	 cannot	 be	

completely	 reduced	 to	 a	 purely	 Pavlovian	 conditioned	 response.	 As	
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discussed	 previously,	 Hershberger	 (1986)	 showed	 that	 under	 conditions	

where	 chicks	 needed	 to	make	 a	 withdrawal	 response	 in	 order	 to	make	 a	

food	bowl	move	 towards	 them,	 they	were	unable	 to	 suppress	 the	urge	 to	

approach	the	food	bowl.	This	behavioral	inflexibility	provides	evidence	that	

the	 approach	 behavior	 of	 the	 chicks	 was	 predominantly	 controlled	 by	 a	

Pavlovian	mechanism.	In	contrast	to	chicks,	however,	humans	are	perfectly	

well	able	 to	adapt	 their	approach	behavior.	To	our	knowledge,	 the	human	

equivalent	of	Hershberger’s	experiment	has	not	been	conducted	yet,	but	a	

recent	 study	 did	 employ	 a	 similar	 design.	 In	 a	 manikin	 task,	 participants	

were	required	to	make	an	initial	brief	avoid	movement	in	order	to	approach	

positive	 words	 and	 an	 initial	 brief	 approach	movement	 to	 avoid	 negative	

words.	Krieglmeyer,	De	Houwer	and	Deutsch	(2011)	showed	that	even	when	

the	 initial	movement	 is	 avoidance,	 participants	will	 still	 react	 faster	 if	 the	

final	 outcome	 is	 that	 the	manikin	 approaches	 positive	words.	 The	 reverse	

was	true	for	avoiding	negative	words	such	that	even	if	the	initial	movement	

was	 to	 approach	 a	 negative	 word,	 participants	 reacted	 faster	 if	 the	 final	

outcome	was	avoidance.	This	study	suggests	that	the	approach	bias	is	more	

complex	 than	 being	 a	 mere	 Pavlovian	 approach	 response,	 as	 the	 final	

outcome	(is	the	stimulus	further	away	or	closer)	and	not	the	initial	direction	

of	 movement	 (toward	 or	 away	 from	 the	 stimuli),	 seems	 to	 influence	

reaction	times.	

	

Retraining	 studies	 with	 the	 joystick	 task	 provide	 further	 evidence	 for	

instrumental	 control	 over	 approach	 behavior	 (Kawakami,	 Phills,	 Steele,	 &	

Dovidio,	2007;	Kawakami,	Steele,	Cifa,	Phills,	&	Dovidio,	2008;	R.	W.	Wiers	

et	al.,	2011,	2010).	For	example,	R.W.	Wiers	et	al.	(2010)	presented	the	vast	

majority	of	a	set	of	alcohol	pictures	in	the	push	rather	than	pull	format	and	

found	 that	 retraining	 reduced	 the	 approach	 bias	 towards	 these	 pictures.	
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The	 observation	 that	 participants	 can	 modify	 the	 bias	 following	 training	

(avoiding	 appetitive	 pictures)	 suggests	 that	 the	 bias	 is	 more	 than	 a	

conditioned	response	and	shows	a	degree	of	flexibility	that	is	in	line	with	an	

instrumental	account	of	the	approach	bias.	

	

The	 results	 discussed	 above	 suggest	 that	 the	 approach	 response	 is	 not	 a	

purely	 Pavlovian	 response,	 although	 it	 is	 challenging	 to	 disentangle	 the	

relative	 contributions	 of	 Pavlovian	 and	 instrumental	 mechanisms	 using	

these	 paradigms.	 The	 question	 remains,	 nonetheless,	 as	 to	 whether	 the	

approach	 bias	 is	 flexibly	 modulated	 by	 changes	 in	 incentive	 value	 of	 the	

outcome	or	whether	it	is	merely	triggered	by	the	drug	stimuli.	A	number	of	

studies	have	found	that	approach	bias	measurements	 increase	 in	 line	with	

self-report	 craving	 scores,	 a	 result	 that	 is	 generally	 interpreted	 to	 suggest	

that	 approach	 behavior	 is	 sensitive	 to	 the	 current	 incentive	 value	 of	 the	

outcome	 (Field	et	al.,	 2008,	2005b;	Van	Gucht	et	al.,	 2008).	However,	 this	

correlative	 finding	 should	 be	 interpreted	 with	 caution	 as	 it	 does	 not	

necessarily	 imply	 a	 causal	 relationship	 between	 craving	 and	 the	 approach	

bias.	 Furthermore,	 other	 studies	 failed	 to	 find	 evidence	 for	 a	 relationship	

between	 craving	 and	 the	 approach	 bias	 (Cousijn	 et	 al.,	 2011;	Mogg	 et	 al.,	

2003;	 Thewissen	et	 al.,	 2007;	R.	W.	Wiers	 et	 al.,	 2010).	However,	 none	of	

those	studies	really	address	whether	behavior	is	 immediately	sensitive	to	a	

change	 in	 the	 incentive	outcome	value.	So	 far,	 such	outcome-reevaluation	

designs	 have	 yielded	 mixed	 results.	 Two	 studies,	 using	 the	 manikin	 task,	

manipulated	 craving	 by	 giving	 participants	 a	 placebo	 drink	 in	 one	 session	

and	a	dose	of	alcohol	 in	another.	Approach	bias	scores	 to	alcohol	pictures	

(Schoenmakers	et	al.,	2008)	and	smoking	pictures	(Field	et	al.,	2005a)	were	

then	compared	between	the	two	sessions	(alcohol	or	placebo).	Both	studies	

found	that	self-reported	craving	was	higher	in	the	alcohol	session	but	there	
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was	no	difference	 in	the	approach	bias	scores	–	a	null	effect	that	although	

difficult	to	interpret,	is	more	in	line	with	the	habitual	account.	These	results	

are	in	contrast	to	a	study	using	the	standard	joystick	task,	that	examined	the	

effects	 of	 satiety	 on	 the	 approach	 bias	 (Seibt	 et	 al.,	 2007).	 Participant’s	

responses	 to	 images	 of	 food	 were	measured	 either	 before	 or	 after	 lunch	

and	 satiety	 did	 appear	 to	 reduce	 the	 bias	 in	 the	 non-deprived	 group,	

suggesting	 that	 approach	 behavior	 was	 driven	 by	 the	 current	 desire	 for	

food.	Unfortunately,	however,	this	study	failed	to	include	a	neutral	control	

picture	 condition,	 and	 we	 can	 therefore	 not	 ascertain	 whether	 hunger	

increased	 the	 approach	 movement	 towards	 food	 pictures	 specifically,	 or	

approach	 behavior	 generally.	 Still,	 these	 results	 suggest	 that	 this	 line	 of	

research	 should	 be	 extended	 	 further	 to	 critically	 assess	 motivational	

modulation	of	approach.	

	

As	 discussed	 previously,	 some	 dual-process	 theories	 suggest	 that	 the	

approach	 bias	 results	 from	 an	 interaction	 between	 associative	 learning	

processes	 and	 explicit	 cognitive	 control	 processes.	 Barkby	 et	 al.	 (2012)	

provided	correlational	evidence	for	the	importance	of	cognitive	control,	by	

testing	 patients	 receiving	 treatment	 for	 alcohol	 addiction	 on	 the	 manikin	

task.	Their	critical	finding	was	that	approach	bias	scores	on	the	manikin	task	

correlated	 with	 individual	 differences	 in	 explicit	 approach/avoidance	

intentions.	 Stronger	 evidence,	 that	 behavioral	 intentions	 can	 influence	

approach	 behavior,	 comes	 from	 a	 study	 using	 a	 variant	 of	 the	 ZJT	

(Sharbanee	 et	 al.,	 2013).	 Rather	 than	 calculating	 approach	 bias	 as	 a	

difference	score	between	the	push	and	pull	reaction	times,	this	study,	made	

a	distinction	between	“pull	alcohol	picture”	trials	and	“push	alcohol	picture”	

trials	 –	 the	 former	 trial	 type	 assumed	 to	 be	 congruent	with	 an	 appetitive	

tendency	 and	 the	 latter	 incongruent.	 Only	 incongruent	 trials,	 therefore,	
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should	 demand	 recruitment	 of	 executive	 control	 processes	 (to	 overcome	

the	 appetitive	 tendency	 and	push	 the	 alcohol	 picture	 away).	 As	 expected,	

results	 showed	 that	 working	memory	 scores	modulated	 reaction	 times	 in	

problem	 drinkers	 attempting	 (unsuccessfully)	 to	 control	 their	 alcohol	

consumption,	 but	 this	 effect	 was	 only	 observed	 on	 incongruent	 “push	

alcohol”	trials.	This	suggests	that	the	approach	bias	arises	due	to	a	complex	

interaction	between	the	strength	of	the	approach	tendency	and	the	ability	

to	inhibit	this	tendency	when	required.	

	

We	 should	 point	 out,	 however,	 that	 many	 other	 studies	 suggest	 that	

approach	 tendencies	 are	 not	 always	 under	 intentional	 control.	 These	

studies	 report	 seemingly	 ‘automatic’	 approach	 biases	 that	 are	 not	 in	 line	

with	 instrumental	 withdrawal	 intentions:	 participants	 scoring	 higher	 on	 a	

restrained	eating	scale	showed	a	greater	approach	bias	 towards	 food	cues	

(Veenstra	 &	 de	 Jong,	 2010),	 smokers	 showed	 an	 approach	 bias	 towards	

smoking	 cues	 that	 they	 reported	 as	 unpleasant	 (Bradley,	 Field,	 Healy,	 &	

Mogg,	 2008);	 and	 appetitive	 Pavlovian	 stimuli	 inhibited	 instrumental	

withdrawal	 in	 situations	where	 the	 instrumental	withdrawal	 behavior	was	

rewarded	with	money	(Huys	et	al,	2011).	It	appears,	therefore,	that	explicit	

intentions	 can	 sometimes	 influence	 approach,	 but	 a	 complete	 account	 of	

the	 approach	 bias	 will	 also	 have	 to	 encapsulate	 the	 role	 of	 associative	

learning	processes.	

	

To	 summarize,	 the	 evidence	 surveyed	 suggests	 that	 both	 Pavlovian	 and	

instrumental	mechanisms	play	a	role	in	facilitating	the	approach	bias,	but	it	

is	 not	 yet	 clear	 how	 these	 processes	 interact	 or	 sum	 to	 produce	 this	

behavioral	 tendency.	 Furthermore	 it	 remains	 to	 be	 seen	 whether	 the	

approach	 bias	 is	 flexibly	 modulated	 by	 outcome	 value	 or	 has	 the	
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characteristics	 of	 a	 habitual	 response	 to	 drug	 cues.	 Recent	 research	

examining	instrumental	responding	for	cigarette	outcomes	has	argued	that	

goal-directed	and	PIT	processes	operate	in	parallel,	summing	in	an	additive	

manner	(Hogarth,	2012;	Hogarth	&	Chase,	2011).	However,	the	role	of	PIT	in	

the	approach	bias	 remains	 to	be	empirically	addressed.	Furthermore,	next	

to	 associative	 mechanisms,	 behavioral	 intentions	 may	 also	 modulate	 the	

approach	bias,	with	one	study	suggesting	that	the	approach	bias	measures	

some	 combination	 of	 both	 appetitive	 and	 regulatory	 control	 processes	

(Sharbanee	et	al.,	2013).	

	

6. Outstanding	Questions	and	Future	Directions	

Approach	bias	tasks	offer	a	fast	and	simple	manner	of	measuring	approach	

tendencies	 to	 drug-related	 stimuli	 and	 appear	 to	 tell	 us	 something	 about	

drug	 use,	 given	 that	 a	 number	 of	 studies	 have	 correlated	 approach	 bias	

scores	with	 actual	 drug	 use	 (Cousijn	 et	 al.,	 2011;	 Field	 et	 al.,	 2008;	 R.	W.	

Wiers	 et	 al.,	 2010)	 and	 shown	 group	 differences	 between	 heavier	 versus	

lighter/non-users	(Bradley	et	al.,	2004;	Cousijn	et	al.,	2011;	Field	et	al.,	2006;	

Mogg	et	al.,	2003).	Whilst	understanding	the	mechanisms	that	underlie	the	

approach	bias	is	an	important	theoretical	question,	it	should	be	noted	that	

these	 tasks	 are	 not	 ideally	 suited	 to	 dissociating	 the	 various	 motivation	

mechanisms	introduced	in	the	earlier	“Theoretical	Background”	section.	To	

isolate	 goal-directed	 approach	 from	 Pavlovian	 approach	 for	 example,	

requires	 a	 task	 where	 the	 instrumental	 actions	 are	 bidirectional	 (i.e.,	 left	

and	 right).	 In	 such	 a	 task,	 the	 relationships	 between	 the	 stimulus	 and	 the	

outcomes	are	held	constant	whilst	 the	relationships	between	the	direction	

of	 action	 and	 the	 outcomes	 are	manipulated.	 The	 relative	 contribution	 of	

Pavlovian	 processes	 is	 equal	 to	 both	 actions,	 and	 hence	 controlled	 for	

(Dickinson,	 Campos,	 Varga,	 &	 Balleine,	 1996).	 In	 addition,	 it	 has	 been	
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observed	that	outcome	devaluation	modulates	both	conditioned	Pavlovian	

responses	 and	 goal-directed	 instrumental	 responses	 (Colwill	 &	 Rescorla,	

1988),	 and	 as	 such	 we	 cannot	 differentiate	 between	 these	 two	 in	 an	

outcome-reevaluation	study	if	the	approach	bias	is	the	dependent	measure.	

Nonetheless,	whether	 the	approach	bias	 is	 flexibly	modulated	by	outcome	

reevaluation	 or	 is	 directly	 triggered	 by	 the	 drug	 stimuli	 is	 an	 outstanding	

question.	The	studies	that	have	employed	outcome-reevaluation	paradigms	

have	yielded	mixed	 results	 (Field	et	al.,	2005a;	Schoenmakers	et	al.,	2008;	

Seibt	et	al.,	2007)	and	 this	 line	of	 research	within	 the	context	of	addictive	

substances,	should	be	continued.	

	

Specifically,	 outcome-reevaluation	 studies	 conducted	 with	 individuals	 at	

different	 levels	of	dependency,	could	address	 the	question	of	whether	 the	

approach	bias	becomes	more	habitual	over	 the	course	of	addiction.	Given	

the	observation	that	users	receiving	clinical	treatment	may	not	show	a	very	

strong	approach	bias	(Barkby	et	al.,	2012;	Spruyt	et	al.,	2012;	R.	W.	Wiers	et	

al.,	 2011),	 this	method	 could	 also	 be	used	 to	 assess	whether	 control	 over	

approach	 behavior	 is	 regained	 during	 (successful)	 treatment.	 The	work	 of	

Hogarth	and	colleagues	in	the	field	of	smoking	addiction	suggests	that	there	

are	 a	 number	 of	 ways	 to	 reevaluate	 addictive	 substances,	 namely	 health	

warnings,	temporary	satiety	through	consumption,	and	treatments	aimed	at	

alleviating	withdrawal	 symptoms	 (Hogarth,	 2012;	Hogarth	&	Chase,	2011).	

Another	 way	may	 be	 to	 pair	 the	 consumption	 of	 an	 appetitive	 substance	

with	 an	 aversive	 flavor	 (Howard,	 2001;	 Van	 Gucht,	 Baeyens,	

Vansteenwegen,	 Hermans,	 &	 Beckers,	 2010).	 In	 order	 to	 conduct	 an	

outcome-reevaluation	 test,	 an	 approach	 bias	measurement	would	 first	 be	

taken	with	 neutral	 and	 category	 of	 interest	 (e.g.,	 smoking)	 pictures.	 Then	

the	 smoking	 outcome	 would	 be	 devalued	 (e.g.,	 through	 satiety)	 and	 the	
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approach	 bias	 measurement	 would	 be	 repeated.	 If	 the	 approach	 bias	

measurement	 is	 not	 reduced	 following	 outcome	 devaluation,	 this	 would	

suggest	that	the	approach	bias	is	a	stimulus-bound	response	to	drug	stimuli.	

Different	 versions	 of	 the	 approach	bias	 tasks,	 as	 reviewed	earlier,	may	be	

better	suited	to	reevaluation	studies	given	that	ideally	a	repeated	measures	

design	 is	employed	and	 that	 the	 second	measurement,	 following	outcome	

devaluation,	should	be	conducted	in	extinction	(without	presentation	of	the	

outcome).	The	standard	joystick	or	manikin	tasks	therefore,	with	irrelevant	

feature	 version,	 would	 be	 preferable	 in	 such	 a	 paradigm	 –	 as	 participant	

awareness	of	the	study	aims	should	be	reduced	as	much	as	possible.	

	

Pavlovian-instrumental	interactions	are	thought	to	play	an	important	role	in	

addictive	 behavior	 (Hogarth	 and	 Chase,	 2011;	 Hogarth,	 2012).	 However,	

whether	PIT	processes	can	confer	a	specific	or	general	motivating	effect	on	

approach/avoidance	movements	on	these	tasks	has	not	been	assessed.	This	

could	 be	 investigated	 using,	 for	 instance,	 the	 manikin	 task.	 In	 an	 initial	

instrumental	 (O–R)	 learning	 phase,	 participants	 would	 make	 an	 approach	

movement	 to	 earn	 one	 specific	 outcome	 and	 avoidance	 to	 earn	 another	

(e.g.,	approach	is	rewarded	with	beer;	avoidance	rewarded	with	wine).	This	

would	 be	 followed	 by	 Pavlovian	 (S–O)	 training	 where	 participants	 would	

learn	 the	 predictive	 relationship	 between	 neutral	 stimuli	 and	 these	 same	

outcomes.	 During	 the	 subsequent	 transfer	 test,	 occasional	 stimulus	

presentations	 would	 be	 expected	 to	 facilitate/speed	 up	 the	 response	

associated	with	a	common	outcome.	For	example,	a	stimulus	for	beer	would	

be	 expected	 to	 facilitate	 approach,	 while	 a	 stimulus	 for	 wine	 should	

facilitate	avoidance.	General	PIT,	on	 the	other	hand,	 could	be	assessed	by	

comparing	the	influence	of	a	stimulus	associated	with	a	third	outcome	(e.g.,	

whiskey)	versus	one	associated	with	no	alcoholic	drink.	
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fMRI	 research	 of	 the	 approach	 bias	 is	 scarce,	 but	 given	 the	 wealth	 of	

knowledge	 that	 exists	 concerning	 the	 neural	 correlates	 of	 the	 various	

motivational	 mechanisms	 highlighted	 in	 this	 review	 (see	 Balleine	 &	

O’Doherty,	 2010	 for	 a	 detailed	 overview),	 this	 could	 be	 a	 very	 fruitful	

avenue	 for	 investigating	many	 of	 the	 questions	 raised	 thus	 far.	 Approach	

bias	 to	cannabis	using	a	manikin	 task	was	 recently	 investigated	 in	an	 fMRI	

study	 with	 heavy	 cannabis	 users	 (Cousijn	 et	 al.,	 2012).	 Results	 suggested	

that	 ventromedial	 prefrontal	 cortex	 (vmPFC)	 was	 recruited	 during	

congruent	 “approach	 cannabis”	 blocks	 as	 opposed	 to	 incongruent	 “avoid	

cannabis”	blocks.	The	vmPFC/orbitofrontal	 cortex,	along	with	 the	caudate,	

have	 been	 consistently	 implicated	 in	 goal-directed	 action	 (S.	 de	 Wit,	

Watson,	et	al.,	2012;	S.	de	Wit,	Corlett,	Aitken,	Dickinson,	&	Fletcher,	2009;	

Valentin,	 Dickinson,	 &	 O’Doherty,	 2007).	 Similar	 prefrontal	 regions	 are	

argued	to	encode	Pavlovian	outcome	values	(Gottfried,	O’Doherty,	&	Dolan,	

2002,	2003).	The	 results	of	Cousijn	and	colleagues	suggest,	 therefore,	 that	

the	approach	bias	 is	driven	by	mechanisms	flexibly	modulated	by	outcome	

value,	 as	 opposed	 to	 habits	 –	 the	 latter	 being	mediated	not	 by	 prefrontal	

regions,	 but	 instead	 networks	 involving	 the	 posterior	 putamen	 and	

premotor	cortex	(Ashby,	Turner,	&	Horvitz,	2010;	S.	de	Wit,	Watson,	et	al.,	

2012;	Tricomi	et	al.,	2009).	We	should	point	out	however	that	another	fMRI	

study	reported	contradictory	findings	–	namely	that	vmPFC	was	recruited	on	

incongruent	 and	 not	 congruent	 trials	 (Roelofs,	Minelli,	 Mars,	 van	 Peer,	 &	

Toni,	2009).	 Important	methodological	differences	could	account	 for	 these	

differential	 results	 –	 Roelofs	 and	 colleagues	 used	 a	 standard	 joystick	 task	

with	 affective,	 non-drug-related	 facial	 stimuli	 (happy/unhappy	 faces)	 and	

the	 effects	 disappeared	 when	 participants	 were	 instructed	 to	

approach/avoid	 on	 the	 basis	 of	 gender	 rather	 than	 facial	 expression	
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(irrelevant	 feature	 version).	 Future	 studies	 should	 hopefully	 be	 able	 to	

resolve	these	findings.	

	

Research	examining	the	neural	correlates	of	approach	tendencies	would	be	

best	suited	to	approach	bias	paradigms	with	high	 internal	reliability	–	such	

as	the	relevant	feature	version	of	the	manikin	task.	A	question	of	interest	is	

whether	 networks	 implicated	 in	 goal-directed	 control	 versus	 habitual	

control	are	recruited,	and	whether	this	is	different	between	groups	who	are	

at	 different	 stages	 of	 addiction.	 In	 humans,	 differential	 regions	 of	 the	

amygdala	 are	 thought	 to	 mediate	 general	 and	 outcome-specific	 PIT	

(Prévost,	 Liljeholm,	 Tyszka,	 &	 O’Doherty,	 2012)	 and	 their	 engagement	 in	

approach	bias	tasks	could	also	be	examined.	fMRI	can	also	be	used	to	assess	

the	 role	 of	 brain	 regions	 such	 as	 the	 anterior	 cingulate,	 known	 to	 be	

important	 in	 overcoming	 response	 conflict	 and	 cognitive	 control	 more	

generally	 (reviews:	 Botvinick,	 Cohen,	 &	 Carter,	 2004;	 Ridderinkhof,	

Ullsperger,	 Crone,	 &	 Nieuwenhuis,	 2004),	 during	 approach	 bias	 tasks.	

Although	 the	 fMRI	 studies	mentioned	earlier	 examined	 contrasts	of	 either	

congruent>incongruent	or	incongruent>congruent	–	reporting	the	results	of	

both	 contrasts	 would	 be	 beneficial	 to	 test	 hypotheses	 relating	 to	 the	

interaction	between	appetitive	responses	and	explicit	cognitive	control.	

	

Pharmacological	manipulations	 could	 also	 be	 employed	 to	 investigate	 the	

effect	 of	 neurotransmitter	 depletion	 on	 approach	 tendencies,	 with	

dopamine	 being	 an	 obvious	 candidate.	 Females	 submitted	 to	 dopamine	

precursor	depletion,	 for	example,	were	 seen	 to	 rely	more	on	habitual	 S–R	

knowledge	 at	 the	 expense	 of	 goal-directed	 O–R	 knowledge	 in	 a	 task	

designed	 to	 assess	 the	 relative	 balance	 of	 these	 two	 systems	 (S.	 de	Wit,	

Standing,	et	al.,	2012).	A	GABA	antagonist	(Baclofen),	also	thought	to	have	
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effects	 via	 mediation	 of	 dopaminergic	 systems,	 reduces	 craving	 and	

consumption	 in	 alcohol,	 and	 cigarette	 addiction	 (Franklin	 et	 al.,	 2009;	

Gorsane	 et	 al.,	 2012)	 yet	 the	 effect	 on	 the	 approach	 bias	 has	 not	 been	

studied.	Studies	of	this	type	would	help	with	attempts	to	understand	what,	

exactly,	the	approach	bias	represents	and	how	it	relates	to	other	measures	

such	as	craving.	

	

Finally,	the	extent	to	which	these	manipulations	selectively	affect	approach	

versus	avoidance	(rather	than	the	composite	approach	bias	score)	 is	worth	

investigation.	 Some	 studies	 have	 started	 to	 tease	 apart	 the	 relative	

contributions	 of	 “congruent”	 approach	 responses	 to	 appetitive	 stimuli	 as	

opposed	 to	 “incongruent”	 avoidance	 movements	 away	 from	 appetitive	

stimuli,	 with	 interesting	 insights	 (Barkby	 et	 al.,	 2012;	 Cousijn	 et	 al.,	 2012;	

Roelofs	et	al.,	2009;	Sharbanee	et	al.,	2013).	By	 looking	at	these	processes	

separately	we	 can	 gain	 a	 better	 understanding	 of	what	 the	 approach	 bias	

actually	 measures	 and	 what	 role	 various	 cognitive	 and	 motivational	

mechanisms	play	in	producing	this	effect.	

	

7. Conclusions	and	Future	Directions	

Human	 behavior	 can	 be	 paradoxical,	 in	 that	 actions	 are	 initiated	 that	 are	

seemingly	incongruent	with	an	individual’s	explicit	motivations.	This	is	most	

commonly	 observed	 in	 addiction,	 where	 maladaptive	 behavior	 (i.e.	 drug	

seeking)	 appears	 to	 be	 compulsive.	 Different	 theoretical	 approaches	

attempt	 to	 explain	 this	 behavior	 in	 different	 ways,	 with	 some	 suggesting	

that	positive	cognitive	expectancies	drive	such	behavior	and	others	arguing	

that	 environmental	 stimuli	 can	 trigger	 behaviors	 incongruent	with	 current	

goals	 and	 behavioral	 intentions.	 A	 number	 of	 studies	 have	 observed	

correlations	 between	 problematic	 drug	 use	 and	 approach	 bias	 scores	
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(Cousijn	 et	 al.,	 2011;	 Field	 et	 al.,	 2008)	 suggesting	 that	 approach	 bias	

measurements	 can	 index	everyday	behaviors.	Understanding	 the	 cognitive	

and	 motivational	 mechanisms	 that	 drive	 such	 an	 approach	 bias	 may	

therefore	provide	insight	into	both	adaptive	and	maladaptive	action	control.	

	

Determining	 the	 mechanisms	 underlying	 approach	 may	 have	 clinical	

implications.	Cognitive	therapy	may	be	useful	 if	expectancies	and	cognitive	

control	 are	 important	 determinants	 of	 approach.	 On	 the	 other	 hand,	

alternative	 approaches	 such	 as	 exposure	 response	 prevention	 therapy	 or	

counter-conditioning,	 that	 target	 the	 behavior	 directly,	 may	 be	 more	

appropriate	 if	 approach	 is	 stimulus-bound	 (e.g.	 Van	 Gucht	 et	 al.,	 2010).	

Retraining	the	approach	bias	using	the	ZJT	has	been	shown	to	be	effective	in	

reducing	approach	behavior	toward	alcohol	cues	(R.	W.	Wiers	et	al.,	2010),	

and	 in	a	clinical	population	such	retraining	of	 the	approach	bias	 leads	 to	a	

significantly	 smaller	 relapse	 rate	 at	 one-year	 follow-up	 compared	 to	

individuals	 receiving	 sham	 training	 (R.	 W.	 Wiers	 et	 al.,	 2011).	 A	 better	

understanding	of	 the	motivational	mechanisms	that	underlie	 the	approach	

bias,	 will	 also	 provide	 a	 better	 understanding	 of	 what	 exactly	 is	 being	

trained	in	this	novel	paradigm	and	how	it	can	be	better	improved	as	a	viable	

treatment.	

	

Integration	of	 the	 literature	on	 approach	bias,	motivation,	 and	 associative	

learning	provides	a	clear	framework	with	which	to	identify	and	disentangle	

the	relative	contributions	of	various	cognitive	and	motivational	mechanisms	

underlying	 such	 maladaptive	 behavior.	 Whilst	 the	 literature	 surveyed	

suggests	 that	 both	 Pavlovian	 and	 instrumental	 mechanisms	 contribute	 to	

the	approach	bias,	it	remains	to	be	elucidated	exactly	how	they	interact	and	

sum	 to	 produce	 approach	 behavior.	 Hopefully	 further	 research	 assessing	
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these	questions	will	 be	 forthcoming,	within	 the	 limits	 that	are	 inherent	 to	

such	 a	 task	 paradigm.	 Understanding	 the	 mechanisms	 that	 underlie	 an	

approach	bias	will	provide	a	better	understanding	of	the	complex	interplay	

of	 automatic	 processes,	 outcome	 expectancies,	 and	 behavioral	 intentions	

underlying	 human	 action	 control.	 This	 is	 not	 only	 theoretically	 important	

but	ultimately	has	implications	for	clinical	treatment.	
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Abstract	

Approach	Avoidance	tasks	measure	approach	bias,	a	behavioral	tendency	to	

be	faster	at	approaching	rather	than	avoiding	drug	cues.	Approach	bias	has	

been	measured	in	a	number	of	different	drug-using	populations	and	there	is	

evidence	 to	suggest	 that	approach	bias	measurements	correlate	with	drug	

use.	 Little	 is	 known,	 however,	 about	 the	 motivational	 mechanisms	

underlying	the	approach	bias.	In	the	current	study	we	assessed	whether	the	

approach	 bias	 to	 cigarettes	 was	 immediately	 sensitive	 to	 changes	 in	 the	

incentive	 value	 of	 smoking.	 We	 examined	 the	 change	 from	 baseline	 in	 a	

participant	 group,	 after	 half	 the	 group	 had	 been	 given	 the	 opportunity	 to	

smoke.	 Specifically,	 we	 examined	 whether	 the	 approach	 bias	 has	 the	

characteristics	of	a	cue-elicited	behavior	or	is	flexibly	modulated	by	current	

desire.	 Results	 showed	 that	 while	 the	 baseline	 approach-bias	 score	 in	

deprived	cigarette	smokers	correlated	with	craving,	smoking	a	cigarette	led	

to	 reduced	 craving	 but	 an	 increased	 approach	 bias	 score.	 We	 discuss	 a	

possible	 account	 of	 these	 findings	 in	 terms	 of	 an	 ideomotor	 outcome-

response	priming	mechanism.	
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1. Introduction	

One	of	the	paradoxical,	destructive	characteristics	of	addiction	is	continued	

drug	 use	 despite	 explicit	 motivations	 to	 the	 contrary.	 Whilst	 in	 the	 early	

stages	 of	 drug	 use,	 drug-seeking	 actions	 are	 arguably	 voluntary,	 in	 some	

individuals	 this	behavior	becomes	compulsive	and	problematic.	 Individuals	

who	seek	treatment	for	their	addiction	are	often	fully	aware	of	the	negative	

consequences	 and	 express	 a	 desire	 to	 abstain	 from	 drug	 use	 (Sjöberg	 &	

Olsson,	1981).	Nonetheless,	even	following	prolonged	abstinence	the	risk	of	

relapse	 remains	 high	 (Moos	 &	 Moos,	 2006).	 An	 important	 factor	

contributing	 to	 this	 risk	 may	 be	 an	 ongoing	 approach	 bias,	 that	 is,	 the	

tendency	 to	 approach	 rather	 than	 avoid	 drugs	 and	 drug-related	 stimuli	

(Stacy	&	Wiers,	2010).		

	

Approach	bias	can	be	measured	with	a	variety	of	computerized	tasks	(for	an	

overview	see	Watson,	de	Wit,	Hommel,	&	Wiers,	2012).	Reaction	times	are	

measured	 as	 participants	 make	 approach	 and	 avoidance	 movements	 in	

response	to	stimuli	on	a	computer	screen.	The	difference	 in	approach	and	

avoidance	 reaction	 times	 for	a	particular	picture	category	 (e.g.	 smoking	or	

neutral	pictures)	is	taken	as	the	bias	score	for	that	particular	category,	with	

positive	 difference	 scores	 indicating	 that	 the	 participant	 was	 faster	 to	

approach	 than	 avoid	 (hence,	 an	 approach	 bias).	 In	 the	 current	 study,	

smokers	were	asked	to	make	approach	and	avoid	movements	to	cigarette-

related	or	neutral	pictures	by	pulling	a	 joystick	towards	them	or	pushing	a	

joystick	away	 from	them,	 respectively.	Given	 that	pulling	and	pushing	arm	

movements	 are	 relatively	 ambiguous,	 a	 ‘zooming	 feature’	 ensured	 that	

participants	 experienced	 the	 illusion	 of	 approach	 or	 avoidance	 	 -	 the	

pictures	became	larger	when	participants	pulled	on	the	joystick	and	smaller	

when	 they	 pushed	 the	 joystick	 away	 from	 themselves	 (Rinck	 &	 Becker,	
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2007).	 Although	 a	 fairly	 abstract	 task,	 Rinck	 and	 Becker	 (2007)	 used	 the	

zooming	 joystick	 task	 to	 measure	 approach	 bias	 to	 spider	 pictures	 and	

showed	that	scores	predicted	approach	behavior	to	real	spiders	-	above	that	

which	was	predicted	with	spider-phobia	questionnaires.	Similarly,	using	this	

task	Wiers	and	colleagues	showed	that	the	amount	that	participants	drank	

during	 a	 ‘taste	 test’	 correlated	 with	 alcohol	 approach	 bias	 scores	 (R.	 W.	

Wiers	 et	 al.,	 2010).	 These	 results	 suggest	 that	 approach	bias	 as	measured	

with	 this	 task	 does	 confer	 relevant	 information	 about	 real-life	 behaviors.		

Using	 a	 variety	 of	 approach/avoidance	 paradigms,	 addiction	 researchers	

have	presented	evidence	for	a	relationship	between	drug	approach	bias	and	

drug	use,	demonstrating	approach	tendencies	in	users	of	cigarettes,	alcohol	

and	cannabis	-	often	relative	to	controls	(Bradley	et	al.,	2004;	Cousijn	et	al.,	

2011;	 Field	 et	 al.,	 2006,	 2008,	 2005a,	 2005b;	 Mogg	 et	 al.,	 2003;	

Schoenmakers	et	al.,	2008;	Thewissen	et	al.,	2007;	R.	W.	Wiers	et	al.,	2009,	

2010).		

	

The	 central	 aim	 of	 the	 present	 study	 was	 to	 assess	 to	 what	 degree	 the	

approach	 bias	 is	 flexibly	 modulated	 by	 current	 motivational	 states.	 A	

number	of	studies	have	reported	a	correlation	between	approach	bias	and	

self-reported	 craving	 (Field	 et	 al.,	 2008,	 2005b;	 Van	 Gucht	 et	 al.,	 2008).	

These	findings	have	generally	been	interpreted	as	support	for	the	incentive	

sensitization	 model	 of	 addiction,	 which	 proposes	 that	 sensitization	

processes	can	increase	craving	and	approach	behavior	elicited	by	drug	cues	

even	 if	 levels	of	 subjective	pleasure	decrease	over	 the	course	of	addiction	

(T.E.	Robinson	&	Berridge,	1993,	2000,	2001).		

	

An	alternative	hypothesis,	however,	is	that	appetitive	approach	behavior	is	

an	 example	 of	 inflexible,	 cue-elicited	 responding.	 Various	 models	 of	
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addiction	propose	that	cues	previously	associated	with	drug	outcomes	can	

trigger	 drug-seeking	 behavior	 –	 either	 through	 habitual	 stimulus-response	

associations	 (Everitt	 et	 al.,	 2001;	 Everitt	 &	 Robbins,	 2005;	 Tiffany,	 1990;	

Tiffany	&	Conklin,	2000)	or	through	Pavlovian-to-instrumental-transfer	(PIT)	

processes	(Hogarth,	2012;	Hogarth	&	Chase,	2011).	PIT	refers	to	the	process	

by	 which	 cue-elicited	 anticipation	 of	 an	 outcome	 primes	 the	 specific	

response	 that	 previously	 led	 to	 that	 outcome	 (outcome-specific	 PIT)	 or	

exerts	 a	 general	motivating	 effect	 on	 responding	 for	 any	 reward	 (general	

PIT;	Corbit	&	Balleine,	2005;	Estes,	1948;	Rescorla	&	Solomon,	1967).	There	

is	 some	evidence	 that	 the	general	PIT	effect	 is	abolished	 if	 the	outcome	 is	

no	longer	motivationally	relevant	(e.g.	if	an	animal	is	tested	sated,	Pavlovian	

cues	predicting	a	food	reward	will	not	increase	instrumental	response	rates	

for	other	food	rewards;	Corbit,	Janak,	&	Balleine,	2007;	but	see	also	Ostlund	

&	 Balleine,	 2008).	 In	 contrast,	 however,	 both	 S-R	 habits	 and	 outcome-

specific	 PIT	 are	 insensitive	 to	 changes	 in	 outcome	 value	 and	 not	 flexibly	

modulated	by	current	motivational	states	(Adams	&	Dickinson,	1981;	Corbit	

et	al.,	2007;	S.	de	Wit	&	Dickinson,	2009;	Hogarth,	2012;	Hogarth	&	Chase,	

2011;	Holland,	2004;	Rescorla,	1994;	but	see	Allman	et	al,	2010).	Approach	

bias,	therefore,	could	reflect	a	cue-elicited	response	that	 is	 insensitive	to	a	

reduction	 in	 incentive	 value	 of	 cigarettes.	 Indirect	 support	 of	 this	 view	

comes	from	a	number	of	studies	that	have	reported	dissociations	between	

craving	and	approach	bias	(Cousijn	et	al.,	2011;	Thewissen	et	al.,	2007;	R.	W.	

Wiers	et	al.,	2010).		

	

Assessing	the	relationship	between	craving	measures	and	the	approach	bias	

is	one	way	to	 investigate	the	role	of	motivation	 in	approach.	The	outcome	

reevaluation	procedure	we	used	 in	 the	current	study,	however,	provides	a	

more	direct	assessment	of	whether	the	approach	bias	to	smoking	pictures	is	
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driven	 by	 the	 current	 desire	 for	 cigarettes.	 This	 procedure	 has	 been	

developed	 in	 the	 field	 of	 associative	 learning	 and	 provides	 a	 simple	 yet	

unambiguous	means	of	assessing	the	flexibility	of	responding	for	rewards.	In	

this	paradigm,	behavior	is	assessed	both	before	and	after	certain	outcomes	

are	 devalued	 (e.g.	 through	 feeding	 on	 a	 particular	 food	 reward).	 Unlike	

behavior	 that	 is	 immediately	 sensitive	 to	 this	 reduced	 incentive	 value,	 the	

rate	 of	 habitual	 S-R	 or	 outcome-specific	 PIT	 responding	 should	 not	 be	

modified	 by	 this	 manipulation.	 So	 far,	 approach	 bias	 studies	 with	 such	

outcome-reevaluation	 designs	 have	 yielded	 mixed	 results.	 Two	 studies	

examined	the	effect	of	an	alcohol	dose	on	approach	bias	scores,	compared	

to	baseline	 scores	 taken	when	participants	 received	 a	placebo	drink.	 Both	

studies	 found	 that	 although	 self-reported	 craving	 had	 increased	 in	 the	

alcohol	 dose	 session,	 approach	 bias	 scores	 remained	 constant	 for	 alcohol	

pictures	 (Schoenmakers	 et	 al.,	 2008)	 and	 smoking	 pictures	 (Field	 et	 al.,	

2005a).	These	results	contrast	with	that	from	another	study	that	suggested	

that	 approach	 responses	 to	 food	 pictures	 were	 sensitive	 to	 the	 incentive	

value	of	the	outcome	(Seibt	et	al.,	2007).	In	the	latter	study,	measurements	

were	taken	either	before	or	after	lunch	and	the	deprived	group	did	show	a	

stronger	 approach	 bias	 towards	 food	 pictures.	 Different	 tasks	 and	 stimuli	

were	 used	 to	 measure	 approach	 bias	 in	 these	 studies,	 a	 fact	 that	 may	

explain	the	differing	pattern	of	results.	Interpretation	is	further	complicated	

because	 the	 study	 by	 Seibt	 et	 al.	 (2007)	 lacked	 a	 neutral	 control	 picture	

condition.	 Accordingly,	 it	 is	 not	 clear	 whether	 hunger	 motivated	 the	

approach	movement	towards	food	pictures	specifically,	or	if	hunger	merely	

increased	general	approach	tendencies.		

	

In	the	current	study	we	investigated	whether	the	approach	bias	to	cigarette	

stimuli	pictures	in	smokers	is	flexibly	modulated	by	current	desire	to	smoke.	
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To	 this	 end,	 the	 approach	 bias	 to	 smoking	 and	 neutral	 pictures	 was	

measured	 in	 a	 group	 of	 smokers	 abstaining	 from	 cigarettes	 (Session	 1).	

Following	this	first	AAT	measurement,	approximately	half	of	the	group	was	

offered	 the	 opportunity	 to	 smoke	 a	 cigarette	 and	 the	 bias	 measurement	

was	 subsequently	 repeated	 for	 all	 smokers	 (Session	 2).	 Self-report	 craving	

measures	and	a	picture-rating	task	were	employed	as	manipulation	checks.	

If	 the	 approach	 bias	 is	 sensitive	 to	 current	 cigarette	 craving,	 we	 should	

predict	that	both	craving	scores	and	the	approach	bias	to	smoking	pictures	

would	 be	 lower	 in	 the	 smoked-in-the-break	 group	 (compared	 to	 the	

deprived	group).	In	contrast,	 if	the	approach	bias	is	a	cue-elicited	response	

to	 drug-related	 stimuli,	 the	 approach	 bias	 at	 Session	 2	 should	 not	 differ	

between	the	two	groups.	As	nicotine	dependence	has	been	shown	to	be	an	

important	factor	 in	determining	approach	to	cigarettes	(Mogg	et	al.,	2005)	

we	 additionally	 compared	 heavy	 and	 light	 smokers.	 	 In	 addition	 we	

employed	 regression	 models	 at	 Session	 1	 to	 investigate	 the	 relationship	

between	craving,	dependence	and	the	approach	bias.			

	

2. Methods	

Participants.	Forty-nine	smokers	were	recruited	via	advertisements	around	

campus	or	on	 the	website	of	 the	University	of	Amsterdam.	This	 study	was	

approved	by	 the	Ethics	Committee	of	 the	University	of	Amsterdam	and	all	

participants	 signed	 informed	 consent	 before	 participation.	 Participants	

received	either	seven	Euros	or	participant	credits.	Participants	had	to	smoke	

at	 least	4	cigarettes	per	day,	be	aged	between	18-40	years	old	and	remain	

abstinent	 from	 smoking	 on	 the	 morning	 of	 the	 test.	 Compliance	 was	

measured	by	measuring	 carbon	monoxide	 (CO)	 levels	with	one	of	 two	CO	

meters	 (a	 Bedfont	 Micro	 +	 or	 a	 Greisinger	 GCO-100).	 Participants	 were	

assigned	randomly	to	either	the	control	group	(deprived	of	smoking	 in	the	
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break)	 or	 the	 experimental	 group	 (smoking	 in	 the	 break).	 Sample	

characteristics	can	be	seen	in	Table	1.	



 

 

Table	1:	Sample	characteristics.	

Group	 Males	

%	

Age	

(years)	

Hours	

since	

smoking	

Years	of	

smoking	

Cigarettes	

per	day	

FTND	Score	 Self	report	

Craving	

Session	1	

(%)	

Self	report	

Craving	

Session	2	

(%)	

Difference	

Score	Session	1	

in	ms	[smoking	

bias	minus	

neutral	bias]	

Difference	Score	

Session	2	in	ms		

[smoking	bias	

minus	neutral	

bias]	

Did	 not	 smoke	 in	

the	break	

Mean	 52%	 24.4	 13.5	 5.4	 10.6	 2.8	 60.4	 71.3	 -12		 -34		

N	 21	 21	 21	 21	 21	 21	 21	 21	 21	 21	

SD	 	 5.5	 5.7	 3.6	 5.6	 2.4	 25.2	 24.5	 92		 56		

Did	 smoke	 in	 the	

break	

Mean	 40%	 22.9	 13.3	 5.4	 11.0	 3.0	 65.7	 13.6	 18		 32		

N	 21	 28	 28	 28	 28	 28	 28	 28	 28	 28	

SD	 	 4.6	 3.8	 2.8	 3.9	 1.8	 24.6	 18.0	 93		 79		

Whole	

participant	group	

Mean	 45%	 23.5	 13.4	 5.4	 10.8	 2.9	 63.4	 38.3	 5		 4		

N	 49	 49	 49	 49	 49	 49	 49	 49	 49	 49	

SD	 	 5.02	 4.69	 3.1	 4.6	 2.1	 24.7	 35.6	 93		 77		



 

 

Stimuli	&	Materials:	Questionnaires.	Two	general	questionnaires	were	used	

to	collect	demographic	information	and	a	detailed	smoking	history	including	

questions	 on	 the	 number	 of	 cigarettes	 smoked	 per	 day,	 time	 since	 last	

cigarette,	smoking	years,	and	age	of	smoking	onset.		

	

Subjective	 craving	 was	 measured	 with	 a	 Likert	 scale	 (10cm	 long	 with	 no	

number	markings)	stating	“Please	indicate	below	how	much	you	would	like	

to	smoke	right	now”.		

	

The	Fagerström	Test	for	Nicotine	Dependence	(FTND)	was	used	to	measure	

tobacco	 use	 and	 dependence	 (Heatherton,	 Kozlowski,	 Frecker,	 &	

Fagerstrom,	1991).	The	FTND	questionnaire	includes	questions	probing	how	

soon	after	waking	up	people	smoke	their	 first	cigarette,	which	cigarette	of	

the	day	would	be	the	hardest	to	give	up,	and	whether	or	not	the	individual	

smokes	on	days	when	they	are	too	ill	to	leave	their	bed.	Scores	range	from	0	

to	10.	

	

Approach	 Avoidance	 Task	 (AAT).	 Approach	 bias	 to	 cigarette	 pictures	 was	

measured	with	an	irrelevant	feature	version	of	the	zooming	joystick	AAT,	in	

which	 participants	 make	 pushing	 or	 pulling	 movements	 on	 a	 joystick	 in	

response	 to	pictures	on	 screen.	 	A	 zooming	 feature	 (reducing	or	enlarging	

the	size	of	 the	picture	on	screen)	ensures	 that	participants	experience	 the	

illusion	 of	 stimuli	moving	 towards	 them	when	 pulling	 on	 the	 joystick	 and	

away	 from	 them	when	pushing	on	 the	 joystick	 (Rinck	&	Becker,	2007).	 	 In	

order	 to	 make	 the	 task	 less	 susceptible	 to	 explicit	 participant	 control,	

participants	were	asked	 to	 respond	 to	an	 irrelevant	 feature	 of	 the	 stimuli,	

namely	the	angle	in	which	pictures	were	presented,	rather	than	the	content	

of	the	picture	(Cousijn	et	al.,	2011;	Wiers	et	al.,	2010).	During	each	trial	of	
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the	AAT,	 a	picture	was	 shown	on	 the	 screen	 containing	a	 smoking-related	

scene	or	a	neutral	scene	matched	for	color	and	composition.	For	example,	a	

smoking-related	picture	 such	 as	 an	 image	of	 a	 cigarette	 and	 a	 lighter	was	

matched	with	an	image	of	a	pencil	and	a	pencil	sharpener.	Images	of	people	

smoking	 cigarettes	 were	 matched	 to	 neutral	 pictures	 of	 people	 applying	

lipstick	 or	 playing	 the	 flute.	 Each	 picture	was	 presented	 four	 times,	 twice	

tilted	3	degrees	 to	 the	 left	 and	 twice	 tilted	 to	 the	 right.	 Participants	were	

instructed	to	push	or	pull	on	a	joystick	as	quickly	as	possible,	depending	on	

whether	 the	 picture	 was	 titled	 to	 the	 left	 or	 the	 right.	 Error	 trials	 were	

repeated	and	reaction	times	to	push	or	pull	on	the	joystick	were	measured.		

	

Participants	completed	the	AAT	twice,	with	different	picture	sets	each	time	

containing	20	neutral	and	20	smoking	related	pictures	(80	unique	pictures	in	

total).	 Participants	 were	 randomly	 assigned	 to	 one	 of	 four	 (partially	

overlapping)	 picture	 sets	 for	 Session	 1	 and	 saw	 the	 remainder	 pictures	 at	

Session	 2.	 Pictures	 were	 presented	 in	 a	 semi-random	 order	 (with	 a	

maximum	of	three	similar	rotations	and	image	categories	in	a	row).	Half	of	

the	participants	were	told	to	push	the	joystick	for	pictures	tilted	to	the	left	

and	 pull	 for	 pictures	 tilted	 to	 the	 right	whilst	 the	 other	 half	 of	 the	 group	

received	the	opposite	 instructions.	The	 task	started	with	15	practice	 trials,	

consisting	of	a	grey	box	in	the	center	of	the	screen	that	was	titled	either	to	

the	left	or	the	right.	

	

Picture-Rating	 Task.	 Participants	were	 asked	 to	 rate	 the	 appetitiveness	 of	

all	the	pictures	that	they	had	seen	during	the	two	versions	of	the	AAT.	The	

40	 neutral-	 and	 40	 smoking-related	 pictures	 were	 presented	 in	 random	

order.	Each	picture	was	presented	in	the	center	of	the	screen	below	the	text	

‘When	you	see	this	picture	how	much	do	you	want	to	smoke”	and	a	Likert	
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scale	 ranging	 from	 “not	 at	 all”	 to	 “very	 much”.	 The	 participant	 used	 the	

mouse	to	indicate	the	appetitiveness	of	that	picture	on	the	Likert	scale	and	

then	 clicked	 another	 button	 to	move	 through	 to	 the	 next	 picture	 at	 their	

own	 pace.		

	

Procedure.	Testing	took	place	between	12.00	and	17.00.	Each	Session	took	

approximately	50	minutes	to	complete.	A	laptop	and	joystick	were	used	for	

the	 approach	 bias	 measurement.	 Following	 informed	 consent,	 the	

participant	 was	 asked	 to	 fill	 out	 demographic	 information	 and	 the	 CO	

reading	was	taken.	The	participant	was	then	asked	to	complete	the	Session	

1	craving	measure,	after	which	the	AAT	was	carried	out.	After	the	AAT,	the	

participant	was	 instructed	 that	 there	would	 be	 a	 short	 break.	 Participants	

who	had	been	assigned	to	the	 ‘smoking-in-the-break’	group	were	asked	to	

choose	between	a	Marlboro,	Camel	Light	or	Lucky	Strike	cigarette	and	were	

taken	outside	 to	 smoke	 it.	Participants	 in	 the	 ‘deprived’	group	were	 taken	

outside	 to	 the	 smoking	 area	 for	 two	 minutes,	 but	 were	 not	 offered	 the	

opportunity	to	smoke.	After	returning	to	the	testing	room	the	participant’s	

craving	 was	 once	 again	 assessed	 (Session	 2)	 after	 which	 the	 AAT	 was	

performed	once	more.	After	the	second	AAT,	the	participant	continued	with	

the	 Picture-Rating	 Task.	 Finally,	 the	 smoking	 history	 and	 FTND	

questionnaires	were	administered.	

	

Statistical	 Analyses.	 Error	 trials	 were	 discarded,	 as	 were	 reaction	 times	

(RTs)	less	than	200	ms	or	greater	than	2000ms,	and	more	than	3SDs	above	

or	 below	 the	 individuals	mean	 (in	 total,	 8.1%	of	 all	 trials	were	discarded).	

The	median	 RT	 for	 the	 ‘push	 smoking’,	 ‘pull	 smoking’,	 ‘push	 neutral’	 and	

‘pull	 neutral’	 scores	was	 then	 calculated	 for	 each	 participant	 and	 Session.	

Finally,	 for	 each	 picture	 category	 (smoking	 or	 neutral)	 an	 approach	 bias	
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score	 was	 calculated	 by	 subtracting	 the	median	 pull	 RT	 from	 the	median	

push	RT.	A	positive	number	indicated	that	the	participant	was	faster	to	pull	

than	 push	 the	 joystick,	 indicating	 a	 positive	 approach	 bias	 towards	 that	

picture	category.	 Internal	reliability	of	the	task	was	assessed	by	calculating	

the	 bias	 score	 for	 each	 image	 in	 the	 task	 and	 then	 calculating	 Cronbach’s	

alpha	for	the	smoking	and	neutral	pictures	separately.	The	mean	Cronbach’s	

alpha	(across	the	4	different	picture	sets)	was	0.41	for	the	bias	to	smoking	

pictures	and	0.46	for	neutral	pictures.		

	

3. Results	

Relationship	between	nicotine	dependence,	craving	and	approach	bias	-	at	

Session	 1.	 Multiple	 regression	 was	 used	 to	 assess	 whether	 smoking	

dependence	 (as	 indexed	 by	 the	 FTND	 score)	 and	 Session	 1	 craving	 were	

predictive	of	smoking	bias	scores,	after	controlling	for	neutral	bias	scores,	at	

Session	 1.	 Preliminary	 analyses	 were	 conducted	 to	 ensure	 no	 violation	 of	

the	 assumptions	 of	 normality,	 linearity,	 multicollinearity	 and	

homoscedasticity	 (max	 Cook’s	 distance	 =	 0.48,	 max	 standard	 residual	 =	

2.07).	The	neutral	bias	score	was	entered	at	Step	1,	explaining	17%	of	 the	

variance	 in	 the	 smoking	 bias	 at	 Session	 1.	 After	 entry	 of	 the	 Session	 1	

craving	 and	 FTND	 scores	 at	 Step	 2,	 the	 total	 variance	 explained	 by	 the	

model	 was	 31%,	 F	 (3,	 45)	 =	 6.7,	 p	 =	 0.001.	 The	 FTND	 score	 and	 craving	

explained	 an	 additional	 14%	 of	 the	 variance	 in	 smoking	 bias;	 R	 squared	

change	=	 .14,	F	 change	 (2,45)	 =	4.5,	p	=	0.02.	 In	 the	 final	model,	 all	 three	

variables	 significantly	 explained	 unique	 variance	 in	 smoking	 bias.	 The	

neutral	bias	score	recorded	the	highest	beta	value	(beta	=	.493,	p	<	0.001).	

After	 controlling	 for	other	 factors	a	higher	FTND	score	was	predictive	of	a	

weaker	bias	(FTND	score	beta	=	-.387,	p	=	0.009)	whilst	the	relationship	with	

self-reported	craving	was	positive	(craving	score	beta	=	.349,	p	=	0.03).		
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Effect	 of	 the	 smoking	 break	 on	 cigarette	 craving.	 In	 order	 to	 maximize	

statistical	 power	 we	 used	 ANCOVA	 to	 assess	 whether	 the	 satiation	

manipulation	 worked	 as	 predicted	 (for	 a	 discussion	 of	 the	 statistical	

advantages	 of	 this	 approach	 in	 experimental	 studies,	 see	 Van	 Breukelen,	

2006).	 We	 entered	 the	 Session	 2	 Likert	 craving	 score	 as	 the	 dependent	

variable,	with	 smoked-in-the-break	 (yes/no)	 and	 FTND	 score	 (high/low)	 as	

between-group	factors	and	the	Session	1	craving	score	as	a	covariate.	This	

analysis	revealed	a	main	effect	of	smoking	group	assignment	F(1,	44)	=	153,	

p	 <	 0.00001.	 As	 expected,	 the	 smoking-in-the-break	 group	 reported	

significantly	 less	 craving	 at	 Session	 2	 compared	 to	 the	 deprived	 group	

(effect	estimate	=	-60,	SE=4.8,	p	<	0.00001).	There	was	also	a	main	effect	of	

Session	1	craving	F(1,44)	=	17.9,	p	<	0.00001,	with	a	moderate	relationship	

between	the	craving	scores	at	the	two	Sessions,	as	indicated	by	a	partial	eta	

squared	value	of		.29.	There	was	also	an	interaction	between	smoking	group	

assignment	and	FTND	high/low	group	F	(1,44)	=	4.83,	p	=0.033,	as	visualized	

in	Figure	1.	1	

	

                                                                    
1 Similar results were also obtained by entering the Session 1 and 2 craving scores into a 
mixed-design ANOVA with between-group factors of smoking group assignment (2 
levels) and FTND dependence score [2 levels: high/low].  There was a significant 
interaction between Session and smoking group assignment F(1,45) = 106, p<0.00001. 
Independent t-tests revealed that while there were no group differences at Session 1, 
t(47) = <1, p=0.46, at Session 2 craving was significantly less in the group who had just 
smoked a cigarette compared to the deprived group, t(47) = 9.5, p<0.000001 (table 1 
contains descriptive statistics of craving scores at both sessions for both smoking-
assignment groups). 
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Figure	1:	Rating	Scores:	The	 left	panel	shows	the	mean	craving	scores	at	Session	2	
(after	controlling	for	craving	at	Session	1).		The	right	panel	shows	the	appetitiveness	
picture	rating	scores	(at	Session	2).	

	

Effect	of	smoking	group	assignment	on	picture	rating:	Due	to	experimenter	

error,	picture-rating	data	from	two	participants	in	the	smoked-in-the-break	

group	were	missing	from	the	analysis.	For	the	remaining	47	participants	we	

used	 repeated	measures	ANOVA	on	 the	 picture	 rating	 scores	with	 picture	

type	 (smoking/neutral)	 as	 within-subject	 factor	 and	 smoked-in-the-break	

(yes/no)	and	FTND	score	(high/low)	as	between-group	factors.	This	analysis	

revealed	 a	 main	 effect	 of	 picture	 type	 F(1,43)	 =	 128,	 p	 <	 0.0001,	 a	 main	

effect	 of	 smoking	 group	 assignment	 F(1,43)	 =	 4.7,	 p	 =0.036	 and	 an	

interaction	between	these	two	factors	F(1,	43)	=	7.03,	p	=0.011.	As	can	be	

seen	 from	Figure	1,	 the	mean	appetitiveness	 rating	of	 the	neutral	pictures	

for	 both	 smoking	 assignment	 groups	 was	 19%,	 but	 the	 smoking	 pictures	

were	 rated	 significantly	 more	 positively	 by	 the	 deprived	 group	 (71%)	

compared	to	the	smoking-in-the-break	group	(51%;	independent	t-test	t(45)	
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=	3.1,	p	=	0.004).	The	appetitiveness	rating	of	the	smoking	pictures	was	thus	

in	 line	 with	 self-reported	 craving.	 Within	 each	 of	 the	 two	 smoking	

assignment	 groups,	 these	 two	 measures	 were	 marginally	 correlated	

(deprived	group	r	=	.42,	p	=	0.060;	smoking-in-the-break	group	r	=	.38,	p	=	

0.055).	

	

The	effect	of	smoking	satiety	(or	‘cigarette	reevaluation’)	on	the	approach	

bias:	We	used	ANCOVA	to	assess	whether	smoking	a	cigarette	reduced	the	

approach	 bias	 towards	 cigarette	 pictures.	 First	 we	 calculated	 a	 difference	

score	 for	both	Sessions	1	and	2	by	subtracting	 the	neutral	bias	score	 from	

the	smoking	bias	score,	such	that	positive	scores	 indicate	 that	participants	

showed	an	approach	bias	to	smoking	relative	to	neutral	pictures	(see	table	1	

for	approach	bias	difference	 scores).	We	also	 calculated	a	median	 split	on	

the	 FTND	 scores	 (median	 =3)	 to	 create	 high/low	 smoking	 dependence	

groups	 (same	 median	 as	 in	 Mogg	 et	 al.,	 2005).	 These	 two	 groups	 were	

evenly	 split	 across	 the	 smoking	 group	 assignments	 (smoked	 in	 the	 break	

group:	 46%	 light	 smokers;	 no	 smoking	 in	 the	 break	 group:	 52%	 light	

smokers).	The	two	groups	did	not	differ	 in	age,	years	of	smoking,	or	hours	

since	 smoking,	 but	 the	 group	 with	 the	 higher	 FTND	 scores	 smoked	

significantly	more	 cigarettes	 per	 day	 (13.5)	 than	 the	 low	 FTND	 group	 (8.0	

per	day);	t(47)	=	4.7,	p	<	0.001.		

	

We	 entered	 the	 approach	 bias	 difference	 score	 at	 Session	 2	 as	 the	

dependent	 variable,	 with	 smoked-in-the-break	 (yes/no)	 and	 FTND	 score	

(high/low)	as	between-group	 factors	and	 the	difference	 score	at	Session	1	

as	 a	 covariate.	 This	 analysis	 revealed	 a	 significant	main	 effect	 of	 smoking	

group	F	 (1,44)	=	8.904,	p	=	0.005,	but	no	effects	of	FTND	group,	Session	1	

difference	score	nor	any	significant	 interactions	 (all	ps	>	0.14).	Contrary	to	
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expectations,	 at	 Session	 2	 the	 smoked-in-the-break	 group	 showed	 a	

stronger	approach	bias	to	smoking	pictures	than	the	deprived	group	(effect	

estimate	62	ms,	SE	=	20ms,	p	=	0.005;	see	Figure	2).2			

	

	
Figure	2:	Approach	bias	difference	scores:	Session	2	(after	controlling	for	approach	
bias	scores	at	Session	1).	A	positive	score	 indicates	that	participants	were	faster	to	
approach	smoking	compared	to	neutral	pictures.	

	

Effect	of	smoking	group	assignment	on	general	reaction	times:	To	ensure	

that	nicotine	did	not	have	an	effect	on	general	RT,	we	examined	the	median	

‘push’	 and	 ‘pull’	 RT	 for	 each	 participant	 and	 Session.	 Repeated	measures	
                                                                    

2 Similar results were also obtained by entering the approach bias difference scores at 
Sessons 1 and 2 into a mixed-design ANOVA with between-group factors of smoking 
group assignment (2 levels) and FTND dependence score [2 levels: high/low]. This 
analysis revealed a main effect of smoking group assignment, F(1, 45) = 6.63, p=0.013, 
but no interaction with Session (p=0.23). Nonetheless planned comparisons 
(independent T-tests) revealed that this main effect was driven by the group difference at 
Session 2 where the smoked-in-the-break-group showed a significantly stronger 
approach bias to smoking-related stimuli compared to the deprived group, t (47) = 3.25, 
p=0.002. There was no difference between the two groups at Session 1, t (47) = 1.14, 
p=0.26 (table 1 shows descriptive statistics of approach bias scores at both sessions, for 
both smoking-assignment groups). 
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ANOVA	 with	 independent	 variables	 of	 Session	 (2	 levels)	 and	 direction	 of	

movement	(2	levels:	push/pull)	and	between-group	factor	of	smoked	in	the	

break	yes/no	revealed	a	significant	main	effect	of	Session	only,	F(1,47)	=	58,	

p<	 0.00001-	 crucially	 no	 main	 effect	 of,	 nor	 significant	 interactions	 with,	

smoking	group	assignment;	all	ps	>	0.23.	

	

4. Discussion	

The	 aim	 of	 this	 study	 was	 to	 assess	 whether	 approach	 behavior	 towards	

cigarettes	in	smokers	is	flexibly	modulated	by	the	current	incentive	value	of	

cigarettes	 or	 is	 an	 inflexible,	 cue-elicited	 response.	 At	 the	 baseline	

measurement	 we	 replicated	 earlier	 demonstrations	 that	 self-reported	

craving	 is	a	positive	predictor	of	 the	approach	bias,	while	 level	of	nicotine	

dependence	 is	 a	 negative	 predictor	 (Mogg	 et	 al.,	 2005).	 	 Following	 the	

outcome-reevaluation	 procedure	 however,	 the	 approach	 bias	 was	

unexpectedly	 stronger	 in	 the	 group	 who	 had	 just	 smoked	 a	 cigarette,	

compared	 to	 the	 control	 group.	 The	 implications	 of	 these	 results	 will	 be	

discussed	in	the	remainder	of	the	discussion.		

	

If	the	approach	bias	would	be	consistently	elicited	by	drug-related	cues	that	

have	 gradually	 become	 associated	with	 drug	 reward	 in	 real	 life,	we	 could	

expect	 it	 to	be	 stronger	 in	heavier	users.	However,	 at	 Session	1	we	 found	

that	 nicotine	 dependence	 scores	 (FTND;	 Heatherton	 et	 al.,	 1991)	 were	 a	

negative	 predictor	 of	 the	 strength	 of	 the	 approach	 bias	 to	 cigarettes	 in	

deprived	 smokers.	 Using	 an	 irrelevant-feature	 version	 of	 the	 AAT,	 we	

therefore	 replicated	 prior	 research	 with	 a	 feature-relevant	 manikin	 task	

suggesting	 that	 lighter	smokers	show	a	stronger	approach	bias	 than	heavy	

smokers	 (Mogg	 et	 al.,	 2005).	 This	 suggests	 that	 the	 approach	 bias	 is	

capturing	the	incentive	salience	of	drug	cues,	which	may	be	stronger	in	the	
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early	phases	of	addiction	(Everitt	&	Robbins,	2005;	Hogarth,	Mogg,	Bradley,	

Duka,	&	Dickinson,	 2003;	Mogg	 et	 al.,	 2005).	 Furthermore,	we	 found	 that	

after	controlling	for	nicotine	dependence	scores,	self-reported	craving	was	a	

positive	predictor	(Bradley	et	al.,	2004;	Field	et	al.,	2005a;	Van	Gucht	et	al.,	

2008).	These	results	suggest,	therefore,	that	the	approach	bias	is	not	merely	

a	cue-elicited	response	but	is	sensitive	to	the	current	value	of	the	cigarettes	

–	in	line	with	incentive	sensitization	theories	of	addiction	(Berridge,	2007).	

	

This	 study	 used	 an	 outcome-reevaluation	 procedure	 (namely,	 a	 cigarette	

break	 between	 Session	 1	 and	 2)	 to	 assess	 whether	 the	 approach	 bias	 is	

flexibly	modulated	 by	motivation.	 As	 highlighted	 previously,	 three	 studies	

that	 have	 previously	 used	 an	 outcome	 reevaluation	 paradigm	 to	 assess	

changes	 in	 approach	 bias	 scores,	 have	 yielded	 mixed	 results	 (Field	 et	 al.,	

2005a;	Schoenmakers	et	al.,	2008;	Seibt	et	al.,	2007).	We	found	at	Session	2	

that	 the	 approach	 bias	 was	 stronger	 in	 the	 group	 who	 had	 just	 smoked	

cigarettes,	suggesting	a	degree	of	flexibility	to	the	approach	bias	that	is	not	

in	 line	with	a	habitual	S-R	account	of	 the	approach	bias.	This	 finding	of	an	

increase	 was	 surprising,	 especially	 in	 light	 of	 the	 negative	 effect	 of	 the	

reevaluation	 procedure	 on	 self-reported	 craving	 and	 cigarette	 picture	

ratings.	 We	 discuss,	 below,	 the	 possibility	 that	 the	 increased	 bias	 is	 the	

result	of	an	ideomotor	‘priming	effect’	related	to	the	recent	exposure	to	the	

smoking	outcome.	We	also	outline	 considerations	 for	 future	 research	 into	

the	effects	of	satiety	on	approach	bias	measurements.		

	

The	Session	2	AAT	measurement	was	taken	minutes	after	participants	in	the	

smoking	 group	 had	 experienced	 the	 (presumably	 pleasant)	 smoking	

outcome.	Many	 animal	 studies	 have	 demonstrated	 that	 consumption	 of	 a	

reward	 can	act	 to	prime	 the	 response	 that	previously	 yielded	 that	 reward	



Chapter	3	

72	

(as	reviewed	by	Stewart	&	de	Wit,	1987).	This	 is	usually	within	the	context	

of	 reinstatement	 paradigms,	 in	 which	 small	 amounts	 of	 reward	 are	

administered	 to	 examine	 reacquisition	 of	 a	 previously	 extinguished	

response	 (e.g.	 Ostlund	 &	 Balleine,	 2007).	 This	 effect	 is	 thought	 to	 be	

mediated	by	 a	 primed	outcome-response	 association	 and	 it	 is	 noteworthy	

that	 this	effect	has	been	observed	even	 in	satiated	animals	 (Eiserer,	1978;	

Ostlund	&	 Balleine,	 2007).	 Konorski	 (1967)	 famously	 described	 this	 as	 the	

“salted	 peanut”	 phenomenon,	 based	 on	 the	 observation	 that	 even	 in	 the	

absence	 of	 desire,	 after	 eating	 one	 peanut	 an	 individual	 is	 compelled	 to	

keep	 eating	 them.	 	 A	 number	 of	 studies	 have	 also	 investigated	 the	

ideomotor	priming	effect	in	humans	and	shown	that	outcomes	that	have	no	

motivational	 significance,	 can	 prime	 the	 responses	 that	 previously	 led	 to	

them	 (Elsner	&	Hommel,	 2001;	Hommel,	Alonso,	&	 Fuentes,	 2003).	 In	 the	

current	 study,	 the	 satiety	 induced	by	 smoking	one	cigarette	may	not	have	

been	sufficient	to	counteract	this	outcome-response	priming	effect	through	

exposure	 to	 cigarettes,	 leading	 to	 a	 relatively	 strong	 approach	 bias	 in	 the	

smoked-in-the-break	group.		

	

It	should	be	noted	that	this	priming	effect	was	only	observed	in	the	current	

study	using	ANCOVA	-	the	mixed-design	ANOVA	did	not	reveal	a	significant	

interaction	 between	 Session	 and	 smoking-group	 assignment	 (though	

planned	 comparisons	 did	 reveal	 that	 the	 main	 effect	 of	 smoking-group	

assignment	 was	 driven	 by	 the	 group	 difference	 at	 Session	 2).	 Given	 that	

participants	were	assigned	 randomly	 to	either	 the	experimental	or	 control	

group,	 ANCOVA	 offers	 more	 statistical	 power	 when	 assessing	 group	

differences	 at	 Session	 2.	 Unlike	 ANOVA,	 the	 ANCOVA	 does	 not	 contain	 a	

redundant	 parameter	 in	 the	 model	 –	 the	 pretest	 variability	 between	 the	

groups	 	 -	 and	 is	 thus	 a	 more	 efficient	 approach	 (Van	 Breukelen,	 2006).		
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Nonetheless,	 replication	 studies	 may	 benefit	 from	 including	 larger	

participant	groups	when	investigating	this	priming	effect.	

	

Future	 research	 should	 determine	 whether	 smoking	 multiple	 cigarettes	

does	lead	to	a	reduction	of	the	approach	bias,	or	perhaps	whether	a	certain	

amount	of	 time	 is	 required	 to	elapse	after	 smoking	a	cigarette	 in	order	 to	

observe	 complete	 satiation.	 Although	 participants	 in	 the	 smoked-in-the-

break	group	reported	reduced	desire	for	cigarettes	after	smoking,	there	was	

considerable	variation	within	the	group.	A	less	explicit	measure	of	satiation	

could	also	be	used	(e.g.	giving	participants	the	opportunity	to	freely	respond	

to	 gain	 cigarette	 rewards	 until	 they	 no	 longer	 do	 so)	 in	 order	 to	 better	

assess	how	 individual	differences	 in	satiation	may	affect	 the	measurement	

of	approach	bias	after	smoking.		In	addition,	the	control	group	in	the	current	

study	was	exposed	to	smoking	cues	during	the	break	but	were	not	offered	

the	opportunity	to	smoke,	which	may	have	further	increased	their	cigarette	

craving	–	this	group	could	be	compared	in	the	future	to	a	control	group	who	

are	not	exposed	to	any	smoking	cues	during	the	break.		

	

Outcome	 reevaluation	paradigms	 require	 that	 the	 crucial	 choice	 test	 after	

reevaluation	be	 carried	out	 in	 extinction	 (no	presentation	of	 the	outcome	

contingent	on	responding).	The	rationale	for	this	procedure	is	to	ensure	that	

responding	 reflects	 the	 associations	 established	 during	 training	 (and	 that	

any	reduction	in	responding	is	not	due	to	experience	with	the	now	devalued	

outcome).	 In	 fact,	 habitual	 responses	have	been	 shown	 to	 be	 sensitive	 to	

outcome	 reevaluation	 if	 participants	 experience	 the	 (now	 devalued)	

outcomes	on	each	trial	(Klossek,	Russell,	&	Dickinson,	2008).	In	the	current	

study,	 the	 stimuli	 of	 interest	 were	 presented	 as	 antecedent	 triggers	 and	

were	 not	 contingent	 on	 a	 response	 (Adams	 &	 Dickinson,	 1981).	 It	 could,	
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however,	be	argued	 that	 the	 zooming	 feature	 in	 the	current	 task	provides	

some	modest	 feedback	 to	 the	 participant	 (although	 it	 is	 unlikely	 that	 this	

would	drive	a	satiety	effect).	The	advantage	of	the	zooming	feature	 is	that	

the	 perceptual	 feedback	 reduces	 ambiguity	 of	 the	 arm	 movements	 –	

however	 on	 the	 flip	 side,	 the	 participant	 is	 receiving	 some	 (limited)	

feedback	 contingent	 on	 their	 responses	 and	 as	 such,	 future	 studies	 could	

address	the	effect	of	this	task	feature	on	responding	following	satiation.		

	

An	 alternative	 account	 of	 the	 current	 set	 of	 results	 could	 look	 to	 a	

moderating	 factor	 (such	 as	 increased	 reward	 sensitivity	 following	 nicotine	

exposure),	 to	 explain	 the	 fact	 that	 smoking	 increased	 the	 approach	 bias.	

Unfortunately,	 however,	 a	 lack	 of	 research	 in	 this	 field	 renders	 these	

suggestions	 speculative.	 For	 example,	 although	 nicotine	 is	 argued	 to	

increase	sensitivity	to	reward	(Chaudhri	et	al.,	2006;	Kenny	&	Markou,	2006;	

Zachariou	 et	 al.,	 2001),	 little	 is	 known	 about	 how	 reward	 sensitivity	

moderates	 approach	 bias	 scores.	 A	 better	 understanding	 of	 how	 various	

moderating	factors	such	as	reward	sensitivity	or	impulsivity	affect	approach	

bias	measurements	would	be	beneficial.		

	

In	 the	 current	 study,	we	 focused	 on	 differentiating	 between	 a	 number	 of	

dominant	accounts	 in	 the	 literature-	namely	 the	habit	or	outcome-specific	

PIT	accounts	on	one	hand	and	the	incentive	sensitization	model	of	addiction	

on	 the	 other.	 It	 should	 be	 noted	 that,	 in	 line	 with	 the	 latter,	 expectancy	

models	 of	 addiction	 would	 also	 predict	 that	 the	 approach	 bias	 would	 be	

flexibly	 modulated	 by	 the	 current	 value	 of	 smoking	 -	 as	 drug-seeking	 is	

argued	to	be	a	goal-directed	choice	based	on	the	expected	positive	effects	

of	 smoking	 (Goldman,	2002;	Goldman	et	 al.,	 1987).	 It	 is	 unfortunately	not	

possible	 to	 fully	 disentangle	 the	 motivational	 mechanisms	 that	 underlie	
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approach	 behavior	 using	 this	 task,	 given	 that	 a	 number	 of	 behaviors	 are	

sensitive	to	outcome	reevaluation		-	namely	Pavlovian	conditioned	approach	

responses	 (Colwill	 &	 Rescorla,	 1988),	 goal-directed	 behavior	 (Adams	 &	

Dickinson,	 1981)	 and	 possibly	 general	 PIT	 (Corbit	 et	 al.,	 2007)	 while,	 as	

discussed	previously,	S-R	habits	and	outcome-specific	PIT	processes	are	not.	

Although	 the	 current	 paradigm	 is	 not	 able	 to	 differentiate	 between	 all	 of	

these	possibilities,	the	results	of	this	study	go	somewhat	towards	addressing	

outstanding	questions	regarding	whether	the	approach	bias	 is	sensitive	(or	

not)	to	outcome-reevaluation.	The	dissociation	observed	between	cigarette	

craving	 and	 the	 cigarette	 approach	 bias	 at	 Session	 2,	 suggests	 that	 the	

approach	 bias	 can	 be	 elicited	 regardless	 of	 the	 current	 incentive	 value	 of	

cigarettes.	In	this	case,	however,	this	appears	to	be	more	than	a	simple	S-R	

habit	and	instead	the	current	results	may	be	best	explained	as	an	ideomotor	

O-R	priming	effect,	following	the	exposure	to	cigarette	smoking.	

	

The	 approach-avoidance	 task	 has	 not	 only	 been	 used	 to	 investigate	

approach	tendencies,	but	also	as	a	clinical	tool	to	manipulate	the	approach	

bias.	 Two	 studies	 have	 now	 shown	 that	 joystick	 re-training	 (repeatedly	

pushing	 on	 a	 joystick	 in	 response	 to	 alcohol	 cues)	 reduces	 the	 alcohol	

approach	 bias	 and	 leads	 to	 an	 immediate	 reduction	 in	 amount	 of	 alcohol	

consumed	by	students	(R.W.	Wiers	et	al.,	2010)	and	to	increased	abstinence	

up	to	one	year	after	treatment	for	alcoholism	in	patients	(R.	W.	Wiers	et	al.,	

2011).	 By	 understanding	 the	 motivational	 mechanisms	 that	 underlie	 the	

approach	 bias,	 we	 may	 ultimately	 gain	 a	 better	 understanding	 of	 the	

treatment	 effects	 of	 approach	bias	 retraining	 and	possibly	 refine	 this	 as	 a	

treatment	strategy.	



Chapter	3	

76	

	

	



 

 

4	

Limits	to	spontaneous	O-R	acquisition	
	

	

	

	

	

	

	

	

	
	
	
	
	
	

Published	 as:	 Watson,	 P.,	 van	 Steenbergen,	 H.,	 de	 Wit,	 S.,	
Wiers,	R.	W.,	&	Hommel,	B.	(2015).	Limits	of	ideomotor	action-
outcome	acquisition.	Brain	Research,	1626,	45–53.	



Chapter	4	

78	

Abstract	

Ideomotor	 theory	 proposes	 that	 goal-directed	 action	 emerges	 from	 the	

implicit,	incidental	acquisition	of	bidirectional	associations	between	actions	

and	 their	 outcomes.	 In	 line	 with	 this	 idea,	 a	 simple	 two-stage	 priming	

paradigm	 has	 provided	 evidence	 that	 presentation	 of	 outcomes	 primes	

previously	associated	actions.	In	the	current	study	we	compare	the	standard	

priming	paradigm	with	two	actions	and	two	unique	outcomes	(Experiment	

1)	with	two	more	complex,	but	otherwise	identical	versions	(Experiment	2:	

two	 vs.	 four	 actions	 with	 four	 outcomes).	 Our	 results	 show	 stronger	

evidence	 of	 action-outcome	 learning	 in	 the	 simple	 compared	 to	 the	more	

complex	 versions.	 We	 suggest	 that,	 when	 using	 the	 classic	 two-stage	

paradigm,	 action-outcome	 acquisition	 is	 limited	 to	 just	 a	 few	 action-

outcome	associations	that	can	be	concurrently	learned—at	least	if	 learning	

is	not	 supported	by	discriminative	 stimuli	and	outcomes	are	not	 salient	or	

motivationally	relevant.		
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1. Introduction	

A	defining	characteristic	of	goal-directed	actions	is	that	behavior	is	driven	by	

anticipated	 outcomes	 (Adams	 &	 Dickinson,	 1981;	 Balleine	 &	 Dickinson,	

1998;	 Greenwald,	 1970;	 Harless,	 1861;	 James,	 1890;	 Lotze,	 1852;	 Pavlov,	

1927).	Ideomotor	theories	of	action	control	propose	that	the	anticipation	of	

action	 goals	 emerges	 from	 the	 acquisition	 of	 bidirectional	 action-outcome	

associations	 (Hommel,	 2009;	 Hommel	 et	 al.,	 2001;	 see	 for	 review	 Shin,	

Proctor,	&	Capaldi,	2010).	For	 instance,	accidentally	touching	a	light	switch	

and	 turning	 on	 the	 light	 would	 create	 an	 association	 between	 the	

representation	of	the	light	being	on	and	the	motor	pattern	of	touching	the	

switch	 (and	 the	 perceptual	 experiences	 accompanying	 this	 event).	 Once	

created,	this	association	can	be	used	to	intentionally	switch	on	the	light	by	

imagining	 the	 switched-on	 light,	 which	 will	 reactivate	 the	 light-related	

representation	that	will	spread	activation	to	the	associated	motor	pattern.	

According	to	this	view,	the	ability	to	carry	out	goal-directed	action	emerges	

from	the	incidental,	implicit	acquisition	of	action-outcome	associations.	

	

Supporting	 evidence	 for	 spontaneous	 ideomotor	 learning	 generally	 comes	

from	a	simple	priming	paradigm	demonstrating	that	after	the	acquisition	of	

action-outcome	 relationships,	 presenting	 the	 outcome	 as	 a	 stimulus	

facilitates	 the	 action	 that	 previously	 led	 to	 that	 outcome.	 If	 instructed	 to	

make	 a	 response	 that	 is	 incongruent	 to	 previously	 learned	 associations,	

participants	 are	 slower	 and	 more	 error	 prone	 	 (Beckers,	 De	 Houwer,	 &	

Eelen,	2002;	Elsner	&	Hommel,	2001;	Herwig	&	Waszak,	2009;	Hommel	et	

al.,	2003;	Kunde,	Hoffmann,	&	Zellmann,	2002;	Wolfensteller	&	Ruge,	2011).		
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Although	 the	 majority	 of	 studies	 to	 date	 have	 examined	 purely	 sensory	

outcomes	that	have	no	motivational	significance,	some	studies	have	shown	

evidence	of	a	priming	effect	with	motivationally	relevant	outcomes	(Beckers	

et	 al.,	 2002a;	 Eder,	 Rothermund,	 De	 Houwer,	 &	 Hommel,	 2014;	 Muhle-

Karbe	 &	 Krebs,	 2012).	 In	 addition,	 EEG	 studies	 have	 shown	 that	 random	

presentation	of	 irrelevant	outcomes	generates	a	similar	EEG	signal	to	task-

relevant	 feedback	 (Band,	 van	 Steenbergen,	 Ridderinkhof,	 Falkenstein,	 &	

Hommel,	 2009)	 and	 that	 deviant	 auditory	 events	 in	 place	 of	 expected	

outcomes	 cause	 an	 orienting	 response	 (Waszak	 &	 Herwig,	 2007).	 fMRI	

studies	have	 shown	 that	presentation	of	outcomes	activates	brain	 regions	

involved	 in	 attention	 and	 motor	 preparation	 (Hughes	 &	 Waszak,	 2011;	

Melcher,	Weidema,	Eenshuistra,	Hommel,	&	Gruber,	2008)	and	that	action	

preparation	is	accompanied	by	the	activation	of	brain	areas	that	are	coding	

for	perceptual	action	outcomes		(Kühn,	Keizer,	Rombouts,	&	Hommel,	2011;	

Kühn,	 Seurinck,	 Fias,	 &	 Waszak,	 2010).	 Overall	 these	 studies	 show	

considerable	 evidence	 for	 the	 ideomotor	 mechanism	 and	 suggest	 that	

anticipation	of	outcomes	is	an	important	feature	of	goal-directed	behavior,	

drawing	on	attentional	resources	and	facilitating	responding.	

	

Previous	 studies	 have	 explored	 different	 parameters	 of	 the	 outcome-

response	 priming	 effect.	 Wolfensteller	 and	 Ruge	 (2011)	 systematically	

examined	how	many	acquisition	trials	are	required	before	a	priming	effect	is	

observed.	Others	have	studied	 the	 temporal	dynamics	by	varying	 the	 time	

between	 actions	 and	 outcomes	 either	 during	 the	 acquisition	 phase,	 or	

during	 test	 (Desantis,	 Roussel,	 &	Waszak,	 2014;	 Elsner	 &	 Hommel,	 2004;	

Ziessler	&	Nattkemper,	2011).	A	number	of	studies	have	examined	how	task	

instructions	 and	 intention	during	 acquisition	modulate	 the	 acquisition	 and	

expression	 of	 action-outcome	 learning	 (Herwig	 &	 Waszak,	 2009;	 Zwosta,	
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Ruge,	&	Wolfensteller,	2013).	Overall	these	studies	show	that	under	simple	

conditions,	 the	 priming	 effect	 is	 robust	 and	 associations	 between	 actions	

and	outcomes	are	quickly	acquired.	This	fits	with	the	ideomotor	assumption	

that	action-outcome	acquisition	is	spontaneous,	implicit,	and	incidental,	and	

thus	 not	 dependent	 on	 any	 intention	 to	 learn	 (Elsner	 &	 Hommel,	 2001).	

However,	research	on	the	characteristics	of	 implicit	versus	explicit	 learning	

has	 provided	 strong	 evidence	 that	 implicit	 learning	 is	 restricted	 to	 simple,	

transparent	 relationships	 between	 the	 to-be-associated	 events.	 For	

instance,	 while	 few,	 unique	 stimulus-response	 relationships	 or	 event	

sequences	 can	 be	 learned	 implicitly	 and	 incidentally,	 more	 complex	

relationships	 seem	 to	 require	 the	 presence	 of	 explicit	 processes	 (e.g.	

Alonso,	 Fuentes,	 &	 Hommel,	 2006;	 for	 a	 review,	 see	 Keele,	 Ivry,	 Mayr,	

Hazeltine,	 &	 Heuer,	 2003;	 Nissen	 &	 Bullemer,	 1987;	 Tubau,	 Hommel,	 &	

López-Moliner,	 2007).	 If	 thus	 ideomotor	 learning	 is	 aptly	 characterized	 as	

implicit	 and	 incidental,	 it	 would	 seem	 plausible	 that	 there	 are	 limits	 with	

respect	 to	 the	 complexity	 and	number	of	 ideomotor	 associations	 that	 can	

be	acquired	at	one	time.	

	

On	the	one	hand,	there	is	clear	evidence	that	the	acquisition	of	 ideomotor	

associations	 is	 not	 restricted	 to	 one	 action-outcome	 pairing:	 Elsner	 and	

Hommel	(2001)	demonstrated	acquisition	for	two	action-outcome	relations	

and	 other	 studies	 have	 demonstrated	 successful	 acquisition	 for	 four	

relations	 (e.g.	 Band	 et	 al.,	 2009;	 Elsner	 &	 Hommel,	 2004).	 And	 yet,	 the	

substantial	 diversity	 of	 experimental	 designs	 makes	 it	 difficult	 to	 assess	

whether	 and	 to	 which	 degree	 the	 number	 of	 simultaneously	 available	

actions	 and	 action-outcome	 relations	 might	 affect	 action-outcome	

acquisition.	 That	 it	 may	 play	 a	 role	 was	 suggested	 to	 us	 by	 two	 informal	

observations.	 In	 piloting	 for	 a	 study	 on	 action-outcome	 acquisition	 in	
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infants,	 Verschoor,	 Weidema,	 Biro,	 and	 Hommel	 (2010;	 see	 introduction)	

observed	 that	 an	 infant-friendly	 version	 of	 the	 Elsner	 and	 Hommel	 two-

choice	 paradigm	was	 too	 difficult	 for	 the	 investigated	 infants.	 In	 addition,	

pilot	studies	on	adults	in	our	lab	suggest	that	replicating	the	original	effects	

with	more	extended	 choice	 tasks	 can	 sometimes	be	difficult3.	 The	present	

study	 aimed	 at	 providing	 a	 formal	 test	 of	 these	 informal	 observations.	 In	

Experiment	1,	we	thus	tried	to	replicate	Elsner	and	Hommel’s	(2001)	original	

observation.	 In	 Experiment	 2	we	 tested	whether	 this	 effect	 could	 also	 be	

demonstrated	 in	 two	 more	 complex	 versions	 of	 the	 otherwise	 identical	

paradigm.		

2. Experiment	1	

Experiment	 1	was	modeled	 after	 the	original	 study	of	 Elsner	 and	Hommel	

(2001,	 Experiment	 1).	 It	 included	 the	 acquisition	 phase,	 in	 which	

participants	 carried	 out	 free	 binary-choice	 responses,	 followed	 by	 unique	

but	task-irrelevant	visual	outcomes	(blue	shapes),	and	a	test	phase,	in	which	

the	blue	shapes	now	served	as	response-signaling	stimuli.	As	in	the	original	

study,	 one	 group	 of	 participants	 was	 instructed	 to	 respond	 to	 each	 blue	

shape	by	performing	 the	 response	 that	had	 triggered	 that	outcome	 in	 the	

acquisition	 phase	 (the	 congruent	 mapping	 group).	 The	 other	 group	 of	

participants	 received	 incongruent	mapping	 instructions	 in	 the	 test	 phase	 -	

they	were	 instructed	 to	 perform	 the	 response	 that	 had	 not	 triggered	 the	

blue-shape	 outcome	 in	 the	 acquisition	 phase.	 The	 expectation	 was	 that	

performance	should	be	better	in	the	congruent	than	the	incongruent	group,	

which	 would	 indicate	 spontaneous	 action-outcome	 acquisition	 in	 the	

acquisition	phase.	

                                                                    
3	See	appendix	A	for	details	of	the	pilot	study	referred	to	here.	
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2.1. Methods	

Participants.	 Forty	 participants	 (mean	 age:	 22.4	 years,	 SD	 4.2	 years;	 68%	

female)	were	recruited	from	the	University	of	Amsterdam.	Participants	were	

rewarded	 either	 with	 €3.50	 or	 half	 a	 participation	 credit.	 The	 Psychology	

Ethics	Committee	of	the	University	of	Amsterdam	approved	the	study.	

	

Stimuli	 and	 materials.	 A	 computerized	 task	 similar	 to	 that	 described	 by	

Elsner	and	Hommel	(2001)	was	used.	The	task	was	programmed	in	Inquisit	

and	presented	to	participants	on	a	Dell	monitor.	Participants	responded	by	

pressing	 the	 ‘z’	 and	 ‘m’	 keys	 on	 a	 standard	 QWERTY	 keyboard.	 Each	

experiment	 consisted	 of	 an	 acquisition	 phase	 and	 a	 test	 phase.	 In	 the	

acquisition	phase	participants	saw	a	 ‘go’	stimulus	-	a	white	double-headed	

arrow	 and	 each	 participant	 saw	 two	 from	 a	 set	 of	 four	 possible	 outcome	

stimuli.	These	stimuli	were	all	blue	shapes	of	5x5	cm	-	a	square,	a	rectangle,	

a	 star	 or	 a	 circle.	 The	 participant	 saw	 the	 same	 two	 blue	 shapes	 as	 cue	

stimuli	during	the	test	phase	(see	figure	1).	

	

Procedure.	Participants	were	randomly	assigned	to	either	the	‘congruent’	or	

‘incongruent’	 groups.	 All	 instructions	 were	 given	 verbally.	 During	 the	

acquisition	phase	participants	were	instructed	to	push	on	either	the	left	or	

the	right	key	every	time	that	they	saw	a	white,	double-headed	arrow	appear	

on	the	screen.	They	were	told	that	it	did	not	matter	which	key	they	pressed,	

but	that	they	should	try	and	push	the	left	and	right	keys	about	equally	often	

during	the	task,	 in	a	non-systematic	manner.	 In	addition,	participants	were	

told	that	every	time	they	pressed	a	key	a	blue	shape	would	appear	but	that	

these	 were	 not	 important	 and	 could	 be	 ignored.	 The	 blue	 shapes	 were	

counterbalanced	across	response	keys	and	across	participants.		
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Each	acquisition	trial	began	with	the	presentation	of	a	white	 fixation	cross	

that	 was	 presented	 for	 a	 random	 length	 of	 time	 between	 1000-1500	ms.	

The	cue	was	then	presented	for	200	ms	and	the	computer	waited	for	up	to	

1000	ms	after	the	end	of	the	cue	presentation	for	a	response	(see	Figure	1).	

If	a	 response	was	made,	 the	participant	saw	the	outcome	(blue	shape)	 for	

500	ms.	One	blue	shape	was	consistently	paired	with	one	response	button	

and	if	no	response	was	made	the	message	“too	late”	was	shown	for	500	ms.	

Trials	for	which	no	response	was	recorded	were	considered	invalid	trials	and	

were	 repeated	 before	 the	 end	 of	 the	 acquisition	 phase.	 Participants	

received	8	practice	trials	and	80	valid	acquisition	trials.	After	30	valid	trials	

and	 again	 after	 60	 valid	 trials	 a	 ‘pause	 screen’	 was	 presented	 telling	

participants	 how	 often	 they	 had	 pushed	 the	 left	 and	 right	 keys	 and	

reminding	 them	 to	 try	 and	 push	 them	 about	 equally	 often.	 Participants	

could	push	the	spacebar	to	continue	at	their	own	pace.	

	

After	 the	 acquisition	 phase	 participants	 were	 instructed	 that	 during	 the	

second	phase	they	would	be	presented	with	blue	shapes	and	that	they	must	

push	 a	 specific	 key	 in	 response	 to	 each	 shape.	During	 this	 test	 phase,	 the	

same	 two	 blue	 shapes	 that	 had	 been	 used	 in	 the	 acquisition	 phase	 as	

outcomes	were	now	used	as	stimuli.	For	half	of	the	participants	(congruent	

group),	 the	mapping	 instructions	were	congruent	with	the	mapping	during	

the	 acquisition	 phase.	 For	 the	 other	 half	 of	 the	 participants	 (incongruent	

group),	the	mapping	instructions	were	incongruent	such	that	the	shape	that	

had	 previously	 appeared	 following	 a	 right	 key	 press,	 was	 now	 the	 stimuli	

that	required	a	left	key	press	(see	Figure	1).	

	

	



Limits	to	spontaneous	O-R	acquisition	

85	

	
Figure	 1:	 Experimental	 procedure	 in	 Experiment	 1.	A.	 During	 acquisition	 phase	 a	
particular	key	press	was	always	followed	by	a	particular	shape.	B.	Instruction	screens	
for	the	two	different	groups	at	test.	For	half	of	the	participants	(incongruent	group),	
the	action	–	outcome	mapping	was	reversed.	
	

The	test	phase	began	with	an	instruction	screen	showing	both	shapes	with	

the	 words	 ‘left’	 and	 ‘right’	 indicating	 what	 the	 correct	 response	 for	 each	

shape	was	(see	Figure	1).	This	was	followed	by	8	practice	trials	and	then	the	

mapping	instruction	screen	was	presented	again.	Each	test	trial	began	with	

the	presentation	of	a	white	fixation	cross	that	was	presented	for	a	random	

length	of	time	between	1000-1500	ms.	The	shape	cue	was	then	shown	for	

200	 ms	 and	 response	 window	 was	 open	 50	 ms	 after	 the	 end	 of	 cue	

presentation	and	closed	2000	ms	after	the	end	of	cue	presentation.	Stimuli	

were	shown	in	blocks	of	8	(no	pause	between	blocks),	with	the	two	stimuli	

presented	four	times	randomly	within	each	block.	Response	omissions	were	

repeated	before	the	end	of	 the	block.	Each	participant	completed	32	valid	

test	trials.		After	the	task	had	finished,	participants	filled	in	the	demographic	

questionnaire.	
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2.2. Results	

Three	 participants	 were	 excluded	 for	 having	 error	 rates	 in	 excess	 of	 25%	

(one	 participant	 from	 the	 congruent	 group	 and	 two	 participants	 from	 the	

incongruent	group).	

	

Acquisition	Phase.	After	exclusion	of	response	omissions	(3.9%	of	all	trials),	

the	 response	 ratios	 for	 left	 and	 right	 key	 presses	 were	 calculated.	

Participants	pushed	 the	 two	keys	equally	often	during	 the	 training	 (mean:	

50%	right	key	presses,	SD	3%).	Mean	RT	was	not	significantly	different	when	

comparing	 the	 congruent	 group	 (mean:	 235ms,	 SD:	 51ms)	 to	 the	

incongruent	group	(mean:	240ms,	SD:	46	ms;	t		=	0.36,	p	=	0.72).	

	

Test	 Phase:	 Reaction	 time.	 Trials	 with	 response	 omissions	 were	 excluded	

from	 the	 test	 phase	 dataset	 (1.5%	 of	 all	 trials)	 and	 repeated	 measures	

ANOVA	 was	 used	 to	 assess	 RT	 as	 a	 function	 of	 congruence	 group	

assignment,	 across	 the	 four	 blocks.	 As	 expected,	 and	 as	 can	 be	 seen	 in	

Figure	 2a,	 a	 congruence	 effect	was	 observed	 such	 that	 participants	 in	 the	

congruent	 condition	were	 faster	 to	 respond.	Mean	 RT	 for	 this	 group	was	

286	ms	 (SD	24	ms)	compared	 to	321	ms	 (SD	=	43	ms)	 for	 the	 incongruent	

group	 (main	 effect	 of	 group;	 F	 (1,35)	 =	 9.99,	 p	 =	 0.003).	 Participants’	

reaction	 times	 decreased	 across	 the	 four	 blocks	 (main	 effect	 of	 block	 F	

(3,105)	 =	 4.28,	 p	 =	 0.015).	 There	 was	 no	 interaction	 between	 these	 two	

factors	(F	<	1,	p	=	0.65).	

	

Test	 Phase:	 Accuracy.	 Repeated	 Measures	 ANOVA	 was	 used	 to	 assess	

accuracy	 as	 a	 function	 of	 congruence	 group	 assignment,	 across	 the	 four	

blocks.	 Error	 rates	 were	 not	 different	 between	 the	 two	 groups	

(incongruent/congruent)	 as	 evidenced	 by	 a	 non-significant	 main	 effect	 of	
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group	 F	 (1,35)	 =	 1.53,	 p=	 0.22	 (see	 Figure	 2b).	 There	 was	 a	 marginally	

significant	 effect	 of	 block,	 F	 (3,105)	 =	 2.7,	 p	 =	 0.05	 (accuracy	 improved	

across	 blocks),	 but	 no	 interaction	 between	 these	 two	 factors	 (F	 <	 1,	 p	 =	

0.53).		

	

Figure	2:	Experiment	1:	A.	RT	data	across	4	blocks.	Participants	in	the	incongruent	
group	 were	 overall	 significantly	 slower	 (p=0.003).	 B.	 Error	 rates.	 Error	 bars	
represent	standard	error	of	the	mean.	
	

2.3. Discussion	

During	 the	 test	 phase	 of	 Experiment	 1,	 participants	 were	 instructed	 to	

respond	 to	 stimuli	 that	 had	 previously	 functioned	 as	 outcomes	 during	 an	

acquisition	phase.	We	replicated	previous	demonstrations	of	a	congruence	

effect	 by	 showing	 that	 after	 acquisition	 of	 action-outcome	 relationships,	

participants	in	the	incongruent	group	(who	were	instructed	during	the	test	

phase	 to	 make	 responses	 incongruent	 to	 previously	 learned	 associations)	

were	 slower	 to	 respond.	 This	 is	 presumably	 due	 to	 interference	 from	 the	

previously	 acquired	 action-outcome	 associations.	 In	 Experiment	 2	 we	
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attempted	 to	 extend	 these	 results	 to	 more	 complex	 situations	 involving	

more	than	two	response	and	outcome	options.		

3. Experiment	2	

Experiment	2	extended	the	number	of	outcomes	from	two	to	four.	Different	

variations	of	the	task	examined	a)	four	outcomes	paired	with	two	response	

keys	and	b)	four	outcomes	paired	with	four	response	keys.	

3.1. Methods	

Participants.	 Subject	 recruitment	 and	 testing	 took	 place	 at	 two	 locations	

(Leiden	University	 &	University	 of	 Amsterdam).	 	 77	 participants	 took	 part	

and	 were	 rewarded	 either	 with	 €3.50	 or	 half	 a	 participation	 credit.	

Participants	 were	 assigned	 to	 one	 of	 two	 versions	 of	 the	 task:	 39	

participants	 to	 the	 ‘Four	 outcomes	 &	 Two	 responses’	 version	 (mean	 age:	

21.1	 years,	 SD	 3.1	 years;	 66%	 female)	 and	 38	 participants	 to	 the	 ‘Four	

outcomes	&	 Four	 responses’	 version.	 Due	 to	 experimenter	 error,	 age	 and	

gender	data	was	missing	 for	20	participants	 in	 the	 latter	 condition.	Of	 the	

remaining	18	participants,	the	mean	age	was	22.6	years	(SD:	4.7	years)	and	

77%	 were	 female.	 It	 should	 be	 noted	 that	 advertisements	 specified	 that	

participants	should	be	aged	between	18-40	and	gender	differences	have	not	

previously	 been	 reported	 in	 studies	making	 use	 of	 this	 two-stage	 priming	

paradigm.				

Materials	 and	 procedure.	 Two	 different	 versions	 of	 the	 priming	 task	

described	 in	 Experiment	 1	 were	 used,	 consisting	 of	 an	 acquisition	 phase	

followed	by	a	test	phase.	The	same	four	outcome	stimuli	used	in	Experiment	

1	 were	 also	 used	 in	 both	 versions	 of	 the	 task	 and	 were	 counterbalanced	

across	 response	 keys	 and	 across	 participants.	 Any	 differences	 in	 the	 task	
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from	that	described	previously	are	outlined	below.		

2	 Responses	 &	 4	 Outcomes	 (2R4O)	 Task.	 In	 this	 version	 of	 the	 task,	

participants	 received	 the	 same	 verbal	 instructions	 during	 the	 acquisition	

phase	 as	 Experiment	 1	 and	 saw	 the	 same	 ‘go’	 stimulus.	 For	 each	 key	

however,	there	were	now	two	associated	outcomes	(blue	shapes;	see	figure	

4).		For	every	eight	presses	on	a	particular	key,	the	two	shapes	assigned	to	

that	key	were	presented	four	times	each	in	random	order.	All	timings	were	

exactly	 as	 described	 previously,	 although	 participants	 now	 had	 160	 valid	

acquisition	 trials	with	 the	 pause	 screen	 after	 50	 and	 again	 after	 130	 valid	

trials.	The	 test	phase	was	exactly	 the	 same	as	described	previously	except	

that	the	 instruction	screen	now	had	all	 four	outcomes	and	the	words	 ‘left’	

and	‘right’	were	used	twice	(see	Figure	3a).	 	There	were	64	valid	test	trials	

and	within	each	block	of	8	trials,	each	of	the	four	outcomes	was	presented	

twice	at	random.	

4	 Responses	 &	 4	 Outcomes	 (4R4O)	 Task.	 In	 this	 version	 of	 the	 task,	

participants	 were	 assigned	 four	 response	 keys	 (the	 ‘c’	 and	 ‘.’	 keys	 in	

addition	to	the	‘z’	and	‘m’	keys).	They	were	instructed	to	use	the	middle	and	

index	 fingers	 from	 both	 hands.	 During	 the	 acquisition	 phase	 participants	

were	 instructed	 to	push	on	all	 four	keys	about	equally	often,	but	all	other	

verbal	instructions	were	the	same	as	Experiment	1.	All	timings	were	exactly	

as	described	previously,	although	participants	now	had	160	valid	acquisition	

trials	 with	 the	 pause	 screen	 presented	 after	 50	 and	 again	 after	 130	 valid	

trials.	 The	 test	 phase	 was	 exactly	 the	 same	 except	 that	 the	 instruction	

screen	now	had	mapping	instructions	for	all	four	outcomes	with	the	words	

‘middle	finger-	 left’	 ‘	ring	finger	right’	etc.,	across	the	four	keys	(see	Figure	

3b).	 The	 test	 phase	 proceeded	 in	 exactly	 the	 same	 manner	 as	 described	

previously	except	 that	 there	were	64	valid	 test	 trials	 and	each	of	 the	 four	
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outcomes	was	presented	randomly	twice	within	each	block	of	8	trials.	

	

	

Figure	 3:	 	 Experimental	 procedure	 of	 Experiment	 2:	 ‘2	 responses	 &	 4	 outcomes’	

version	 (upper	 row)	 and	 ‘4	 responses	 &	 4	 outcomes’	 (lower	 row).	 A.	 Acquisition	
phase	mappings.	B.	Instruction	screens	seen	by	participants	during	the	test	phase.		

3.2. Results	

Participants	were	excluded	for	having	response	omissions	and/or	error	rates	

in	excess	of	50%	during	the	test	phase.		This	criterion	(rather	than	the	25%	

used	 in	Experiment	1)	was	chosen	because	the	task	was	comparably	more	

difficult,	 with	 twice	 the	 number	 of	 action-outcome	 relationships	 to	 be	

learned.	This	resulted	in	10	exclusions;	two	participants	(both	incongruent)	

were	excluded	from	the	2R4O	task	and	eight	participants	(four	incongruent)	

excluded	from	the	4R4O	task.		
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Acquisition	Phase.	After	exclusion	of	response	omissions	(2.7%	of	all	trials),	

response	 ratios	were	 calculated.	 Participants	 pushed	 the	 two	 keys	 equally	

often	for	the	2R4O	task	(mean:	50%	right	key	presses,	SD	2%)	and	mean	RTs	

were	 not	 significantly	 different	 when	 comparing	 the	 congruent	 group	

(mean:	 222ms,	 SD:	 26ms)	 to	 the	 incongruent	 group	 (mean:	 225ms,	 SD	 25	

ms;	t	=	0.32,	p	=	0.75.	In	order	to	ensure	that	responses	were	spread	evenly	

across	 the	 four	 keys	 for	 the	 4R4O	 task,	 we	 compared	 response	 rates	 on	

three	of	the	keys	using	a	repeated-measures	ANOVA,	F	<	1,	p	=	0.53).	Mean	

RTs	were	 not	 significantly	 different	when	 comparing	 the	 congruent	 group	

(mean:	251ms,	SD:	56ms)	 to	 the	 incongruent	group	 (mean:	253ms,	SD:	34	

ms;	t		=	0.15,	p	=	0.89.		

	

Test	 Phase:	 Reaction	 time.	 Trials	 with	 response	 omissions	 were	 excluded	

(1.3%	of	all	 trials).	Repeated	measures	ANOVA	was	used	 to	assess	RT	as	a	

function	 of	 task	 version	 (2	 levels)	 and	 congruence	 group	 assignment	 (2	

levels),	across	the	four	blocks.	As	can	be	seen	in	Figure	4,	there	was	a	main	

effect	 of	 task	 version	 F	 (1,	 63)	 =	 53.2	 p	 <	 0.0001).	 Participants	 were,	

unsurprisingly,	 slower	 to	 respond	when	 there	were	more	actions	available	

in	the	four-choice	task	(4R4O	task)	compared	to	the	two-choice	task	(2R4O	

task).	 There	 was	 also	 a	 task	 and	 block	 interaction	 F	 (3,	 189)	 =	 9.6,	 p	 <	

0.0001).	 There	 was	 no	 main	 effect	 of,	 nor	 interaction	 with,	 congruence	

group	assignment	(all	ps	>	0.50).	
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Figure	 4:	RT	 data	 for	 experiment	 2.	 A.	 ‘2	 responses	 &	 4	 outcomes’	 version.	 B.	 ‘4	
responses	 &	 4	 outcomes’	 version.	 There	 was	 no	 effect	 of	 incongruent	 mappings.	
Error	bars	represent	standard	error	of	the	mean.	

Test	Phase:	Accuracy.	Repeated	measures	ANOVA	was	used	to	assess	error	

rates	 as	 a	 function	 of	 task	 version	 (2	 levels)	 and	 congruence	 group	

assignment	 (2	 levels),	 across	 the	 four	 blocks.	 Error	 rates	 did	 not	 differ	

between	the	task	versions	F	 (1,63)	=	2.3,	p	=	0.13.	There	was,	however,	an	

interaction	between	block	 and	 congruence	F	 (3,	 189)	 =	407,	p	 =	 0.006.	As	

can	be	seen	in	Figure	5,	error	rates	during	Block	1	were	marginally	higher	at	

22%	for	participants	in	the	incongruent	groups	compared	to	the	congruent	

groups	(15%)	across	both	task	versions,	t	 (65)	=	1.9,	p	=	0.06,	whereas	this	

disadvantage	had	disappeared	by	block	2	(t	(65)	=	0.9,	p	=	0.37).	
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Figure	5:	Accuracy	data	for	experiment	2.	A.	‘2	responses	&	4	outcomes’	version.	B.	
‘4	responses	&	4	outcomes’	version.	Error	bars	represent	standard	error	of	the	mean.	

	
Further	 Analyses.	 It	 could	 be	 argued	 that	 the	 congruence	 effect	 was	 not	

observed	in	Experiment	2	due	to	a	lack	of	power.	In	order	to	address	this	we	

used	 the	G*power	 3	 software	 (Faul,	 Erdfelder,	 Lang,	&	 Buchner,	 2007)	 to	

calculate	the	sample	size	required	to	observe	a	main	effect	of	incongruence	

in	 reaction	 times	 (using	a	 t-test)	between	 two	equal	 size	groups.	We	used	

the	effect	size	obtained	in	Experiment	1	(M1	-	M2	/	spooled	=	1.01).	This	power	

analysis	 suggested	 that	 for	 a	 two-tailed	 effect	 size	 of	 1,	 with	 error	

probability	 of	 0.05	 and	power	of	 0.9	 a	 total	 sample	 size	of	 46	 (23	 in	 each	

group)	 should	be	 sufficient.	However,	we	 further	used	ANOVA	 to	examine	

the	complete	data	set	(experiments	1	and	2	combined).		Mean	RT	during	the	

test	 phase	 was	 entered	 as	 dependent	 variable	 with	 congruence	 group	

assignment	 (incongruent/congruent)	 and	 experiment	 (1	 vs.	 2)	 entered	 as	

independent	variables.	This	analysis	did	not	 reveal	a	 significant	 interaction	

between	 incongruence	 group	 and	 experiment	 F	 (1,100)	 =	 1.7,	 p	 =	 0.195	

making	interpretation	of	the	null	effect	found	in	experiment	2	difficult.	
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4. General	Discussion	

Using	 a	 simple	 paradigm	with	 two	 action-outcome	 relationships	 we	 were	

able	 to	 replicate	previous	demonstrations	of	 slower	 responding	 in	a	group	

of	participants	instructed	to	produce	responses	that	were	incongruent	with	

what	 had	 been	 previously	 learned.	 However,	 we	 did	 not	 observe	 this	

congruence	 effect	 in	 Experiment	 2	 when	 we	 increased	 the	 number	 of	

outcomes	 to	 four	 and	 had	 either	 two	or	 four	 response	 keys.	 In	 this	 latter	

case	there	was	a	marginal	difference	in	error	rates	between	the	two	groups,	

but	this	trend	did	not	persist	past	the	first	block.	Although	given	the	lack	of	

interaction	 between	 congruence	 group	 and	 experiment	 these	 data	 should	

be	 interpreted	 with	 caution,	 this	 study	 does	 suggest	 that	 there	 may	 be	

limitations	with	respect	to	the	number	of	action-outcome	associations	that	

can	be	created	concurrently.	As	pointed	out	in	the	introduction,	this	is	to	be	

expected	 when	 the	 mechanism	 responsible	 operates	 automatically,	

implicitly,	 and	 without	 any	 explicit	 intention	 to	 learn	 (Keele	 et	 al.,	 2003;	

Nissen	&	Bullemer,	1987;	Tubau	et	al.,	2007).	

	

It	could	be	argued	that	participants	in	Experiment	2	did	not	sufficiently	learn	

the	action-outcome	mappings	and	that	this	is	the	reason	we	did	not	observe	

interference	 from	previously	 learned	mappings	 in	 the	 incongruent	 groups’	

RTs.	Wolfensteller	 and	 Ruge	 (2011),	 however,	 showed	 that	 12	 acquisition	

trials	are	sufficient	 for	participants	 to	 learn	 the	 relationships	between	 two	

responses	 and	 two	 outcomes.	 In	 the	 current	 study	 we	 replicated	 the	

learning	phase	of	Elsner	and	Hommel	(2001)	by	having	80	valid	acquisition	

trials	 in	 the	 simple	 condition	 (Experiment	 1).	 We	 then	 doubled	 this	 (160	

trials)	 for	 the	 more	 complex	 conditions	 of	 Experiment	 2.	 Although	 we	

cannot	 rule	out	 the	possibility	 that	participants	were	not	able	 to	 learn	 the	

action-outcome	mappings,	 this	 seems	unlikely.	An	 alternative	 explanation,	
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in	regards	to	the	2R40	condition,	is	that	associating	two	outcomes	with	one	

response	 key	 causes	 overshadowing	 to	 occur	 -	 associative	 learning	 of	

action-outcome	 relationships	 is	 reduced	 because	 of	 competition	 between	

the	 outcomes	 for	 associative	 strength	 with	 the	 response	 that	 produces	

them.	 Accordingly,	 this	 reduced	 associative	 strength	 leads	 to	 reduced	

interference	 during	 test	 (and	 eliminates	 the	 congruence	 effect;	 Flach,	

Osman,	Dickinson,	&	Heyes,	2006).		

	

This	 overshadowing	 explanation	 highlights	 the	 role	 that	 discriminative	

stimuli	play	in	supporting	learning	of	multiple	action-outcome	relationships.	

S.	de	Wit,	Ridderinkhof,	Fletcher	and	Dickinson	(2013)	for	example,	assigned	

four	 outcomes	 to	 one	 response	 key	 and,	 contrary	 to	 the	 current	

experiments,	 showed	 evidence	 of	 outcome-response	 priming	 after	 limited	

training.	 Although	 the	 paradigm	 differed	 in	 many	 respects,	 one	 crucial	

difference	was	 that	discriminative	 stimuli	were	used	 in	 the	 training	phase,	

signaling	which	 outcome	was	 available	 and	which	 response	was	 therefore	

required	 (see	 also	 Elsner	 &	 Hommel,	 2004).	 This	 presumably	 facilitates	

learning	 of	 multiple	 action-outcome	 relationships	 by	 providing	 a	 unique	

context	in	which	the	association	is	to	be	learned	and	reduces	the	likelihood	

of	overshadowing.		

	

Some	 studies	 have	 actually	 reported	 that	 discriminative	 stimuli	 impair	 the	

learning	of	response-outcome	relationships	(Herwig,	Prinz,	&	Waszak,	2007;	

Herwig	&	Waszak,	 2009)	 although	others	 have	 shown	acquisition	of	 these	

relationships	 in	 forced-choice	 learning	 phases	 (Elsner	 &	 Hommel,	 2004;	

Pfister,	 Kiesel,	 &	 Hoffmann,	 2011;	Wolfensteller	 &	 Ruge,	 2011;	 Ziessler	 &	

Nattkemper,	 2011),	 including	 demonstrations	 in	 rats	 (e.g.	 Adams	 &	

Dickinson,	 1981).	 The	 expression	 of	 this	 learning	 (i.e.	 the	 activation	 of	
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responses	via	outcome	representations)	may,	however,	be	modified	by	task	

demands	and	 instructions	 to	participants	 (Pfister,	Kiesel,	&	Melcher,	2010;	

Zwosta	et	al.,	2013).	 In	 these	 latter	studies	participants	were	 instructed	to	

either	 produce	 outcomes	 (effect-based	mode)	 or	 to	 respond	 on	 a	 certain	

response	 key	 (stimulus-based	 mode)	 in	 the	 presence	 of	 different	 stimuli.	

The	placement	of	outcomes	was	then	spatially	compatible	or	 incompatible	

to	 the	 response.	 Importantly	 the	 relationships	 between	 stimuli,	 responses	

and	outcomes	were	held	constant	and	only	the	 instructions	changed.	Both	

studies	 observed	 an	 incompatibility	 effect	 in	 the	 effect-based	mode	 only,	

leading	to	suggestions	that	the	mere	experience	of	outcomes	is	not	enough	

to	trigger	associated	responses,	but	that	intention	to	act	is	required.	While	

relating	 the	 results	of	 these	 studies	back	 to	 those	of	 the	 classic	 two-stage	

paradigm	 is	 difficult,	 they	 relate	 to	 a	 broader	 theme	 of	 understanding	

whether	 ideomotor	 learning	 is	 sufficient	 or	 necessary	 for	 goal-directed	

action	 (Marien,	 Aarts,	 &	 Custers,	 2013;	 Ziessler	 &	 Nattkemper,	 2011;	

Ziessler,	Nattkemper,	&	Vogt,	2012).	Indeed	the	current	results	suggest	that	

the	ideomotor	priming	effect	 is	a	simple	mechanism	that	may	not	scale	up	

to	more	complex	situations,	as	would	be	expected	if	this	were	an	important	

component	of	goal-directed	action	control.		

	

It	should	be	clear	that	while	we	consider	our	present	findings	to	point	to	a	

limit	 of	 spontaneous	 action-outcome	 acquisition,	 our	 test	 was	 very	

conservative	and	the	apparent	limitation	is	relative	rather	than	absolute.	In	

addition,	 while	 the	 sample	 size	 should	 have	 been	 sufficient	 to	 detect	 a	

congruence	 effect	 in	 experiment	 2,	 interpretation	 of	 this	 null	 effect	 is	

difficult.	 The	 outcomes	 we	 used	were	 not	 particularly	 salient	 and	 had	 no	

motivational	 relevance	whatsoever	 in	 contrast	 to	 other	 designs	 that	 have	

made	use	of	reinforcement	learning	tasks	(Band	et	al.,	2009)	or	encouraged	
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participants	to	collect	points	for	accuracy	and	speed	during	the	acquisition	

phase	(S.	de	Wit,	Niry,	Wariyar,	Aitken,	&	Dickinson,	2007;	S.	de	Wit	et	al.,	

2013).	There	 is	evidence	that	more	salient	outcomes	are	more	 likely	 to	be	

acquired	(Dutzi	&	Hommel,	2009)	and	it	seems	reasonable	to	consider	that	

outcomes	 with	 more	 motivational	 significance	 (for	 example	 monetary	

outcomes)	might	be	learned	more	easily.	A	related	paradigm,	the	Pavlovian-

to-instrumental-transfer	 (PIT)	 task,	 has	 generally	 used	 motivationally	

relevant	 outcomes	 to	 demonstrate	 outcome-response	 priming	 (Colwill	 &	

Rescorla,	 1988;	 Estes,	 1948;	 Hogarth	 &	 Chase,	 2011;	 Watson,	 Wiers,	

Hommel,	 &	 de	 Wit,	 2014).	 The	 majority	 of	 these	 studies	 have	 also	 used	

simple	 one-to-one	 mappings	 of	 actions	 and	 outcomes	 and	 generally	 only	

examined	two	response	keys	(although	see	S.	de	Wit	et	al,	2013	for	a	more	

complex	design).	

	

It	 is	 also	 important	 to	 consider	 that	 the	 present	 test	was	 conservative	 by	

using	a	 forced-choice	paradigm,	which	might	 reduce	 the	 impact	of	 action-

outcome	anticipation	on	action	control.	Strong	action-priming	effects	have	

been	 reported	 in	 free-choice	 tests	 where	 participants	 are	 freely	 able	 to	

respond	 on	 each	 test	 trial	 (see	 for	 example	 Eder	 et	 al.,	 2014;	 Hogarth	 &	

Chase,	 2011;	 Watson	 et	 al.,	 2014).	 Presumably,	 as	 there	 is	 no	 relevant,	

discriminative	 stimulus	 signaling	 the	 correct	 response	during	 a	 free-choice	

test,	action	selection	via	outcome	anticipation	has	more	space	 in	which	 to	

operate.	 One	 reason	 for	 the	 strong	 priming	 effects	 observed	 in	 PIT	 tasks	

might	 be	 that	 they	 often	 endogenously	 cue	 outcome	 representations	 by	

simply	 reminding	 participants	 of	 outcomes	 during	 the	 test	 phase,	 rather	

than	presenting	them	(Colwill	&	Rescorla,	1988;	Estes,	1948;	Watson	et	al.,	

2014).	This	is	a	strategy	that	may	also	increase	the	priming	effect	although	
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to	date	the	two	types	of	outcome	cuing	(direct	and	indirect)	have	not	been	

compared	in	the	same	experiment.		

	

Taken	 altogether,	 our	 findings	 suggest	 that	 successful	 action-outcome	

acquisition	is	less	likely	as	the	number	of	possible	responses	and	response-

related	 outcomes	 increase.	 This	 raises	 the	 question	whether	 and	 to	what	

degree	other	factors	can	enhance	action-outcome	acquisition,	and	we	have	

suggested	 saliency	 and	 motivational	 relevance	 of	 outcomes	 as	 possible	

candidates.	
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Abstract	

Why	do	we	indulge	in	food	seeking	and	eating	behaviors	at	times	when	we	

are	already	fully	sated?	In	the	present	study	we	investigated	the	hypothesis	

that	 food-associated	 cues	 in	 the	 environment	 can	 interfere	 with	 goal-

directed	action	by	eliciting	food	seeking	that	 is	 independent	of	the	current	

desirability	 of	 the	 outcome.	 To	 this	 end,	 we	 used	 a	 computerized	 task	 in	

which	participants	learned	to	press	keys	for	chocolate	and	popcorn	rewards.	

Subsequently,	we	 investigated	whether	 satiation	 on	 one	 of	 these	 rewards	

would	bias	choice	toward	the	other,	still	desirable,	food	reward.	We	found	

that	 satiation	 did	 indeed	 selectively	 reduce	 responding	 on	 the	 associated	

key	 in	 the	 absence	 of	 food-associated	 cues.	 In	 contrast,	 in	 a	 Pavlovian	 –	

instrumental	-transfer	(PIT)	test,	satiation	failed	to	reduce	cue-elicited	food-

seeking:	 in	 line	with	our	hypothesis,	 cues	 that	had	previously	been	paired	

with	 chocolate	 and	 popcorn	 led	 to	 increased	 responding	 for	 the	 signaled	

food	 reward,	 independent	 of	 satiation.	 Furthermore,	 we	 show	 that	 food-

associated	 cues	 will	 not	 only	 bias	 choice	 toward	 the	 signaled	 food	

(outcome-specific	 transfer),	 but	 also	 enhance	 the	 vigor	 of	 responding	

generally	(general	transfer).	These	findings	point	to	a	mechanism	that	may	

underlie	 the	 powerful	 control	 that	 cues	 in	 our	 obesogenic	 environment	

exert	over	our	behavior.	
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1. Introduction	

We	 live	 in	an	environment	 that	 is	 full	of	 cues	 that	 remind	us	of	palatable,	

energy-dense	 food,	 whether	 these	 are	 commercials	 on	 the	 television	 or	

food	displays	at	the	supermarket.	This	‘obesogenic	environment’	is	thought	

to	encourage	excessive	 food	consumption	and	has	been	cited	as	a	 leading	

cause	 in	 the	 growing	 epidemic	 of	 obesity	 (Cohen,	 2008;	 Johnson,	 2013;	

Swinburn	 et	 al.,	 2011).	 Statistics	 from	 the	 Organization	 for	 Economic	 Co-

operation	and	Development	suggest	 that	across	the	34	member	countries,	

18%	of	 the	population	 is	now	obese	(OECD,	2013)	–	a	condition	with	well-

documented	negative	health	consequences	(Dietz,	1998;	Finkelstein,	Ruhm,	

&	Kosa,	2005;	Puhl	&	Heuer,	2009;	Wyatt,	Winters,	&	Dubbert,	2006).	 It	 is	

therefore	 of	 crucial	 importance	 to	 identify	 the	 processes	 by	 which	 the	

obesogenic	environment	affects	food-motivated	behaviors.	

Although	many	 factors	may	 contribute	 to	 food	 seeking	 and	 consumption,	

recent	studies	suggest	that	associative	learning	processes	play	an	important	

role	 (Bouton,	 2011).	 The	 obesogenic	 environment	 provides	 ample	

opportunities	 for	 associations	 to	 be	 formed	 between	 foods,	 cues	 and	

actions.	 For	 example,	 as	 a	 result	 of	 Pavlovian	 stimulus–outcome	 (S-O)	

conditioning,	cues	such	as	advertising	logos	or	food	packaging	may	come	to	

elicit	 craving	 for	 certain	 unhealthy	 snacks.	 Indeed,	 previous	 research	 has	

shown	 that	 television	 commercials	 promoting	 unhealthy	 foods	 increase	

consumption	of	 these	 types	of	 foods	 in	both	 children	and	adults	 (Halford,	

Gillespie,	Brown,	Pontin,	&	Dovey,	2004;	Harris,	Bargh,	&	Brownell,	 2009).	

Furthermore,	 more	 direct	 reminders	 such	 as	 the	 sight	 and	 smell	 of	 food	

have	 also	 been	 shown	 to	 increase	 food	 craving	 as	 well	 as	 consumption	

(Jansen,	 1998;	 Jansen	 et	 al.,	 2003;	 Temple	 et	 al.,	 2006),	 sometimes	 even	

despite	 explicit	 intentions	 to	 diet	 (Fedoroff,	 Polivy,	 &	 Herman,	 1997).	
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Therefore,	Pavlovian	processes	undoubtedly	play	an	important	role	in	food-

motivated	 behavior.	 However,	 there	 are	 many	 situations	 in	 which	

instrumental	actions	need	to	be	carried	out	to	gain	access	to	food	–	in	order	

to	 buy	 food	 for	 dinner,	 for	 example,	 you	may	walk	 a	 specific	 route	 home	

from	work	via	the	supermarket.	These	instrumental	actions	are	often	goal-

directed,	 in	the	sense	that	they	are	mediated	by	the	current	desire	for	the	

anticipated	 outcome	 of	 the	 action.	 However,	 some	 dual-process	 theories	

suggest	 that	 Pavlovian	 cues	 can	 interfere	 with	 goal-directed	 action	 (S.	 de	

Wit	&	Dickinson,	2009;	Hogarth,	2012;	Hogarth	&	Chase,	2011;	Huys	et	al.,	

2011).	 As	 a	 result	 of	 separate	 Pavlovian	 and	 instrumental	 conditioning	

processes,	Pavlovian	cues	that	remind	one	of	food	can	indirectly	trigger	the	

associated	instrumental	action	independently	of	the	current	motivation	for	

the	 outcome.	 For	 example,	 seeing	 the	 golden	 arches	 of	 the	 McDonald's	

restaurant	 chain	 on	 a	 billboard	 may	 remind	 one	 of	 cheeseburgers,	 the	

thought	of	which	triggers	the	action	of	going	to	McDonald's,	even	when	one	

is	 already	 fully	 sated.	 This	 interaction	 between	 Pavlovian	 cues	 and	

instrumental	behavior	–	known	as	 ‘Pavlovian-instrumental	 transfer’	 (PIT)	–	

may	be	a	mechanism	by	which	our	obesogenic	environment,	saturated	with	

reminders	 of	 food,	 biases	 our	 food-seeking	 behaviors	 and	 causes	

overconsumption.	

To	 investigate	 the	 effect	 of	 Pavlovian	 cues	 on	 instrumental	 action,	

associative	 learning	 psychologists	 have	 developed	 the	 PIT	 paradigm.	 This	

paradigm	 has	 been	 adopted	most	 extensively	 in	 animal	 studies	 (Colwill	 &	

Rescorla,	 1988;	 Corbit	 &	 Balleine,	 2005;	 Estes,	 1948;	 Holland,	 2004;	

Rescorla,	 1994),	 but	 in	 recent	 years	 also	 in	 human	 studies	 (Allman	 et	 al.,	

2010;	Bray	et	al.,	2008;	Hogarth,	2012;	Hogarth	&	Chase,	2011;	Lovibond	&	

Colagiuri,	2013;	Nadler	et	al.,	2011;	Prévost	et	al.,	2012;	Talmi	et	al.,	2008).	
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The	 classic	 PIT	 paradigm	 assesses	 the	 effect	 of	 a	 previously	 established	

Pavlovian	cue	on	ongoing	instrumental	behavior.	For	example,	in	an	animal	

study	by	Corbit,	Janak	and	Balleine	(2007),	a	clicker	cue	was	always	followed	

by	 the	delivery	of	 food	pellets	 and	a	 tone	 cue	by	 sucrose	 solution.	During	

this	 Pavlovian	 (S-O)	 conditioning	 phase,	 the	 rats	 gradually	 learned	 to	

anticipate	the	delivery	of	food	rewards	when	the	cues	were	presented.	In	a	

separate	 instrumental	 (response–outcome;	 R-O)	 conditioning	 phase,	 two	

levers	were	 inserted	 into	 the	 operant	 chambers	 and	 the	 rats	 now	 had	 to	

learn	 to	 perform	 instrumental	 actions	 to	 gain	 access	 to	 the	 food	 rewards.	

For	example,	they	learned	to	press	a	left	lever	in	order	to	gain	food	pellets,	

and	 a	 right	 lever	 to	 gain	 a	 drop	 of	 sucrose	 solution.	 Finally,	 to	 assess	 the	

effect	of	Pavlovian	cues	on	instrumental	action,	the	critical	transfer	test	was	

conducted.	 During	 this	 test,	 the	 animals	 were	 once	 again	 given	 the	

opportunity	 to	 freely	 respond	on	 the	 two	 levers,	but	 for	 the	 first	 time	 the	

Pavlovian	 cues	 (the	 clicker	 and	 the	 tone)	were	 occasionally	 presented.	 As	

expected,	the	Pavlovian	cues	biased	responding	toward	the	food	that	they	

signaled;	in	the	presence	of	the	clicker,	rats	increased	responding	on	the	left	

lever,	while	they	increased	responding	on	the	right	lever	in	the	presence	of	

the	tone.	 Importantly,	 the	Pavlovian	cues	had	never	been	trained	with	the	

instrumental	actions	–	so	their	effect	on	instrumental	responding	is	thought	

to	 be	 mediated	 by	 the	 cue-evoked	 outcome	 anticipation	 in	 an	 S-O-R	

associative	chain.	 It	 should	be	noted	 that	 the	 transfer	 test	 is	 conducted	 in	

extinction	 (no	 rewards	are	actually	given)	 to	ensure	 that	direct	experience	

with	the	outcomes	does	not	influence	behavior	during	the	test.	

This	 ‘outcome-specific	 transfer’	 effect	 is	 robust	 and	 plays	 a	 role	 in	 many	

domains	 of	 instrumental	 action:	 in	 animals	 it	 has	 been	 replicated	 using	

different	 food	 rewards	 (and	 drugs),	 and	 in	 humans	 it	 has	 been	
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demonstrated	with	 rewards	such	as	cigarettes,	 food	and	money	as	well	as	

purely	 symbolic	 outcomes.	 Importantly,	 several	 studies	 provide	 evidence	

that	the	outcome-specific	transfer	effect	is	insensitive	to	motivation.	Animal	

studies	 have	 shown	 that	 Pavlovian	 cues	 for	 food	 will	 bias	 instrumental	

actions	 even	 when	 rats	 have	 been	 sated	 on	 the	 signaled	 food	 reward	

(Holland,	2004;	Rescorla,	1994)	or	on	their	daily	maintenance	chow	(Corbit	

et	al.,	2007).	Rescorla	(1994)	first	trained	rats	to	expect	a	food	pellet	in	the	

presence	of	a	light	cue,	and	a	drop	of	sucrose	in	the	presence	of	a	tone.	In	

the	 instrumental	 training	 phase	 rats	 then	 learned	 to	 press	 a	 lever	 for	 the	

food	pellet	and	pull	on	a	chain	for	the	sucrose.	To	reduce	the	motivational	

value	of	one	of	the	food	outcomes,	either	the	food	pellet	or	the	sucrose	was	

paired	 with	 lithium	 chloride	 (to	 induce	 illness).	 In	 the	 transfer	 test	 that	

followed,	 the	 light	 and	 tone	 cues	biased	 responding	 toward	 the	 food	 that	

they	signaled,	regardless	of	the	desirability	of	that	food	outcome.	In	related	

studies	 in	 humans,	 Hogarth	 and	 colleagues	 (Hogarth,	 2012;	 Hogarth	 &	

Chase,	 2011)	 have	 shown	 that	 presenting	 smokers	 with	 pictures	 of	

cigarettes	while	 they	make	 instrumental	 choices	 for	 those	 rewards	 biases	

choice	 toward	 the	 pictured	 outcome.	 In	 line	with	 the	 animal	 studies,	 this	

effect	 was	 not	 reduced	 by	 exposure	 to	 health	 warnings	 about	 cigarettes	

(Hogarth	&	Chase,	2011)	nor	by	a	dose	of	nicotine	(Hogarth,	2012).	Further	

highlighting	the	role	of	outcome-specific	transfer	 in	drug-seeking	behavior,	

cues	associated	with	 cigarettes	have	been	 shown	 to	prime	actual	 smoking	

behavior	(Hogarth,	Dickinson,	&	Duka,	2010)	as	well	as	craving	for	cigarettes	

(Hitsman	et	al.,	2013;	Hogarth	et	al.,	2010).	These	cue-elicited	effects	were	

observed	independently	of	satiety	induced	by	smoking	(Hogarth	et	al.,	2010)	

or	 by	 administration	 of	 varenicline	 –	 a	 nicotine	 agonist	 prescribed	 for	

smoking	cessation	(Hogarth,	2012).	It	seems	feasible	that	this	transfer	effect	

may	also	play	a	role	in	food-seeking	behaviors.	Interestingly,	in	two	studies	



Cue-elicited	food	seeking	

105	

(Hogarth,	 2012;	 Hogarth	 &	 Chase,	 2011),	 a	 similar	 pattern	 of	 results	 was	

observed	for	chocolate	pictures	in	a	control	condition,	which	also	appeared	

to	 bias	 responding	 independently	 of	 current	 motivation.	 The	 aim	 of	 the	

present	 study	 is	 to	 extend	 this	 animal	 and	 human	 research	 to	 investigate	

more	 thoroughly	 the	 role	 of	 the	 outcome-specific	 transfer	 effect	 in	 the	

domain	of	food	seeking	in	humans.	

We	 investigated	 whether	 indirect	 reminders	 of	 food	 (such	 as	 seeing	 the	

golden	 arches	 of	 McDonald's	 in	 our	 previous	 example)	 would	 bias	

instrumental	 responding	 independently	 of	 satiation.	 To	 this	 end,	 we	

adopted	 a	 computerized	 task	 with	 the	 classic	 PIT	 design,	 consisting	 of	

separate	 Pavlovian	 and	 instrumental	 training	 phases,	 using	 two	 food	

rewards	 (Smarties	 and	 popcorn),	 two	 cues	 (abstract	 pictorial	 cues	 on	 a	

computer	 screen)	 and	 two	 responses	 (right	 and	 left	 keyboard	 presses).	

Following	 training,	 we	 induced	 ‘specific	 satiety’	 for	 one	 of	 the	 two	 food	

rewards	by	asking	participants	to	consume	a	large	amount	of	this	food.	One	

group	of	participants	was	 sated	on	Smarties,	 the	other	group	on	popcorn,	

and	 a	 third	 control	 group	 did	 not	 receive	 the	 satiation	 manipulation.	

Subsequently,	participants	received	a	non-cued	and	a	cued	test.	In	the	non-

cued	test,	instrumental	choice	between	the	two	key	presses	was	assessed	in	

the	 absence	 of	 the	 Pavlovian	 cues.	We	 expected	 performance	 to	 be	 goal-

directed	during	this	test,	meaning	that	the	Smarties-satiation	group	should	

prefer	 the	popcorn	key,	and	 the	popcorn-satiation	group	 the	Smarties	key	

(but	 no	 difference	 in	 the	 no-satiation	 group).	 In	 the	 cued	 (PIT)	 test,	 we	

expected	 that	 occasional	 presentations	 of	 Pavlovian	 cues	 would	 interfere	

with	 goal-directed	 action	 by	 eliciting	 the	 response	 for	 the	 signaled	 food	

reward	 regardless	 of	 specific	 satiety.	 To	 discourage	 an	 explicit	 strategy	 in	

the	non-cued	test,	we	 instructed	participants	to	 ignore	the	Pavlovian	cues.	
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We	 also	 employed	 a	 ‘nominal	 extinction’	 procedure	 and	 told	 participants	

that	they	were	still	winning	food	rewards	but	they	would	find	out	at	the	end	

how	many	they	had	won	–	this	kept	participants	motivated	during	the	test	

phase	while	preventing	further	learning	(see	e.g.,	Hogarth	&	Chase,	2011).		

Next	 to	 assessing	 outcome-specific	 PIT,	 we	 also	 assessed	 the	 general	

motivating	 effect	 of	 the	 Pavlovian	 cues	 on	 instrumental	 behavior.	 In	 the	

domain	 of	 food,	 several	 animal	 studies	 (and	 one	 human	 study:	 Prévost	

et	al.,	2012)	have	provided	evidence	for	this	‘general	PIT’	effect,	by	showing	

that	 a	 Pavlovian	 cue	 for	 food	will	 invigorate	 responding	 generally	 (i.e.	 not	

just	for	the	food-outcome	that	 is	signaled).	To	investigate	general	transfer,	

we	 included	 two	more	 Pavlovian	 cues	 in	 our	 design:	 one	 for	 a	 third	 food	

outcome	(cashew	nuts)	and	one	for	no-outcome.	Neither	of	these	outcomes	

was	 associated	with	 an	 instrumental	 response.	 General	 transfer	would	 be	

evident	 if	 participants	 responded	more	 vigorously	 (on	 the	 keys	 associated	

with	 the	 chocolate	 and	 popcorn	 rewards)	 during	 the	 cashew	 nuts	 cue	

relative	to	the	no-outcome	cue.	We	tested	whether	satiety	(on	chocolate	or	

popcorn)	would	affect	this	general	motivating	effect	of	the	cashew	nuts	cue.	

On	 the	 basis	 of	 a	 study	 by	 Corbit	 et	al.	 (2007),	 that	 showed	 that	 general	

transfer	with	food	rewards	only	occurs	when	animals	are	tested	in	a	hungry	

state,	we	expected	 that	participants	who	had	been	sated	on	Smarties	and	

popcorn	would	 show	 an	 attenuated	 general	 transfer	 effect	 relative	 to	 the	

no-satiation	group.	

To	 summarize,	 the	main	 aim	 of	 the	 present	 study	was	 to	 assess	whether	

Pavlovian	 cues	 interfere	 with	 the	 ability	 to	 reduce	 responding	 for	 food	

rewards	 on	 which	 people	 have	 already	 been	 sated.	 Evidence	 for	 this	

hypothesis	would	be	observed	if	a	cue	previously	associated	with	a	certain	
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food	 reward	 would	 trigger	 responding	 on	 the	 associated	 key	 even	 if	 the	

desire	for	this	food	had	been	reduced	as	a	consequence	of	specific	satiety.	

Next	 to	 this	 outcome-specific	 transfer	 effect	we	also	 assessed	 the	 general	

motivating	effect	of	food-associated	cues	on	the	vigor	of	responding.	

2. Methods	

Participants:	A	 total	of	144	subjects	were	 recruited	 from	the	University	of	

Amsterdam.	 Advertisements	 highlighted	 that	 the	 study	 involved	 eating	

popcorn,	chocolate	Smarties,	and	cashew	nuts.	Following	13	exclusions	(see	

results	 section)	 131	 participants	 between	 the	 ages	 of	 18	 and	 40 years	

(mean = 21.8 years;	SD = 3.0 years),	24%	males,	with	BMIs	ranging	from	16.5	

to	 32.4	 (mean = 22.5,	 SD = 3.4),	 remained	 in	 the	 study.	 All	 sample	

demographics	 can	 be	 seen	 in	 Table 1.	 Participants	 received	 €12	 or	 course	

participation	 credits	 for	 taking	 part.	 Participants	 were	 assigned	 to	 one	 of	

three	 experimental	 groups	 (no	 satiation,	 popcorn	 satiation,	 Smarties	

satiation).	 An	 attempt	 was	made	 to	 ensure	 that	males	 and	 females	 were	

spread	equally	 across	 the	 three	experimental	 groups.	 In	 addition,	because	

this	 experiment	 concerned	 cued	 instrumental	 responding	 for	 food	

outcomes,	 we	 measured	 eating	 restraint	 and	 impulsivity	 to	 ensure	 that	

there	 were	 no	 differences	 between	 the	 three	 experimental	 groups.	 All	

participants	were	 asked	 to	 refrain	 from	 eating	 for	 at	 least	 2	 hours	 before	

the	experiment	began.	The	Psychology	Ethics	Committee	of	 the	University	

of	Amsterdam	approved	the	study.	

	

Stimuli	 and	 materials:	 	 A	 computerized	 PIT	 task	 similar	 to	 that	 used	 by	

Prévost	et	al.	(2012)	was	programmed	in	presentation	and	run	on	a	laptop.	

The	 task	 consisted	of	 instrumental	 and	Pavlovian	 training	phases	 followed	

by	non-cued	and	cued	test	phases.	The	task	design	is	depicted	in	Fig. 1	and	
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described	in	the	procedure	section.	Four	images	of	black	and	white	patterns	

were	used	as	Pavlovian	cues	(during	the	Pavlovian	training	and	the	cued	test	

phase)	 and	 were	 always	 presented	 full-screen.	 Popcorn	 and	 Smarties	

photographs	were	used	in	both	training	phases	and	in	addition,	during	the	

Pavlovian	 training	 phase,	 a	 photo	 of	 cashew	 nuts	 and	 the	 word	 ‘nothing’	

were	 also	 used	 (see	 Fig. 1).	 These	 images	were	 approximately	 one-fifth	 of	

the	 screen	 size	 and	 presented	 in	 the	 center	 of	 the	 screen.	 Real	 food	

outcomes	 were	 used	 during	 the	 experiment	 –	 these	 were	mini	 chocolate	

Smarties	(Nestle,	471	calories	per	100 g),	salted	popcorn	(Albert	Heijn,	525	
calories	per	100 g)	and	unsalted	cashew	nuts	(Albert	Heijn,	625	calories	per	
100 g).	The	experiment	took	place	in	two	separate	rooms	–	a	plain	lab	room	

for	 the	 PIT-task	 and	 a	 TV-room	 for	 the	 satiation	manipulation.	 In	 the	 TV-

room,	 the	 lights	 were	 dimmed	 and	 the	 participants	 sat	 in	 a	 comfortable	

chair.	By	mimicking	the	home	environment	we	aimed	to	make	participants	

feel	more	comfortable	about	eating	a	large	amount	of	snack	food	during	the	

satiation	treatment.	During	10	minutes,	the	first	half	of	Series	1	Episode	2	of	

a	 popular	 American	 TV	 show	 “Modern	 Family”	 was	 shown	 to	 participants	

during	the	TV-watching	(satiation)	phase.	

	

Likert	scales.	At	various	times	during	the	experiment,	different	Likert	scales	

were	used	(see	procedure).	Participants	were	asked	to	rate	their	hunger	on	

a	10-cm	Likert	scale	marked	with	the	anchors:	not	at	all	hungry	(1),	neutral	

(5)	and	very	hungry	(10).	Furthermore	they	were	asked	to	report	how	much	

they	wanted	to	eat	each	of	the	foods	on	a	10-cm	Likert	scale	marked	with	

the	 anchors:	 not	 at	 all	 (1),	 neutral	 (5)	 and	 very	 much	 (10).	 In	 addition,	

participants	were	 asked	 to	 rate	 how	much	 they	 enjoyed	watching	 the	 TV	

clip	on	a	10-cm	Likert	scale	marked	with	the	anchors:	not	at	all	(1),	neutral	

(5)	and	very	much	(10).	
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Dutch	 eating	 behavioral	 questionnaire:	 To	 ensure	 that	 the	 groups	 were	

matched	 on	 eating	 restraint,	 the	 Dutch	 Eating	 Behavioral	 Questionnaire	

(DEBQ;	van	Strien,	Frijters,	Bergers,	&	Defares,	1986)	was	used	in	this	study.	

The	DEBQ	consists	of	33	items	scored	on	a	5	point	Likert-scale,	of	which	10	

items	 make	 up	 the	 restrained	 eating	 subscale.	 An	 example	 of	 an	 eating	

restraint	item	is	“when	you	have	eaten	too	much,	do	you	eat	less	than	usual	

the	next	 day?”	 Internal	 consistency	 and	 reliability	 of	 the	 restrained	eating	

subscale	 is	 good	 (Banasiak,	 Wertheim,	 Koerner,	 &	 Voudouris,	 2001;	 van	

Strien	et	al.,	1986).		

	

Barratt	 impulsivity	questionnaire:	To	ensure	that	the	groups	were	matched	

on	 impulsivity,	 the	 Barratt	 Impulsivity	 Scale	 (BIS-11;	 Patton,	 Stanford,	 &	

Barratt,	 1995)	was	 used	 to	measure	 impulsivity.	 The	 BIS-11	 consists	 of	 30	

items	 scored	 on	 a	 4	 point	 Likert-scale,	 with	 higher	 scores	 indicating	

impulsivity.	The	total	BIS	score	is	derived	from	scores	on	three	subscales	(1)	

attentional	 impulsiveness,	 (2)	 motor	 impulsiveness	 and	 (3)	 nonplanning	

impulsiveness.	 The	 BIS	 has	 good	 internal	 consistency	 and	 test–retest	

reliability	(Stanford	et	al.,	2009).	
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Fig. 1.	Procedure.	 Participants	 learned	 the	 relationships	 between	 two	 keys	 and	
chocolate	 Smarties	 and	 popcorn	 outcomes.	 They	 then	 learned	 the	 relationships	
between	four	Pavlovian	cues	and	popcorn,	Smarties,	cashew	nuts	and	no-outcome.	
During	a	10-minute	TV	watching	phase,	half	the	participants	were	asked	to	eat	100 g	
of	either	popcorn	or	 Smarties.	 The	order	of	 the	non-cued	 test	and	cued	 test	were	
counterbalanced	across	participants.	In	both	tests	participants	were	instructed	to	try	
and	win	popcorn	and/or	Smarties.	 In	the	cued	test,	Pavlovian	cues	were	presented	
on	the	screen	(participants	were	told	they	could	ignore	them).	
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Stop	signal	reaction	time	task:	To	ensure	that	the	groups	were	matched	on	

response	 inhibition,	 the	 stop	 signal	 reaction	 time	 (SSRT)	 task	 detailed	 by	

Logan,	 Schachar,	 and	 Tannock	 (1997)	 was	 used,	 with	 the	 only	 difference	

being	that	our	task	version	consisted	of	four	blocks	of	64	trials.	As	usual,	a	

staircase-tracking	procedure	was	used	to	ensure	that	participants	were	able	

to	inhibit	on	approximately	50%	of	trials.	Following	successful	stopping	the	

stop	 signal	 delay	was	 increased	 by	 50 ms,	whereas	 following	 unsuccessful	

stopping	 the	delay	was	decreased	by	50 ms.	Longer	SSRTs	 indicate	greater	

difficulty	to	inhibit	one's	responses.	

	

Procedure:	 At	 the	 start	 of	 the	 experiment,	 participants	 were	 asked	 to	

sample	each	of	the	three	foods	used	 in	the	experiment	and	to	rate	on	the	

Likert	scales	how	much	they	desired	to	eat	each	food	(T1).	Two	small	bowls	

containing	 Smarties	 and	 popcorn	 were	 placed	 to	 the	 side	 of	 the	 laptop	

corresponding	 to	 the	 non-dominant	 hand.	 The	 Smarties	 bowl	 was	 always	

placed	closest	to	the	participant.	

	

Participants	then	completed	the	instrumental	training	phase	of	the	PIT	Task,	

in	 which	 they	 could	 earn	 popcorn	 and	 chocolate	 Smarties.	 Upon	

presentation	 of	 a	 white	 box	 in	 the	 center	 of	 the	 screen	 (the	 availability	

window),	participants	could	press	on	two	keyboard	keys	(the	‘I’	and	‘[’	keys)	

using	 one	 finger	 of	 their	 dominant	 hand.	 One	 of	 these	 two	 keys	 was	

assigned	 to	 popcorn	 and	 the	 other	 to	 chocolate	 Smarties.	 This	 response–

outcome	 relationship	 was	 counterbalanced	 across	 participants.	 On	 each	

trial,	participants	were	 instructed	that	only	one	of	 the	 two	 food	outcomes	

would	 be	 available	 and	 that	 they	 would	 have	 to	 work	 out	 which	 food	

outcome	that	was	by	trial	and	error.	They	were	told	to	continue	trying	both	

keys	until	they	won	something	–	as	would	be	evidenced	by	the	appearance	
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of	either	a	popcorn	or	Smarties	image	on	the	screen.	Participants	were	told	

that	 they	should	 try	and	 learn	 the	 relationships	between	the	keys	and	 the	

food	 outcomes	 and	 that	 occasionally	 they	 would	 be	 tested	 on	 what	 they	

had	 learned.	 A	 variable	 ratio	 schedule	 of	 10,	 between	 five	 and	 15	 key	

presses,	 determined	 the	 amount	 of	 specific	 key	 presses	 needed	 for	 the	

image	of	the	food	outcome	available	on	that	trial	to	appear.	The	food	image	

remained	on	the	screen	for	1 s	and	the	ITI	was	1.5 s.	Every	fourth	time	that	a	

specific	 food	 image	was	presented,	 there	was	also	a	 ‘ding’	sound	signaling	

that	 the	 participant	 should	 take	 one	 piece	 of	 that	 food	 (either	 a	 piece	 of	

popcorn	 or	 a	 chocolate	 Smarties)	 using	 their	 non-dominant	 hand	 and	

consume	 it	 immediately.	 In	 order	 to	 allow	 the	 participants	 time	 for	 the	

consumption	of	 the	 food	outcome,	 the	 ITI	was	6 s	after	 ‘eating’	 trials.	 The	
instrumental	 training	 phase	 consisted	 of	 four	 blocks	 in	 which	 the	 two	

different	food	outcomes	were	both	available	three	times,	 in	random	order	

(24	trials	in	total).	At	the	end	of	the	second	and	fourth	instrumental	blocks,	

a	block	of	four	instrumental	query	trials	was	inserted	to	test	the	participants	

on	their	knowledge	of	the	relation	between	the	two	keys	and	the	two	food	

outcomes.	On	each	query	trial	a	picture	of	either	popcorn	or	Smarties	was	

presented,	 upon	 which	 the	 participant	 was	 asked	 to	 press	 the	 key	 that	

previously	 yielded	 that	 food	 outcome	 (thus	 testing	 response–outcome	

knowledge).	 As	 soon	 as	 participants	 had	 pressed	 a	 key,	 they	 received	

feedback	 on	 their	 choice	 by	 presentation	 of	 the	 words	 ‘correct’	 or	

‘incorrect’	for	2 s,	which	was	followed	by	a	0.5-s	ITI.	Each	food	outcome	was	

presented	twice	in	random	order	during	each	query	block.	

	

Following	 the	 instrumental	 training	 phase,	 a	 bowl	 of	 cashew	 nuts	 was	

placed	 between	 the	 two	 other	 bowls,	 for	 the	 Pavlovian	 training	 phase.	

Pavlovian	 training	 involved	 learning	 the	 relationships	 between	 four	
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Pavlovian	cues	(black	and	white	patterns)	and	four	different	food	outcomes	

(popcorn,	 Smarties,	 cashew	 nuts,	 or	 no-outcome).	 The	 relationships	

between	 the	 Pavlovian	 cues	 and	 outcomes	 were	 counterbalanced	 across	

participants.	 During	 this	 training	 phase,	 participants	 passively	 viewed	 the	

screen	and	were	not	required	to	make	any	responses.	They	were	told	that	

they	 should	 pay	 attention	 because	 they	 would	 be	 occasionally	 tested	 on	

their	 knowledge	 of	 the	 relationships	 between	 the	 patterns	 and	 the	 food	

outcomes.	During	each	trial,	one	of	the	four	Pavlovian	cues	was	presented	

for	 2 s,	 and	was	 then	 overlaid	with	 the	 picture	 of	 the	 food	 (or	 “nothing”)	
outcome	 for	 1 s.	 The	 ITI	 was	 1.5 s.	 Every	 fourth	 time	 that	 a	 specific	 food	

outcome	picture	was	presented,	there	was	also	a	‘ding’	sound	signaling	that	

during	the	subsequent	6-s	ITI	the	participant	should	consume	a	piece	of	that	

food.	 The	 Pavlovian	 training	 phase	 contained	 four	 blocks,	 during	 each	 of	

which	 the	 four	 cues	 were	 presented	 twice	 in	 random	 order	 (32	 trials	 in	

total).	At	the	end	of	the	second	and	fourth	block,	a	block	of	four	Pavlovian	

query	trials	was	inserted	to	test	the	participants	on	their	knowledge	of	the	

cue–outcome	contingencies.	On	each	query	trial,	one	of	the	Pavlovian	cues	

was	presented,	upon	which	the	participant	had	to	use	the	mouse	to	select	

the	picture	of	the	outcome	that	had	followed	this	cue.	Participants	received	

feedback	by	presentation	of	 the	words	 ‘correct’	or	 ‘incorrect’	 for	2 s	along	
with	the	image	of	the	correct	food	outcome	that	had	been	signaled	by	the	

cue.	

Following	 these	 training	phases,	 participants	 filled	 in	 the	hunger	 and	 food	

wanting	 ratings	 for	 the	 second	 time	 (T2)	and	were	guided	 to	 the	TV-room	

for	 the	satiation	manipulation.	 For	participants	 in	 the	 satiation	conditions,	

there	 was	 a	 bowl	 filled	 with	 100 g	 of	 either	 salted	 popcorn	 or	 chocolate	
Smarties	on	the	table	next	to	the	chair.	These	participants	were	asked	to	try	

and	eat	the	whole	bowl	while	watching	the	TV	show.	There	were	no	snacks	
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for	 the	 participants	 in	 the	 no-satiation	 group.	 As	 the	 show	 began,	 the	

experimenter	 left	 the	 room.	 After	 returning	 to	 the	 main	 room,	 the	

participants	completed	the	hunger	and	food	wanting	ratings	again	(T3)	and	

rated	how	much	they	enjoyed	watching	the	show.	

Participants	then	performed	the	test	phase	of	the	PIT	task	during	which	they	

were	 free	 to	 respond	 on	 the	 popcorn	 and	 Smarties	 keys	 as	 often	 as	 they	

liked	in	order	to	win	these	food	outcomes.	No	food	was	in	sight	during	this	

phase	of	the	task.	During	the	non-cued	test,	we	assessed	choice	behavior	in	

the	absence	of	Pavlovian	cues	to	see	whether	participants	would	respond	in	

a	 goal-directed	manner	 (i.e.	 try	 to	win	 food	 outcomes	 they	 had	 not	 been	

sated	on).	During	 the	 cued	 test,	we	 assessed	whether	 presentation	of	 the	

different	 Pavlovian	 cues	 would	 bias	 responding	 on	 different	 keys	 and	

influence	 vigor	 of	 responding.	 The	 order	 of	 the	 two	 tests	 was	

counterbalanced	 across	 participants,	with	 a	 pause	between	 the	 two	 tests.	

At	the	beginning	of	the	test	phase	participants	received	the	instruction	that	

the	white	box	would	be	presented	on	the	screen	for	3 s	and	that	during	this	
time	(the	availability	window)	they	could	push	on	either	key	as	often	as	they	

liked	in	order	to	win	popcorn	or	chocolate	Smarties.	They	were	told	that,	as	

before,	only	one	of	the	two	food	outcomes	would	be	available	on	each	trial	

but	 that	 this	 time	 they	would	not	be	 told	after	each	 trial	which	 food	 they	

had	won.	 Instead	 they	would	 find	out	 at	 the	 end	of	 the	phase	how	many	

Smarties	 or	 pieces	 of	 popcorn	 they	 had	 earned	 and	 they	 would	 then	 eat	

these,	 while	 they	 filled	 in	 questionnaires	 (nominal	 extinction).	 After	

receiving	 these	 instructions	 participants	 received	 two	 demo	 trials.	 During	

these	trials	participants	could	press	either	key	as	often	as	they	liked	during	

the	 3-s	 presentation	 of	 the	 white	 box	 (in	 order	 to	 win	 popcorn	 and	

Smarties).	The	ITI	was	1 s.	After	the	demo	trials	they	were	asked	to	confirm	

that	 they	 understood	 the	 instructions.	 The	 non-cued	 test	 was	 exactly	 the	
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same	 as	 the	 demo	 trials	 and	 consisted	 of	 10	 trials.	 Before	 the	 cued	 test	

began,	 participants	 were	 given	 the	 additional	 instruction	 that	 they	 would	

occasionally	see	patterns	appear	on	the	screen	but	that	they	should	ignore	

these	 and	 pay	 attention	 to	 the	 white	 box	 signaling	 that	 they	 had	 3 s	
available	to	respond	in	order	to	win	popcorn	or	Smarties.	During	cued	test	

trials,	 one	 of	 the	 Pavlovian	 cues	 was	 presented	 for	 3 s,	 overlaid	 with	 the	
white	 ‘availability	window’	box	 (see	Fig. 1).	The	cued	 test	 consisted	of	 five	
blocks	 with	 two	 presentations	 of	 each	 of	 the	 Pavlovian	 cues,	 in	 random	

order	(40	trials	in	total).	The	number	of	presses	on	each	key	was	recorded,	

as	was	 the	 RT	 of	 the	 first	 key	 press.	 Finally,	 after	 the	 two	 tests	 had	 been	

completed,	 a	 block	 of	 four	 instrumental	 query	 trials	 tested	 whether	 the	

participants	 had	 remembered	 the	 instrumental	 response–outcome	

relationships	 from	 the	 instrumental	 training	 session.	 The	 timings	were	 the	

same	as	has	been	reported	previously,	but	the	participants	did	not	receive	

feedback	on	these	query	trials.	

Finally,	participants	performed	the	SSRT	task	and	completed	the	DEBQ	and	

BIS	 questionnaires.	 Weight	 and	 height	 were	 then	 measured	 and	 BMI	

calculated.	

	

3. Results	

Participants:	 In	 total,	 13	participants	were	 excluded	 from	 the	 analysis	 (six	

from	the	no-satiation	group,	two	from	the	popcorn-satiation	group	and	five	

from	the	Smarties-satiation	group).	Six	were	excluded	because	they	scored	

at	 or	 below	 50%	 chance	 level	 on	 the	 final	 instrumental	 query	 trials,	

indicating	 that	 they	 had	 failed	 to	 learn	 about	 the	 response–outcome	

contingencies	 between	 the	 two	 response	 keys	 and	 the	 popcorn	 and	

Smarties	outcomes.	Five	other	participants	were	excluded	because	they	did	

not	 push	 any	 keys	 in	 at	 least	 25%	 of	 the	 cued	 test	 trials.	 One	 further	
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participant	 did	 not	 push	 any	 keys	 during	 the	 non-cued	 test	 and	 one	

participant	 reported	during	 testing	 that	 she	had	 a	 popcorn	 allergy.	Of	 the	

remaining	131	participants,	65	were	 in	the	no-satiation	condition,	32	were	

in	 the	 Smarties-satiation	 condition	 and	 34	 were	 in	 the	 popcorn-satiation	

condition.	One-way	ANOVAs	demonstrated	that	the	groups	did	not	differ	in	

age,	 BMI,	 impulsivity,	 restrained	 eating,	 SSRT,	 reported	 hunger	 and	 food	

wanting	ratings	at	T1,	or	reported	enjoyment	of	the	TV	show	(see	Table 1).	
	

	 Smartie	
Satiation	
(n=32)	

Popcorn	
Satiation	
(n=34)	

No	
Satiation	
(n=65)	

One-way	
ANOVA	
F(2,128)	

Age	(years)	 21.8	(2.5)		 21.9	(3.8)	 21.7	(2.7)	 <	1	
%	of	males	 28%	 26%	 22%	 	-		
BMI	 22.6	(3.5)	 22.9	(3.5)	 22.3	(3.2)	 <	1	
Hunger	T1	(%)	 62	(21)	 62	(18)	 60	(22)	 <	1	
Popcorn	wanting	T1(%)	 56	(24)	 66	(25)	 55	(26)	 =	2.0,	p	=	0.14	
Smartie	wanting	T1	(%)	 67	(21)	 66	(24)	 61	(25)	 <	1	
Cashew	wanting	T1	(%)	 53	(24)	 	56	(24)	 54	(24)	 <	1	
TV	clip	rating	(%)	 76	(25)	 83	(17)	 75	(19)	 =	1.92,	p	=	0.15	
BIS	Impulsivity	 67	(9)	 68	(11)	 66	(10)	 <	1	
DEBQ	restrained	eating	 2.8	(0.8)	 2.9	(0.9)	 2.6	(0.8)	 =	1.0,	p	=	0.20	
SSRT	(ms)	 212	(33)	 219	(37)	 216	(36)	 <	1	

	

Table	 1:	 Sample	 characteristics.	 Group	 means	 are	 displayed	 with	 standard	
deviations	in	brackets.	Groups	did	not	differ	significantly	on	any	relevant	dimensions	
at	 the	 beginning	 of	 the	 experiment.	 T1	 =	 time	 point	 1;	 BIS	 =	 Barratt	 Impulsivity	
Questionnaire;	 DEBQ	 =	 Dutch	 Eating	 Behavioral	 Questionnaire;	 SSRT	 =	 Stop	 Signal	
Reaction	Time.	
	

Satiation	manipulation:	During	 the	TV	watching	phase	of	 the	experiment,	

participants	in	the	Smarties-satiation	group	ate	on	average	71 g	of	chocolate	
Smarties	(SD:	28 g)	and	those	in	the	popcorn-satiation	group	ate	on	average	
41 g	of	popcorn	 (SD:	18 g).	The	 food	wanting	and	hunger	 ratings	 from	one	

participant	in	the	Smarties-satiation	group	were	missing.	For	the	remaining	
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participants,	 repeated	 measures	 ANOVA	 of	 the	 Smarties	 and	 popcorn	

wanting	 ratings	before	 versus	after	 the	 TV	watching	phase	 (T2	 versus	 T3),	

revealed	 a	 significant	 three-way	 interaction	 between	 food,	 time	 and	

satiation	group,	F(2,127) = 46.8,	MSE = 187.8,	p 	< 0.001.	Repeated	measures	

ANOVA	were,	therefore,	repeated	separately	for	the	three	satiation	groups.	

The	 analysis	 confirmed	 that	 the	 manipulation	 was	 successful	 and	 that	

participants	reported	reduced	wanting	ratings	for	the	specific	food	they	had	

been	 sated	 on.	 As	 can	 be	 seen	 in	 Fig. 2,	 participants	 in	 the	 no-satiation	
group	 reported	 no	 differences	 in	 food	 wanting	 ratings	 for	 popcorn	 or	

Smarties	 at	 either	 T2	 or	 T3	 (all	 Fs < 1.1,	 ps > 0.29).	 Participants	 in	 the	
Smarties-satiation	 group	 showed	 a	 significant	 time	 and	 food	 type	

interaction,	 F(1,30) = 18.2,	 MSE = 419.6,	 p < 0.001,	 Smarties	 were	 rated	

significantly	lower	than	popcorn	after	the	satiation	manipulation,	t(30) = 3.9,	
p < 0.001,	 but	 not	 before,	 t(30) = −0.80,	p = 0.43.	 Likewise	 for	 the	popcorn-
satiation	 group	 the	 interaction	was	 significant,	 F(1,33) = 51.8,	MSE = 191.6,	
p < 0.001,	after	the	manipulation	popcorn	was	rated	significantly	lower	than	

Smarties,	t(33) = −6.7,	p < 0.001,	but	not	before,	t(33) = 0.25,	p = 0.8.	
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Fig. 2.	Food-wanting	ratings.	Wanting	ratings	for	popcorn	and	Smarties	both	before	
and	after	the	TV	watching	(satiation)	phase.	Eating	popcorn	or	Smarties	resulted	in	a	
specific-satiety	effect.	*p < 0.001.	
	

Furthermore,	hunger	ratings	at	T3	(after	satiation)	were	significantly	 lower	

for	 participants	 who	 had	 been	 sated	 on	 either	 Smarties	 or	 popcorn	

(mean = 30%,	SD = 23%)	compared	with	the	no-satiation	group	(mean = 58%,	
SD = 22%;	t(128) = 7.1,	p < 0.001).	
	

Training	phases:	Average	accuracy	of	R-O	knowledge	was	99%	(SD = 0.04%)	
during	 the	 last	 block	 of	 instrumental	 training	 query	 trials	 and	 average	

accuracy	 of	 S-O	 knowledge	 was	 98%	 (SD = 0.09%)	 on	 the	 last	 block	 of	
Pavlovian	 training	 query	 trials.	 One-way	 ANOVA	 revealed	 no	 significant	

differences	 in	performance	between	the	three	satiation	groups	on	the	 last	

block	 of	 instrumental	 query	 trials,	 F(2,	 128) = 1.1,	 p = 0.34,	 nor	 on	 the	
Pavlovian	query	trials,	F < 1.	
	

Non-cued	test:	To	examine	Smarties	and	popcorn	choices	in	the	absence	of	

any	 Pavlovian	 cues,	 the	 mean	 percentage	 of	 Smarties	 presses	 was	
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calculated	(number	of	presses	on	the	Smarties	key	divided	by	total	number	

of	presses)	and	this	was	compared	between	the	three	groups	with	one-way	

ANOVA.	Participants	in	the	no-satiation	group	responded	about	50%	of	the	

time	on	the	Smarties	key	–	indicating	that	they	pushed	about	equally	often	

for	 popcorn	 and	 Smarties	 outcomes.	 As	 expected,	 participants	 in	 the	

popcorn	and	Smarties-satiation	groups	pushed	 less	 frequently	on	 the	keys	

for	the	food	outcomes	on	which	they	had	been	sated	(see	Fig. 3;	main	effect	

of	satiation	group,	F(2,128) = 6.7,	MSE = 197.4,	p 	= 0.002).	Participants	in	the	
Smarties-satiation	group	responded	significantly	less	often	for	Smarties	(and	

therefore	more	often	 for	 popcorn)	 compared	with	 the	no-satiation	 group,	

t(95) = 2.5,	 p 	 = 0.03.	 Likewise,	 participants	 in	 the	 popcorn-satiation	 group	
responded	 significantly	more	 often	 for	 Smarties	 (and	 therefore	 less	 often	

for	popcorn)	compared	with	the	no-satiation	group,	t(97) = 2.0,	p = 0.04.	

	
Fig. 3.	Non-cued	 test.	 In	 the	 absence	 of	 Pavlovian	 cues	 participants	 showed	 goal-
directed	behavior	by	responding	less	often	for	the	food	that	they	had	been	sated	on.	
The	horizontal	axis	crosses	at	50%	–	representing	equal	responding	on	the	Smarties	
and	popcorn	keys.	Values	above	this	line	indicate	more	responding	on	the	Smarties	
key	 and	 values	 below	more	 responding	 on	 the	 popcorn	 key.	 Error	 bars	 represent	
standard	error	of	the	mean.	*p < 0.05.	
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Cued	 test	–	outcome	specific	PIT:	 To	examine	whether	 the	Pavlovian	cues	

would	 bias	 responding	 for	 particular	 food	 outcomes,	 repeated-measures	

ANOVA	 was	 used	 to	 compare	 the	 mean	 percentage	 of	 Smarties	 presses	

across	the	four	different	trial	types	(trials	with	the	Pavlovian	cue	associated	

with	either	popcorn,	Smarties,	cashew	nuts	or	no	food-outcome).	First	of	all,	

as	 can	 be	 seen	 in	 Fig. 4,	 all	 three	 groups	 showed	 evidence	 for	 outcome-

specific	 transfer,	 in	 that	 the	 Pavlovian	 cues	 biased	 responding	 toward	 the	

signaled	outcome.	In	line	with	this	observation,	statistical	analysis	yielded	a	

main	 effect	 of	 trial	 type,	 F(3,384) = 117.6,	MSE	 =518.6,	 p < 0.001,	 but	 no	
interaction	 between	 this	 factor	 and	 satiation	 group,	 F(6,384) = 1.7,	
MSE = 518.6,	p = 0.14.	As	can	be	seen	in	Fig. 4,	during	trials	when	the	cue	for	
either	 cashew	 nuts	 or	 no-outcome	 was	 shown,	 participants	 in	 all	 three	

groups	pushed	about	equally	often	on	the	two	keys	(on	average	50%	on	the	

Smarties	key).	When	 the	cue	 for	Smarties	was	 shown,	participants	pushed	

significantly	 more	 frequently	 on	 the	 Smarties	 key	 (on	 average	 ~80%)	

compared	 with	 the	 no-outcome	 and	 nut	 cues,	 ts(130) = 10.2	 an	 11.9,	
ps < 0.001.	 In	 contrast,	when	 the	 cue	 for	popcorn	was	 shown,	participants	
pushed	significantly	less	frequently	on	the	Smarties	key	(on	average	~20%),	

compared	 with	 the	 no-outcome	 and	 nut	 cues,	 ts(130) = −10.7	 and	 −10.5,	
ps < 0.001.	 Those	 results	 of	 the	 t-tests	 were	 replicated	 in	 three	 separate	
group	 analyses	 (with	 t-values	 between	 3.73	 and	 9.06,	 and	 all	 ps ≤ 0.001).



 

 

	

	
	

Fig. 4.	Cued	test	–	Outcome-specific	transfer.	Pavlovian	cues	that	had	previously	been	paired	with	Smarties	and	popcorn	biased	
responding	 for	 those	 outcomes	 (outcome-specific	 transfer).	 Fifty	 percent	 represents	 equal	 responding	 on	 the	 Smarties	 and	
popcorn	keys.	Values	above	this	 line	 indicate	more	responding	on	the	Smarties	key	and	values	below	more	responding	on	the	
popcorn	key.	The	data	are	shown	separately	for	the	three	groups.	*p < 0.001.	



 

 

Although	the	analysis	failed	to	yield	evidence	for	motivational	modulation	of	

the	 outcome-specific	 PIT	 effect,	 the	 ANOVA	 did	 reveal	 a	 main	 effect	 of	

satiation	group,	F(2,128) = 7.7,	MSE = 547.7,	p 	 = 0.001.	 It	 seems,	 therefore,	

that	during	the	transfer	test	participants	still	showed	evidence	for	a	specific	

reduction	 in	 responding	 for	 the	 food	 they	 had	been	 sated	 on.	 Separate	 t-

tests	confirmed	that	participants	in	the	Smarties-satiation	group	pushed	the	

Smarties	 key	 significantly	 less	 often	 overall	 than	 the	 no-satiation	 group,	

t(95) = 2.0,	 p 	 = 0.046.	 Participants	 in	 the	 popcorn-satiation	 group,	 on	 the	
other	hand,	pushed	 the	 Smarties	 key	 significantly	more	often	overall	 than	

the	no-satiation	group,	t(97) = 2.7,	p = 0.007.	
	

To	further	explore	the	lack	of	motivational	modulation	of	the	transfer	effect	

in	 the	 satiation	 groups	 with	 a	 more	 in-depth	 analysis,	 we	 calculated	 the	

percentage	 of	 presses	 on	 the	 valuable	 key	when	 the	 cue	 for	 the	 valuable	

reward	was	 shown	 (mean = 82%;	 SD = 17%).	 A	 t-test	 showed	 that	 this	was	
significantly	 greater	 than	 the	 percentage	 of	 presses	 on	 the	 devalued	 key	

when	the	cue	for	the	devalued	reward	was	shown	(mean = 68%,	SD = 27%),	t	
(65) = 3.94,	 p < 	 0.0001,	 suggesting	 that	 indeed	 satiation	 did	 play	 a	 role	 in	
overall	 key	choice.	This	 finding,	however,	 is	 to	be	expected,	given	 that	we	

found	a	difference	between	the	groups	in	baseline	responding	for	valuable	

versus	 devalued	 rewards.	 As	 a	 more	 sensitive	 analysis,	 therefore,	 we	

examined	whether	 satiation	modulated	 the	 ability	 of	 the	 cue	 to	 augment	

responding	 above	 baseline	 response	 rates	 for	 valuable	 and	 devalued	

outcomes.	To	this	end	we	first	calculated	a	baseline	measure	of	responding	

by	 taking	 the	mean	 response	 rates	during	 the	nuts	and	no	outcome	 trials.	

During	these	trials,	mean	responding	on	the	valuable	and	devalued	keys	was	

54%	and	46%	(SD = 18%).	We	then	subtracted	these	baseline	response	rates	

from	the	percentage	of	presses	on	the	valuable	or	devalued	keys	when	the	
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cues	 for	 these	 outcomes	 were	 signaled.	 These	 difference	 scores	 are	

depicted	 in	 Fig. 5.	 Importantly,	 the	 difference	 score	 for	 still-valuable	

outcomes	 was	 not	 different	 than	 that	 for	 the	 devalued	 outcomes,	 t	

(65) = 1.05,	 p 	 = 0.30.	 Therefore,	 the	 ability	 of	 the	 cues	 to	 augment	

responding	 for	 the	 signaled	 outcome	 (i.e.	 the	 outcome-specific	 transfer	

effect),	was	not	diminished	by	satiation.	

	

Fig. 5.	Cued	 test	 –	 Effect	 of	 satiation	 on	 outcome-specific	 transfer.	 Plotted	 in	 this	
graph	 are	 difference	 scores	 that	 highlight	 the	 extent	 to	 which	 Pavlovian	 cues	 for	
valuable	 versus	 devalued	 outcomes	 augmented	 responding	 for	 that	 outcome	over	
and	 above	 the	 baseline	 percentage	 of	 responding	 (which	 was	 the	 average	
percentage	of	responding	for	those	outcomes	during	the	no-outcome	and	nut	cues).	
These	difference	scores	did	not	differ	significantly,	indicating	that	satiation	failed	to	
reduce	the	outcome-specific	transfer	effect.	
	

Cued	test	–	general	PIT:	General	PIT	was	examined	by	comparing	the	vigor	

of	 responding	 on	 trials	 during	which	 the	 Pavlovian	 cue	 that	 signaled	 nuts	

was	 presented	 with	 trials	 in	 which	 the	 Pavlovian	 cue	 that	 signaled	 no-

outcome	 was	 presented.	 To	 this	 end,	 we	 calculated	 the	 average	 total	

number	of	key	presses	on	each	trial	with	the	nuts	versus	no-outcome	cue,	
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collapsed	across	both	response	keys.	In	line	with	our	hypothesis,	we	found	

that	 participants	 pushed	 more	 vigorously	 when	 the	 nut	 cue	 was	 shown	

(mean	of	9.7	key	presses	per	trial,	SD:	3.5)	compared	with	the	no-outcome	

condition	(mean	9.4	key	presses	per	trial,	SD:	3.6).	Although	the	difference	

in	 vigor	 was	 numerically	 small,	 repeated	 measures	 ANOVA	 revealed	 that	

this	 was	 significant,	 F(1,128) = 6.88,	MSE = 0.748,	 p = 0.01.	 Therefore,	 our	
results	provide	evidence	for	the	general	motivating	effect	of	Pavlovian	cues	

on	instrumental	responding.	

	

Although	we	did	not	pre-feed	the	general	food	outcome	(cashew	nuts),	the	

general	 PIT	 effect	 could	 still	 be	 attenuated	 by	 reduced	 hunger	 in	 the	

satiation	 groups	 relative	 to	 the	 no-satiation	 group.	 The	 ANOVA	 did	 not	

provide	support	for	this	possibility	as	there	was	no	main	effect	of	satiation	

group	 (F < 1)	 nor	 an	 interaction	 between	 cue	 and	 satiation	 group,	
F(2,128) = 1.14,	MSE = 0.748,	 p 	 = 0.33.	 As	 there	 was	 substantial	 individual	
variability	in	the	reduction	of	hunger	in	the	(popcorn	and	Smarties)	satiation	

groups,	we	 ran	an	exploratory	 correlation	between	 reported	hunger	 at	 T3	

and	 the	 general	 PIT	 effect	 (difference	 score	 for	 total	 number	 of	 presses	

during	the	nut	cue	minus	no-outcome	cue)	for	participants	 in	the	satiation	

groups.	 A	 significant	 positive	 correlation,	 r	 (63) = 0.26,	p = 	 0.036,	 provides	
preliminary	 evidence	 that	 satiation	 did	 attenuate	 the	 general	 motivating	

effect	 of	 the	 cashew	 nut	 cue	 on	 response	 vigor.	 By	 comparison,	 no	 such	

relationship	was	observed	between	hunger	at	T3	and	the	magnitude	of	the	

outcome-specific	transfer	effect	e.g.	the	mean	percentage	of	responding	on	

the	popcorn	key	during	trials	when	popcorn	was	signaled	and	responding	on	

the	 Smarties	 key	 during	 trials	 when	 Smarties	 were	 signaled,	 r	 (63) = 0.20,	
p = 0.12.	
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Individual	differences	–	exploratory	analyses:	One	previous	study	with	food	

rewards	 reported	 a	 negative	 correlation	 between	 motor	 impulsivity	 (as	

measured	 with	 the	 BIS)	 and	 the	 reduction	 in	 responding	 for	 a	 devalued	

reward	(relative	to	a	pre-satiation	baseline	phase;	Hogarth,	Chase,	&	Baess,	

2012).	 To	 investigate	whether	we	would	observe	a	 similar	 relationship	we	

correlated	 the	 percentage	 of	 responses	 for	 the	 devalued	 food	 outcome	

during	 the	 non-cued	 test,	 with	 the	 BIS	motor	 impulsivity	 score.	 However,	

this	 correlation	 was	 not	 significant	 (r	 (64) = −0.185,	 p 	 = 0.14).	 Across	 all	
participants,	 we	 also	 examined	 whether	 motor	 impulsivity	 and	 the	 SSRT	

would	correlate	with	the	magnitude	of	the	outcome-specific	transfer	effect.	

We	 therefore	 calculated	 the	 mean	 percentage	 of	 responding	 on	 the	

popcorn	key	during	trials	when	popcorn	was	signaled	and	responding	on	the	

Smarties	 key	 during	 trials	 when	 Smarties	 were	 signaled.	 However,	 this	

measure	 of	 outcome-specific	 transfer	 did	 not	 correlate	 with	 motor-

impulsivity	(r	(129) = −0.05,	p = 0.56)	or	SSRT	(r	(129) = 0.01,	p = 0.90).	
	

Although	 the	 participants	 were	 drawn	 from	 a	 student	 population	 with	

relatively	 homogenous	BMI,	we	 sought	 to	 explore	whether	 there	was	 any	

relationship	between	BMI	and	 responding	 for	 food	 rewards.	There	was	no	

correlation	between	BMI	and	the	percentage	of	responses	for	the	devalued	

food	reward	during	the	non-cued	test,	r	 (64) = 0.004,	p = 0.98.	The	strength	
of	 the	outcome-specific	 transfer	effect	was	also	not	correlated	with	BMI,	r	

(129) = −0.153,	p 	= 0.08.	Finally,	we	examined	whether	the	magnitude	of	the	

general	PIT	effect	 (difference	score	 for	 total	number	of	presses	during	 the	

nut	 cue	minus	 no-outcome	 cue)	would	 correlate	with	BMI	 –	 however	 this	

was	also	not	significant,	r	(129) = −0.051,	p = 0.56.	
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4. Discussion	

This	 study	 demonstrates	 that	 Pavlovian	 cues	 can	 interfere	 with	 goal-

directed	 action	 in	 the	 domain	 of	 food	 seeking.	 When	 participants	 were	

tested	in	the	absence	of	any	cues,	satiation	on	a	specific	food	reward	led	to	

preferential	responding	for	the	other,	still	desirable,	food	reward.	However,	

the	presentation	of	food-associated	cues	biased	choice	toward	the	signaled	

food	 rewards	 even	 when	 the	 current	 desirability	 of	 that	 food	 had	 been	

reduced	through	specific	 satiety.	 In	other	words,	 satiation	 failed	 to	 reduce	

cue-elicited	 food	 seeking.	 We	 propose,	 therefore,	 that	 outcome-specific	

Pavlovian-instrumental	 transfer	 contributes	 to	 excessive	 food-motivated	

behaviors	 in	 our	 obesogenic	 environment	 in	 which	 cues	 –	 such	 as	

advertisements	 –	 constantly	 remind	 us	 of	 the	 availability	 of	 food.	 To	

consider	our	real-life	example,	seeing	the	golden	arches	of	McDonald's	may	

trigger	a	trip	to	McDonald's,	even	when	we	are	already	fully	sated.	

Our	 findings	 support	 the	 idea	 that	 Pavlovian	 cues	 can	 conflict	 with	 goal-

directed	action	by	biasing	responding	toward	an	associated	outcome	via	an	

S-O-R	 associative	 chain.	 In	 line	 with	 previous	 PIT	 studies,	 this	 absence	 of	

flexible	motivational	modulation	of	cue-elicited	behavior	was	observed	even	

after	only	limited	training	(Hogarth,	2012	and	Hogarth,	Chase,	2011;	but	see	

for	 a	 notable	 exception,	 Allman	 et	al.,	 2010).	 In	 that	 sense,	 Pavlovian-

instrumental	 interactions	 do	 not	 appear	 to	 correspond	 with	 habits	 that	

result	 from	extensive	behavioral	 repetition.	 Indeed,	 the	stimulus–response	

(S-R)	reinforcement	mechanism	that	is	commonly	thought	to	underlie	such	

gradual	habit	formation	is	fundamentally	different	from	that	mediating	PIT,	

in	 that	 the	 habitual	 response	 is	 thought	 to	 be	 elicited	 directly	 by	

environmental	stimuli	through	a	S-R	association	(Adams,	1982;	S.	de	Wit	&	

Dickinson,	2009;	Neal,	Wood,	&	Quinn,	2006;	van’t	Riet,	Sijtsema,	Dagevos,	

&	 De	 Bruijn,	 2011).	 The	 role	 of	 habitual,	 repetitive	 behavioral	 patterns	 in	
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everyday	eating	behaviors	has	been	well	documented	(see	for	review:	van’t	

Riet	 et	al.,	 2011)	 and	 although	 the	 different	 roles	 of	 PIT	 and	 S-R	 habits	 in	

inflexible	 food-motivated	 behaviors	 remain	 to	 be	 determined,	 the	 current	

findings	point	 to	 the	pervasive	 influence	 that	environmental	 cues	have	on	

our	ability	to	act	in	line	with	current	needs	and	desires.	Whereas	S-R	habits	

may	 require	extensive	 repetition	 to	be	evoked	by	 certain	 stimuli,	 it	 seems	

that	 PIT	 provides	 a	 mechanism	 whereby	 these	 behaviors	 can	 readily	

generalize	 to	 cues	 and	 contexts	 that	 are	 associated	 with	 the	 same	 food	

rewards.	 For	 example,	 the	 S-R	 mechanism	 may	 readily	 account	 for	 the	

gradual	 formation	 of	 the	 habit	 of	 visiting	 McDonald's	 upon	 seeing	 the	

golden	 arches,	 but	 the	 PIT	 mechanism	 can	 explain	 that	 this	 habit	 then	

transfers	to	other	McDonald's	commercials	or	other	situations	in	which	one	

is	reminded	of	the	cheeseburgers.	A	related	issue	that	deserves	attention	is	

the	 potentially	 differential	 effects	 of	 discrete	 versus	 more	 general	

contextual	 cues	 on	 the	motivational	modulation	of	 instrumental	 behavior.	

Whereas	most	animal	over-training	studies	have	examined	habit	formation	

against	 a	 consistent	 contextual	 background,	 PIT	 studies	 –	 including	 the	

present	 one	 –	 usually	 adopt	 discrete	 stimuli	 to	 signal	 the	 instrumental	

outcome.	

	

Dual-process	 models	 are	 influential	 in	 the	 decision-making	 and	 addiction	

literature	(Balleine	et	al.,	2008;	Clark,	Hollon,	&	Phillips,	2012;	Dayan	et	al.,	

2006;	S.	de	Wit	&	Dickinson,	2009;	Everitt	et	al.,	2001;	R.	W.	Wiers	&	Stacy,	

2006).	 Some	 dual-process	 models	 propose	 that	 both	 goal-directed	 and	

habitual	 “controllers”	 operate	 in	 parallel,	 summing	 together	 to	 determine	

the	 final	 course	 of	 action	 (Dickinson,	 Balleine,	Watt,	 Gonzalez,	 &	 Boakes,	

1995;	Hogarth	&	Chase,	2011;	Hogarth	et	al.,	2012;	Huys	et	al.,	2011).	In	this	

way,	freely	elected	behavior	is	goal-directed,	but	reward-associated	cues	in	
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the	 environment	 can	 elicit	 reward	 seeking	 that	 is	 independent	 of	 the	

current	desirability	of	the	outcome.	Indeed	in	the	current	study,	participants	

demonstrated	 that	 they	 were	 perfectly	 well	 capable	 of	 directing	 their	

actions	away	from	food	rewards	that	they	had	been	sated	on	but	the	effect	

of	 food-associated	 cues	 on	 instrumental	 choice	was	 insensitive	 to	 satiety.	

Even	 though	 this	 outcome-specific	 transfer	 effect	 was	 not	 attenuated	 by	

satiety,	 participants	 still	 showed	 evidence	 for	 a	 specific	 reduction	 in	

responding	for	the	food	they	had	been	sated	on,	when	collapsing	across	all	

trial	types	in	the	cued	test.	The	fact	that	these	two	effects	did	not	interact	

with	one	another	is	in	line	with	suggestions	that	these	mechanisms	operate	

in	 an	 additive	 manner	 (Dickinson	 et	 al,	 1995,	 Hogarth,	 2012,	 Hogarth	 &	

Chase,	2011,	Huys	et	al,	2011).	

	

This	 is	 the	 first	human	study	 to	examine	 the	general	 transfer	effect	within	

the	context	of	a	 food	satiety	manipulation.	We	replicated	previous	studies	

showing	general	transfer	in	humans	(Nadler	et	al,	2011,	Prévost	et	al,	2012)	

by	 demonstrating	 that	 compared	with	 a	 baseline	 (no-outcome)	 condition,	

anticipation	of	cashew	nuts	increased	the	vigor	of	responding	for	other	food	

outcomes.	As	discussed	in	the	introduction,	on	the	basis	of	a	previous	study	

in	animals,	we	expected	that	satiation	would	abolish	general	transfer	(Corbit	

et	al.,	 2007).	 However,	 although	 the	 satiation	manipulation	 in	 the	 current	

study	was	effective	in	reducing	hunger	ratings	overall	in	the	groups	who	had	

been	sated	(on	Smarties	and	popcorn)	relative	to	the	non-sated	group,	we	

failed	 to	 find	 evidence	 for	 an	 attenuation	 of	 the	 general	 PIT	 effect.	 An	

exploratory	 analysis	 did	 reveal,	 however,	 that	 the	 substantial	 individual	

variability	 in	 the	 success	 of	 the	 satiation	manipulation	 in	 reducing	 hunger	

was	 related	 to	 the	 size	 of	 this	 transfer	 effect:	 in	 line	with	 our	 hypothesis,	

participants	 who	 reported	 lower	 hunger	 levels	 also	 showed	 a	 weaker	
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general	 PIT	 effect.	 It	 appears,	 therefore,	 that	 –	 in	 contrast	 to	 outcome-

specific	PIT	–	the	general	motivating	effect	of	Pavlovian	cues	on	the	vigor	of	

food-motivated	behavior	is	sensitive	to	motivational	state.	We	propose	that	

future	 studies	 should	 further	 investigate	 these	 different	 sensitivities	 of	

outcome-specific	 and	 general	 PIT	 to	 motivation.	 To	 reduce	 individual	

variability	 in	 hunger,	 these	 studies	 could	 extend	 the	 duration	 of	 the	

satiation	phase	or	ask	participants	to	eat	a	fixed,	 large	amount	of	the	food	

rewards.	 Conversely,	 to	 achieve	 high	 levels	 of	 hunger	 in	 the	 non-sated	

group,	 participants	 could	 be	 asked	 to	 not	 eat	 for	more	 than	 just	 2	 hours	

preceding	 the	 experiment.	 Finally,	 it	 should	 be	 noted	 that	 although	 the	

general	 PIT	 effect	 was	 statistically	 reliable	 in	 our	 study,	 the	 size	 was	

numerically	 rather	 small.	 It	 is	 possible	 that	 employing	 a	 palatable	 food	

reward	 other	 than	 cashew	 nuts	 would	 lead	 to	 a	 stronger	 effect.	

Furthermore,	 future	 studies	 that	 focus	 on	 comparing	 motivational	

modulation	of	outcome-specific	and	general	PIT	should	counterbalance	the	

assignment	of	different	food	types	to	these	conditions.	

	

The	 PIT	 effect	 was	 originally	 discovered	 by	 animal	 researchers,	 but	 the	

present	 study	 adds	 to	 recent	 evidence	 that	 this	mechanism	 also	 plays	 an	

important	 role	 in	 human	 behavior.	 However,	 such	 translational	 research	

into	 the	 role	 of	 associative	 learning	mechanisms	 in	 human	 behavior	 does	

pose	 certain	 challenges.	 It	 is	 difficult,	 if	 not	 impossible,	 to	 rule	 out	 the	

possibility	that	participants	use	explicit	strategies	when	making	decisions	on	

how	 to	 respond	 during	 the	 transfer	 test.	 However,	 in	 the	 current	 study,	

participants	were	actively	discouraged	from	using	such	explicit	strategies,	by	

telling	 them	that	 they	should	pay	attention	 to	 the	availability	window	and	

ignore	the	Pavlovian	cues	in	the	background.	Furthermore,	prior	to	the	test	

phase	 they	 received	 the	 instruction	 that	 they	 would	 have	 to	 eat	 any	
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winnings	 from	 the	 transfer	 test	 at	 the	 end	 of	 the	 experiment.	 In	 light	 of	

their	decreased	self-reported	desire	to	eat	more	of	the	food	that	they	had	

been	 sated	 on,	 their	 persistent	 responding	 for	 that	 same	 food	 in	 the	

transfer	test	seems	to	preclude	that	their	performance	was	driven	solely	by	

an	 explicit	 strategy.	 In	 addition,	 the	 fact	 that	 the	 human	 data	 model	 the	

animal	data	so	closely	suggests	 that	 this	PIT	effect	may	be	a	more	general	

mechanism	 underlying	 behavior.	 This	 certainly	 makes	 sense	 from	 an	

evolutionary	 perspective.	 Throughout	 most	 of	 evolution,	 food	 was	 scarce	

and	 it	 was	 adaptive	 therefore	 to	 develop	 a	 mechanism	 that	 leads	 to	

automatic	 responding	 to	 cues	 that	 signal	 the	 availability	 of	 food.	 More	

recently,	 however,	 food	 has	 become	 abundant,	 and	 consequently	 this	

mechanism	may	now	 turn	 against	 us.	 In	 an	 environment	 that	 is	 saturated	

with	 food-associated	 cues,	 Pavlovian-instrumental	 interactions	 that	 are	

insensitive	 to	 satiety	 may	 contribute	 to	 excessive	 food	 seeking	 and	

consequently	to	the	recent	rise	in	obesity.	

	

In	the	present	study,	we	assessed	cue-elicited	behavior	in	an	extinction	test,	

to	replicate	previous	demonstrations	in	animal	research	that	Pavlovian	cues	

can	 interfere	with	an	 immediate	 and	 flexible	adaptation	 to	 changes	 in	 the	

desirability	 of	 food	 rewards	 (Holland,	 2004,	 Rescorla,	 1994).	 The	 question	

remains	 as	 to	 whether	 presenting	 the	 no-longer-desirable	 food	 reward	

contingent	 upon	 responding	 would	 gradually	 reduce	 the	 strength	 of	 the	

original	S-O-R	associations	underlying	the	PIT	effect.	It	seems	plausible	that	

the	 Pavlovian	 cues	would	 initially	 interfere	with	 this	 learning	 process,	 but	

that	 participants	 would	 ultimately	 be	 perfectly	 capable	 of	 learning	 to	

redirect	 their	 responses	 toward	 the	 still-valuable	 food	 reward.	 In	 other	

words,	we	 expect	 that	 in	 real	 life,	 the	 first	 response	 elicited	 by	 Pavlovian	

cues	is	insensitive	to	satiation,	but	that	subsequent	exposure	to	that	food	in	
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a	 sated	 state	 should	 to	 some	 extent	 still	 allow	 us	 to	 adapt	 our	 behavior.	

However,	 in	 some	 cases	 it	 might	 be	 too	 late	 by	 then.	 Once	 we	 have	

successfully	 procured	 a	 certain	 food	 reward	 (for	 example	 buying	 a	

cheeseburger	 and	 milkshake	 at	 McDonald's),	 we	 usually	 persist	 in	

consuming	it.	

	

Previous	research	investigating	food-cue	exposure	and	reactivity	has	tended	

to	use	more	direct	food	cues	such	as	the	sight	and	smell	of	food	(Fedoroff	et	

al,	1997,	Jansen,	1998,	Jansen	et	al,	2003,	Temple	et	al,	2006)	or	pictures	of	

food	(Hogarth,	2012,	Hogarth	&	Chase,	2011).	In	contrast,	in	our	PIT	study,	

we	associated	novel,	abstract	cues	with	food	outcomes	during	the	Pavlovian	

training	phase.	Given	that	these	cues	are	more	distal	 from	the	actual	 food	

reward,	 they	 may	 provide	 useful	 targets	 for	 behavioral	 weight-loss	

interventions	 (Lovibond	&	Colagiuri,	 2013).	However,	we	 should	 point	 out	

that	 results	 from	 animal	 studies	 suggest	 that	 these	 mechanisms	 are	

extremely	persistent	(Bouton,	2011;	Delamater,	1996;	Todd,	Winterbauer,	&	

Bouton,	 2012).	 Delamater	 (1996),	 for	 example,	 demonstrated	 that	 after	

extended	 Pavlovian	 training,	 neither	 cue	 exposure	 nor	 cue	

counterconditioning	 reduced	 the	 ability	 of	 the	 cue	 to	 elicit	 the	 associated	

instrumental	 response.	 This	 highlights	 the	 obstacles	 faced	 by	 individuals	

trying	to	lose	weight	and	suggests	that	these	associative	mechanisms	likely	

contribute	 to	 the	 reportedly	high	weight-loss	 failure	 rate	 (Tsai	&	Wadden,	

2005;	 Wing	 &	 Hill,	 2001).	 Relatedly,	 previous	 investigations	 of	 PIT	 in	

smokers	have	shown	that	cue-induced	cigarette-seeking	was	 insensitive	 to	

health	warnings	(Hogarth	&	Chase,	2011)	and	pharmacotherapy	(Hitsman	et	

al,	 2013,	 Hogarth,	 2012).	 An	 alternative	 approach	 may	 be	 to	 encourage	

people	 to	 form	 intention	 implementation	 “if–then”	 plans,	 in	 which	 they	

learn	 to	 identify	 critical	 environmental	 cues	 and	 plan	 healthier	 courses	 of	
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action	 (Gollwitzer	 &	 Sheeran,	 2006;	 Luszczynska,	 Sobczyk,	 &	 Abraham,	

2007).	 These	 implementation	 intentions	 may	 lead	 to	 automatic	

performance	of	the	desired	behavior	upon	encountering	those	critical	cues,	

thereby	facilitating	the	formation	of	healthier	eating	habits.	Future	research	

should	 investigate	 the	 efficacy	 of	 such	 an	 approach	 in	 the	 context	 of	

Pavlovian-instrumental	 interactions.	 In	 any	 case,	 from	 research	 so	 far	 it	 is	

clear	 that	 once	 associations	 between	 cues,	 responses	 and	 food	 outcomes	

have	been	formed,	it	is	challenging	to	override	or	extinguish	these	(Bouton,	

2011,	Delamater,	1996,	Hogarth,	Chase,	2011,	Todd	et	al,	2012).	The	most	

effective	course	of	action	is	of	course	to	not	learn	them	in	the	first	place.	It	

follows	 then,	 that	 policy	makers	 should	 focus	 their	 efforts	 on	 prevention,	

by,	 for	 example,	 protecting	 children	 from	 excessive	 (unhealthy)	 food	

advertisements.	Indeed	this	matter	has	already	received	interest	from	some	

policy	 makers,	 with	 a	 number	 of	 countries	 increasing	 regulation	 of	 food	

advertising	aimed	at	children	(Hawkes	&	Lobstein,	2011).	

	

To	 summarize,	 the	 present	 study	 provides	 evidence	 that	 food-associated	

cues	 can	 interfere	 with	 goal-directed	 food	 seeking	 that	 is	 sensitive	 to	

satiation.	 In	 the	 absence	 of	 cues,	 participants	 were	 perfectly	 capable	 of	

directing	 their	 actions	 away	 from	 (Smarties	 or	 popcorn)	 food	 rewards	 on	

which	 they	 had	 been	 sated.	 However,	 presentation	 of	 cues	 that	 had	

previously	been	paired	with	these	food	rewards	led	to	increased	responding	

for	 the	 signaled	 reward,	 independent	of	 satiation.	 In	addition	 to	providing	

evidence	 for	 the	 role	 of	 this	 outcome-specific	 PIT	 effect	 in	 human	 food	

seeking,	we	also	 show	 that	 food-associated	cues	will	 enhance	 the	vigor	of	

responding	generally.	The	 latter	effect	may	be	more	 sensitive	 to	 satiation,	

but	 this	 remains	 to	 be	 further	 investigated.	 In	 conclusion,	 we	 provide	

evidence	 that	 Pavlovian-instrumental	 interactions	 provide	 a	 mechanism	
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whereby	the	obesogenic	environment,	that	constantly	reminds	of	available	

and	 palatable	 food,	 leads	 to	 excessive	 food-seeking.	 This	 fundamental,	

associative	mechanism	may	 consequently	 contribute	 to	 the	 recent	 rise	 in	

obesity.	This	study	furthers	our	understanding	of	maladaptive	food-seeking	

behaviors	and	may	have	important	clinical	and	policy	implications.	
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Abstract	

Adolescents	 and	 children	 are	 the	 targets	 of	 much	 food	 advertising,	 the	

majority	 of	 which	 is	 for	 unhealthy	 snacks.	 Although	 the	 effects	 of	

advertising	 on	 food	 preferences	 and	 consummatory	 behavior	 are	 well	

documented,	 our	 understanding	 of	 the	 underlying	 mechanisms	 is	 still	

limited.	 The	 present	 study	 investigates	 an	 associative	 (ideomotor)	

mechanism	by	which	exposure	to	rewarding	(snack)	outcomes	may	activate	

behavior	 that	previously	 resulted	 in	 these	 rewards.	 Specifically,	we	used	a	

computerized	 task	 to	 investigate	 whether	 exposing	 adolescents	 to	 food	

pictures	 directly,	 or	 to	 Pavlovian	 cues	 predictive	 of	 those	 food	 pictures,	

would	 bias	 their	 subsequent	 responses	 towards	 the	 presented/signaled	

food.	 Furthermore,	 we	 assessed	 whether	 this	 effect	 was	 particularly	

pronounced	 with	 palatable,	 high-calorie	 snacks	 (crisps	 and	 chocolate)	

relative	 to	 low-calorie	 snacks	 (tomatoes	 and	 cucumber).	 In	 two	

experiments,	 adolescents	 learned	 that	 certain	 key	 presses	 would	 yield	

particular	food	pictures	–	some	high	calorie	and	others	low	calorie	-	before	

learning	Pavlovian	associations	between	cues	(cartoon	monsters)	and	these	

same	food	pictures.	Subsequently,	in	a	response-priming	test,	we	examined	

the	 extent	 to	 which	 the	 food	 pictures	 and	 Pavlovian	 cues	 spontaneously	

primed	 the	 previously	 associated	 response.	 The	 results	 show	 that	 we	

replicated,	 in	adolescents,	previous	demonstrations	of	 ideomotor	response	

priming	 in	 adults:	 food	 pictures	 biased	 responding	 towards	 the	 response	

that	 previously	 yielded	 them,	 and	 this	 effect	 transferred	 to	 the	 Pavlovian	

cues.	 Furthermore,	 the	 priming	 effect	 was	 significantly	 stronger	 for	 high-

calorie	 rewards	 than	 for	 low-calorie.	 These	 findings	 indicate	 that	 the	

ideomotor	mechanism	plays	an	 important	 role	 in	 the	detrimental	effect	of	
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our	obesogenic	environment,	with	its	plethora	of	unhealthy	food	reminders,	

on	adolescents’	food-related	choices.	
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1. General	Introduction	

Obesity	 is	 on	 the	 rise	 amongst	 children	 and	 adolescents	 with	 one	 in	 five	

children	under	15	being	overweight	or	obese	across	member	states	of	 the	

Organization	 for	 Economic	 Co-operation	 and	 Development	 (OECD,	 2014).	

The	 food	 choices	 made	 by	 children	 and	 adolescents	 are	 thought	 to	 be	

biased	 by	 the	 obesogenic	 environment	 that	 constantly	 exposes	 them	 to	

palatable,	 unhealthy	 food	 and	 targeted	 advertisements	 	 (Cairns,	 Angus,	

Hastings,	 &	 Caraher,	 2013;	 Livingstone,	 2005;	 Lobstein	 &	 Dibb,	 2005).	

Indeed,	 the	majority	 of	 advertisements	 aimed	at	 children	 and	adolescents	

are	for	unhealthy	foods	high	in	sugar	and/or	fat	(Boyland,	Harrold,	Kirkham,	

&	 Halford,	 2011;	 Powell,	 Szczypka,	 Chaloupka,	 &	 Braunschweig,	 2007).	

Although	 the	detrimental	effect	of	advertising	on	 food-related	behavior	of	

children	 and	 adolescents	 is	 well	 documented	 (see	 e.g.	 Harris,	 Pomeranz,	

Lobstein,	 &	 Brownell,	 2009	 for	 review),	 little	 is	 known	 about	 the	

mechanisms	 of	 food-marketing	 effects	 (Harris,	 Pomeranz,	 et	 al.,	 2009).	 In	

the	current	study	we	investigated	a	possible	mechanism	that	may	underlie	

the	 effect	 of	 advertising	 and	 food	 exposure	 on	 adolescents’	 food-related	

choices.	

	

A	 number	 of	 studies	 have	 investigated	 the	 effect	 that	 external	 food	 cues	

have	 on	 children’s	 food	 preferences	 and	 food	 consumption	 (Folkvord,	

Anschütz,	Wiers,	&	Buijzen,	2015;	Halford	et	al.,	2004;	Harris,	Bargh,	et	al.,	

2009;	T.	N.	Robinson,	Borzekowski,	Matheson,	&	Kraemer,	2007).	Pavlovian	

conditioning	 (learning	 the	 predictive	 associations	 between	 cues	 and	

outcomes)	 plays	 an	 important	 role	 in	 building	 brand	 awareness	 and	

preference	at	a	young	age.	In	two	studies,	children	preferred	food	wrapped	

in	 fast	 food	 restaurant	 wrappers	 or	 affixed	 with	 a	 well-known	 cartoon	

character	 (Roberto,	 Baik,	 Harris,	 &	 Brownell,	 2010;	 T.	 N.	 Robinson	 et	 al.,	
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2007).	 It	 has	 also	 been	 demonstrated	 that	 viewing	 unhealthy	 food	

advertisements	 either	 during	 TV	 commercials	 or	 in	 computer	 games	 led	

children	 to	 consume	 more	 unhealthy	 food	 relative	 to	 a	 control	 group	

(Folkvord	 et	 al.,	 2015;	 Halford	 et	 al.,	 2004;	 Harris,	 Bargh,	 et	 al.,	 2009).	 A	

possible	mechanism	for	these	detrimental	effects	is	provided	by	ideomotor	

theory	as	well	as	certain	associative	theories	(Asratyan,	1974;	Gormezano	&	

Tait,	1976;	Hommel,	2009;	Hommel	et	al.,	2001;	James,	1890;	Lotze,	1852;	

Pavlov,	1927;	see	for	review:	S.	de	Wit	&	Dickinson,	2009).	

	

Ideomotor	theory	proposes	that	exposure	to	a	certain	outcome	can	activate	

the	 behavior	 that	 previously	 yielded	 this	 outcome.	 For	 example,	 seeing	

someone	enjoying	candy	may	initiate	a	trip	to	the	nearest	candy	dispenser.	

Bidirectional	 associations	 between	 responses	 (R)	 and	 outcomes	 (O)	 are	

argued	 to	 underlie	 this	 O-R	 priming	 effect	 (as	 shown	 in	 Figure	 1).	

Researchers	 in	 the	 field	 of	 human	 psychology	 have	 shown	 that	 images	 of	

chocolate	will	lead	participants	to	preferentially	respond	on	keys	previously	

associated	 with	 chocolate	 (Hogarth,	 2012;	 Hogarth	 &	 Chase,	 2011).	

However,	as	advertisers	are	well	aware,	stimuli	 (S)	 in	our	environment	can	

also	indirectly	influence	behavior,	argued	by	these	associative	theories	to	be	

via	 a	 S-O-R	 associative	 pathway.	 Consider	 how	 candy	 brands	 use	 popular	

cartoon	 characters	 to	 market	 their	 products.	 Following	 exposure	 to	

advertisements	in	which	cartoon	characters	are	associated	with	candy,	one	

can	 be	 reminded	 of	 candy	 merely	 by	 seeing	 the	 cartoon	 character	 (S-O),	

which	 in	 turn	 can	 activate	 the	 associated	 response	 (O-R;	 to	 head	 to	 the	

nearest	 candy	 dispenser;	 see	 Figure	 1).	 The	 latter	 indirect	 S-O-R	 priming	

effect	 has	 been	 studied	 using	 food	 rewards	 in	 several	 experimental	

‘Pavlovian-to-instrumental	 transfer’	 (PIT)	 studies	 (in	adults)	 in	 recent	years	

(Bray	et	al.,	2008;	Prévost	et	al.,	2012;	Watson	et	al.,	2014).	



Chapter	6	

140	

	

Fig.	1.	A)	Direct	response	priming	–	the	sight	of	candy	triggers	a	trip	to	the	candy	
dispenser.	B)	Indirect	response	priming	–	following	advertising	associating	a	cartoon	
character	with	candy,	seeing	the	cartoon	character	reminds	one	of	candy	and	
triggers	a	trip	to	the	candy	dispenser.	
	

To	 study	 indirect	 S-O-R	 priming	 Watson	 et	 al.	 (2014)	 first	 instructed	

participants	during	an	instrumental	training	phase	that	one	key	would	yield	

popcorn	 and	 the	 other	 chocolate	 Smarties.	 Subsequently,	 in	 a	 Pavlovian	

training	stage,	the	participants	learned	the	relationships	between	two	black	

and	white	 patterns	 and	 popcorn	 and	 Smarties.	 Finally,	 in	 the	 critical	 test,	

participants	were	 able	 to	press	on	either	of	 the	 keys	 to	 gain	popcorn	 and	

chocolate	 Smarties	 for	 later	 consumption.	Occasionally	 the	Pavlovian	 cues	

were	 presented.	 	 In	 line	 with	 the	 predictions	 of	 ideomotor	 theory,	

participants	 pressed	 more	 for	 chocolate	 Smarties	 when	 the	 pattern	
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associated	 with	 Smarties	 was	 on	 screen	 and	 pressed	 more	 for	 popcorn	

during	the	popcorn	pattern.	Crucially	the	cues	had	never	been	trained	with	

an	 instrumental	 response	 -	participants	were	 indirectly	primed	 to	perform	

the	 instrumental	 response	 that	 was	 associated	 with	 the	 signaled	 food	

reward.		

	

In	the	present	study,	we	investigated	direct	O-R	and	indirect	S-O-R	priming	

with	 food	 rewards	 in	adolescents,	and	we	addressed	 for	 the	 first	 time	 the	

question	whether	these	effects	are	more	potent	with	palatable,	high-calorie	

food	 outcomes	 than	 with	 bland,	 low-calorie	 outcomes.	 Adolescents	 were	

trained	 to	 respond	 for	 both	 high	 and	 low-calorie	 food	 outcomes	

(instrumental	 training	 phase)	 and	 then	 in	 a	 Pavlovian	 training	 phase	 they	

learned	the	relationships	between	Pavlovian	stimuli	(cartoon	monsters)	and	

these	same	food	outcomes.	Subsequently,	in	a	(nominal	extinction)	test,	we	

examined	 the	 extent	 to	 which	 the	 food-outcome	 pictures	 spontaneously	

primed	 the	 response	 that	 had	 previously	 yielded	 that	 food	 picture	 during	

instrumental	training	(direct	O-R	priming).	We	also	measured	the	extent	to	

which	 the	 Pavlovian	 stimuli	 would	 spontaneously	 prime	 the	 instrumental	

response	for	the	outcome	that	they	predicted	(indirect	S-O-R	priming).	We	

expected	 that	 the	 palatable,	 high-calorie	 food	 pictures	 would	 be	 more	

motivating	 for	 the	 adolescents	 than	 the	 bland,	 low-calorie	 food	 pictures,	

and	 that	 this	 motivational	 difference	 would	 lead	 to	 relatively	 strong	

response-priming	rates	for	the	high-calorie	outcomes.	

	

We	 also	 examined	 whether	 adolescent	 boys	 and	 girls	 would	 show	

differential	 rates	 of	 learning	 and/or	 response	 priming	 as	 a	 function	 of	

calorie	content.	A	number	of	studies	in	adults	report	that	men	and	women	

differ	 in	 their	 behavioral	 and	 neuronal	 responses	 towards	 food	 images	
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(Cornier,	 Salzberg,	 Endly,	 Bessesen,	 &	 Tregellas,	 2010;	 Houben	 &	 Jansen,	

2011;	Wang	et	al.,	2009)	although	the	evidence	for	these	gender	differences	

in	children	and	adolescents	is	less	clear	(Folkvord	et	al.,	2015;	Nederkoorn,	

Coelho,	Guerrieri,	Houben,	&	 Jansen,	2012;	 Snoek,	 van	Strien,	 Janssens,	&	

Engels,	 2006).	 Finally	we	 included	measures	 of	 impulsivity	 in	 our	 study	 to	

assess	 whether	 impulsivity	 would	 be	 related	 to	 the	 priming	 effects.	

Individuals	 with	 higher	 levels	 of	 trait	 impulsivity	 are	 argued	 to	 be	 more	

sensitive	to	cues	that	predict	rewards	(Carver	&	White,	1994;	Stanford	et	al.,	

2009).	One	previous	study	investigating	O-R	priming	with	financial	rewards	

reports	a	stronger	priming	effect	in	individuals	scoring	higher	on	a	measure	

of	reward	sensitivity	(Muhle-Karbe	&	Krebs,	2012).	In	addition,	children	and	

adolescents	 who	 are	 overweight	 score	 higher	 on	 various	 measures	 of	

impulsivity	 	 -	 both	 self-report	 measures	 (van	 den	 Berg	 et	 al.,	 2011)	 and	

response	 inhibition	 tasks	 (Batterink,	 Yokum,	 &	 Stice,	 2010;	 Nederkoorn,	

Braet,	 Van	 Eijs,	 Tanghe,	 &	 Jansen,	 2006)	 suggesting	 a	 link	 between	

conditioned	 food-seeking	 behaviors	 and	 impulsivity.	 Therefore,	 we	

hypothesized	 that	 those	 adolescents	 scoring	 higher	 on	 impulsivity	 would	

show	stronger	priming	effects	for	high-calorie	food	outcomes.	

	

2. Experiment	1	

2.1. Methods	

Participants.	Following	study	approval	by	the	Psychology	Ethics	Committee	

of	the	University	of	Amsterdam,	letters	were	sent	to	the	parents	of	students	

attending	a	secondary	school	in	Amsterdam,	The	Netherlands.	Parents	could	

refuse	inclusion	of	their	child	in	the	study	by	returning	the	opt-out	form	(a	

passive	 informed	 consent	 procedure	 approved	 by	 the	 Ethics	 Committee).	

Subsequently,	a	total	of	103	adolescents	took	part	in	the	study	and	testing	

was	 carried	 out	 during	 five	 days	 at	 the	 school,	 during	 school	 hours.	
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Unfortunately,	data	from	two	days	of	testing	(32	participants)	could	not	be	

included	 in	 our	 analyses	 as	 participants	 on	 the	 first	 day	 completed	 longer	

training	 blocks	 than	 subsequent	 days	 and	 original	 data	 files	 from	 another	

day	were	inadvertently	deleted.	Of	the	remaining	71	participants,	four	were	

excluded	 from	 the	 study	 because	 of	 a	 corrupt	 data	 file	 and	 four	 were	

excluded	because	 they	had	more	 than	15	 response	omissions	or	alternate	

instrumental	 key	 presses	 in	 any	 one	 phase	 of	 the	 task	 (assumed	 to	 be	 an	

indication	that	they	were	not	taking	the	task	seriously).	One	participant	was	

excluded	for	scoring	no	higher	than	50%	(chance	level)	in	the	final	block	of	

instrumental	training.	The	final	participant	group	consisted,	therefore,	of	62	

adolescents	 (25	 males)	 between	 the	 ages	 of	 12-15	 years.	 Demographic	

information	 stratified	 by	 gender	 can	 be	 seen	 in	 Table	 1.	When	 using	 the	

standard	 Dutch	 growth	 charts	 to	 assess	 BMI	 (Talma,	 Schonbeck,	 Bakker,	

HiraSing,	 &	 van	 Buuren,	 2010),	 12	 participants	 (5	 males)	 were	 classed	 as	

overweight	for	their	gender	and	age.		

	

	 Girls	 Boys	
Experiment	1	 	 	
Participants	=	62	 n	=	37	 n	=	25	

Mean	age	(SD)	 13.2	yrs	(0.9	yrs)	 13.5	yrs	(0.5	yrs)	

Mean	BMI	(SD)	 20.4	(2.7)	 20.3	(4.6)	

Experiment	2	 	 	
Participants	=	111*	 n		=	49	 n	=	60	

Mean	age	(SD)	 13.8	yrs	(0.7	yrs)	 14.0	yrs	(0.8	yrs)	

Mean	BMI	(SD)	 21.1	(3.8)	 20.5	(3.2)	

Table	1.	Demographic	information	stratified	by	gender	for	Experiments	1	and	2.	
*	=	Gender	of	two	participants	was	not	recorded	
	

. 
Stimuli	and	materials.	A	computerized	 task	similar	 to	 that	used	by	de	Wit	

and	colleagues	 	 (S.	de	Wit	et	al.,	2013;	Experiment	2)	was	programmed	 in	

visual	 basic.	 The	 task	 consisted	 of	 an	 instrumental	 training	 phase	 and	
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subsequent	 test	 of	 instrumental	 R-O	 knowledge.	 This	 was	 followed	 by	 a	

Pavlovian	training	phase	and	then	both	direct	and	indirect	response	priming	

were	examined	in	the	test	phase.	The	task	design	is	depicted	in	Figure	2	and	

described	 in	 the	 procedure	 section.	 Four	 cartoon	monsters	 were	 used	 as	

discriminative	cues	during	 instrumental	 training	and	 four	different	cartoon	

monsters	were	used	as	Pavlovian	cues	(measuring	approximately	150	x	130	

pixels).	 All	 eight	monster	 images	 were	 used	 in	 the	 response-priming	 test.	

Photographs	 measuring	 260	 x	 160	 pixels	 of	 potato	 crisps,	 chocolate,	

cucumber	and	tomatoes	were	used	 in	both	training	phases	and	during	the	

priming	test	(see	Figure	2).			
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Fig.	2.	Task	design.	In	the	presence	of	discriminative	stimuli	participants	first	learned	
the	relationship	between	instrumental	responses	and	food	pictures.	They	then	
learned	the	relationships	between	four	Pavlovian	monsters	and	these	same	food	
pictures.	In	the	test	phase	the	food	and	Pavlovian	monster	pictures	were	presented	
to	examine	whether	responses	would	be	biased	towards	the	presented/signaled	
food.	
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Food	Desire	and	Hunger	Questionnaire.	Participants	were	asked	to	rate	their	

hunger	and	 their	desire	 for	each	of	 the	 four	 foods	on	7-point	Likert	 scales	

marked	with	the	anchors:	not	at	all	(1),	a	little	bit	(4)	and	very	much	(7).	

	

Substance	 Use	 Risk	 Profile	 Scale.	 Impulsivity	 and	 sensation	 seeking	 were	

measured	 using	 the	 substance	 use	 risk	 profile	 scale	 (SURPS;	Woicik	 et	 al.,	

2009).	The	SURPS	consists	of	23	items	scored	on	a	4	point	Likert-scale.		The	

SURPS	 contains	 in	 total	 four	 subscales	 but	 only	 data	 from	 the	 impulsivity	

and	 sensation	 seeking	 subscales	 were	 analyzed.	 The	 SURPS	 has	 good	

internal	 consistency	 and	 reasonable	 test-retest	 reliability	 in	 adolescent	

populations	(Malmberg	et	al.,	2010).	

	

Procedure.	Participants	were	tested	in	groups	of	four,	during	school	hours.	

Each	participant	sat	behind	a	 laptop,	wearing	headphones,	with	a	wooden	

partition	 preventing	 them	 from	 seeing	 any	 of	 the	 other	 participants.	

Participants	 were	 told	 that	 they	 were	 going	 to	 play	 the	 “Delicious	 Snack	

Game”	in	which	they	would	earn	points	for	chocolate,	crisps,	cucumber	and	

tomatoes	by	slaying	monsters.	They	were	told	to	do	their	best	and	try	and	

win	as	many	points	 as	possible	because	at	 the	end	 they	would	be	able	 to	

win	a	tasty	food	reward.	

	

The	task	began	with	the	instrumental	training	phase.		Participants	were	told	

that	 every	 time	 they	 successfully	 defeated	 a	 monster	 they	 would	 earn	

points	 which	 would	 go	 towards	 a	 tasty	 food	 reward.	 They	 could	 defeat	

monsters	by	pushing	on	either	the	left	or	right	key,	every	time	that	they	saw	

a	monster	appear	on	 the	screen.	 If	 that	key	was	 the	correct	key	 to	defeat	

the	monster	then	they	would	see	a	food	picture	appear	and	they	would	win	

one	point.	 If	 it	was	the	wrong	key	to	defeat	that	monster	then	they	would	
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see	 the	 words	 “incorrect”	 and	 they	 would	 not	 earn	 any	 points.	 Each	

monster	 was	 defending	 a	 particular	 food	 (chocolate,	 potato	 crisps,	

cucumber	 or	 tomatoes)	 and	 had	 a	 specific	 key	 press	 that	 was	 needed	 to	

defeat	 it.	 Participants	were	 told	 that	 in	 the	beginning	 they	would	 have	 to	

guess	which	key	to	press	but	that	they	would	gradually	learn	through	their	

incorrect	 responses	 which	 key	 was	 the	 correct	 one.	 The	 test	 leader	 then	

checked	 that	 the	 instructions	 were	 clear	 and	 showed	 the	 participants	 an	

example	 from	 a	 booklet	 using	 a	 cartoon	monster	 and	 a	 food	 picture	 that	

was	were	not	used	in	the	task.		

	

Each	 trial	began	with	 the	presentation	of	a	monster,	which	would	 stay	on	

the	screen	 for	2	 seconds,	or	until	a	 response	on	either	 the	 left	 (z)	or	 right	

(m)	 key	 was	 made.	 The	 monster	 functioned	 as	 a	 discriminative	 stimulus	

signaling	 which	 response	 would	 be	 correct.	 Correct	 responses	 were	

followed	 by	 a	 picture	 of	 one	 of	 the	 four	 food	 outcomes	 presented	 in	 the	

middle	 of	 the	 screen	 along	with	 the	 number	 of	 points	 earned	 and	 a	 cash	

register	sound.	Incorrect	responses	were	followed	by	a	game	show	“losing”	

sound	 and	 the	 presentation	 of	 a	 “0”	 in	 the	 middle	 of	 the	 screen.	 	 If	 no	

response	was	recorded	the	words	“too	late”	were	presented.		All	feedback	

was	presented	 for	1	 second	and	 the	 ITI	 varied	 randomly	between	1	and	2	

seconds.	 For	 each	 participant,	 both	 response	 keys	 were	 paired	 with	 one	

high	 calorie	 and	 one	 low-calorie	 outcome.	 The	 relationships	 between	 the	

correct	 response	 and	 the	 outcome	 pictures	 were	 counterbalanced	 across	

participants	ensuring	that	each	outcome	was	paired	equally	often	with	the	

left	 and	 right	 keys	 (across	 participants).	 Furthermore,	 the	 relationships	

between	 the	 four	 discriminative	 monster	 stimuli	 and	 the	 four	 outcome	

pictures	 were	 permutated	 across	 participants.	 The	 instrumental	 training	

phase	 consisted	 of	 ten	 blocks	 in	 which	 the	 four	 different	monster	 stimuli	
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were	 each	 presented	 twice,	 in	 random	 order	 (amounting	 to	 80	 trials	 in	

total).		

	

Following	the	instrumental	training	phase,	participants	were	tested	on	their	

knowledge	 of	 the	 O-R	 relationships	 during	 the	 Instrumental	 Query	 Phase.	

On	each	query	trial,	two	of	the	outcome	pictures	(either	both	low	calorie	or	

both	high	calorie)	were	presented,	one	above	the	other.	During	training,	a	

left	 key	 press	 had	 yielded	 one	 of	 these	 outcomes	whilst	 a	 right	 key	 press	

had	 yielded	 the	 other	 outcome.	 One	 of	 these	 two	 outcomes	 was	 now	

presented	with	 a	 red	 cross	 overlaid	 and	 participants	were	 instructed	 that	

this	outcome	was	no	 longer	worth	any	points.	Their	 task	was	 to	press	 the	

key	 belonging	 to	 the	 food	 outcome	 that	 did	 not	 have	 a	 cross	 through	 it.	

Each	 outcome	 pair	 was	 presented	 eight	 times,	 with	 each	 outcome	 being	

presented	four	times	as	devalued	(with	the	cross	through	it).	A	given	picture	

appeared	 above	 the	 other	 on	 half	 the	 trials.	 The	 response	window	was	 2	

seconds	 and	no	 feedback	was	 given	during	 these	query	 trials.	 The	 ITI	was	

random	between	1	and	2	seconds.		

	

Participants	then	completed	the	Pavlovian	training	phase.	Pavlovian	training	

consisted	of	both	a	 short	passive	phase	and	a	 longer	 active	phase.	Before	

the	 passive	 phase	 began,	 participants	 were	 told	 that	 a	 new	 series	 of	

monsters	would	be	shown	and	 that	each	monster	would	be	 followed	by	a	

food	 picture.	 These	 were	 the	 same	 food	 pictures	 as	 used	 during	

instrumental	 training.	They	were	 told	 to	 look	closely	and	 try	 to	 remember	

which	monster	defended	which	food.	On	each	trial	a	monster	appeared	at	

the	top	of	the	screen.	After	2	seconds	one	of	the	four	food	pictures	would	

then	 be	 shown	 underneath	 the	 monster	 and	 both	 would	 remain	 on	 the	

screen	together	for	1	second.	The	relationships	between	the	monsters	and	
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the	 food	 pictures	 were	 counterbalanced	 across	 participants.	 The	 passive	

training	 consisted	 of	 one	 block	 in	 which	 each	 of	 the	 four	 monster-food	

pictures	couplings	were	presented	twice	in	random	order.	Before	the	active	

Pavlovian	phase	began,	participants	were	told	that	they	would	be	tested	on	

what	 they	 had	 just	 learned	 –	 about	 which	monster	 was	 defending	 which	

food.	They	were	told	that	every	time	they	saw	a	monster	appear	they	had	to	

select	with	the	mouse	the	correct	food	picture,	from	the	four	food	pictures	

that	 would	 be	 displayed	 at	 the	 bottom	 of	 the	 screen.	 For	 every	 correct	

answer	they	would	receive	one	point	and	in	the	beginning	they	might	make	

mistakes	but	that	would	help	them	learn.		

	

During	the	active	training	a	monster	was	presented	at	the	top	of	the	screen	

and	smaller	versions	of	 the	four	 food	pictures	were	presented	underneath	

in	 a	 2x2	 matrix	 (the	 location	 of	 the	 food	 pictures	 within	 this	 matrix	 was	

randomly	determined	on	each	trial).	These	images	remained	on	screen	for	3	

seconds	 or	 until	 a	 response	 was	 made	 with	 the	 mouse.	 Correct	 answers	

were	 followed	by	 a	 “1”	 (indicating	 one	point)	 appearing	 at	 the	 top	of	 the	

screen	 and	 the	 full	 size	 image	 of	 the	 correct	 food	 picture.	 Incorrect	

responses	were	 followed	by	 the	 full	 size	 image	of	 the	correct	 food	picture	

and	a	“0”	at	the	top	of	the	screen.		If	no	response	was	recorded	the	words	

“too	 late”	were	 presented.	 	 All	 feedback	was	 presented	 for	 1	 second	 and	

the	 ITI	 varied	 randomly	 between	 1	 and	 2	 seconds.	 The	 active	 Pavlovian	

training	 phase	 consisted	 of	 six	 blocks	 in	which	 the	 four	 different	monster	

stimuli	were	each	presented	twice,	in	random	order	(amounting	to	48	trials	

in	total).		

	

Participants	then	performed	the	response-priming	test.	They	were	told	that	

they	would	now	be	shown,	one	by	one,	all	of	the	pictures	of	the	monsters	
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and	 the	 foods	 that	 had	 been	 used	 in	 the	 game.	 They	 were	 told	 that	 for	

every	picture	they	had	to	select	either	the	left	or	the	right	key	as	quickly	as	

possible.	 Sometimes	 they	would	 know	which	was	 the	 correct	 key	 to	press	

(namely	in	the	case	of	the	discriminative	stimuli),	but	for	some	pictures	they	

would	not.	If	they	were	not	sure	they	were	told	to	not	think	too	hard	about	

the	 correct	 response	 but	 to	 just	 spontaneously	 select	 a	 key	 in	 a	 non-

systematic	order.	They	were	told	that	they	would	not	receive	any	feedback	

on	 whether	 their	 responses	 were	 correct	 or	 not,	 but	 that	 they	 were	 still	

earning	points	 for	 correct	 responses.	On	each	 trial,	one	of	 the	12	pictures	

that	 had	 been	 used	 in	 the	 task	 was	 presented	 (the	 four	 food	 pictures	 to	

assess	direct	response	priming,	the	four	Pavlovian	monster	stimuli	to	assess	

indirect	 response	 priming	 and	 the	 four	 instrumental	monster	 stimuli	 as	 a	

control	condition).	Presentation	time	was	2	seconds	or	until	a	response	was	

made.	No	feedback	was	given.	The	test	consisted	of	2	blocks	in	which	each	

of	 the	 twelve	 pictures	was	 presented	 twice,	 in	 random	 order	 (48	 trials	 in	

total).		

	

Participants	 were	 then	 asked	 to	 rate	 on	 the	 Likert	 scales	 how	much	 they	

desired	 each	 food	 and	 they	 completed	 the	 SURPS	 questionnaire	 (paper	

versions).	Weight	 and	 height	were	measured	 and	 BMI	 (kg/m2)	 calculated.	

Finally,	 participants	 were	 given	 a	 paper	 bag	 with	 their	 “reward”	 which	

contained	a	plain	wheat	biscuit	and	either	two	cherry	tomatoes	or	a	piece	of	

cucumber.	

	

All	procedures	were	approved	by	the	local	Ethics	committee,	and	complied	

with	relevant	laws	and	institutional	guidelines.	
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2.2. Results	

For	 all	 tests	 using	 ANOVA	 in	 this	 and	 the	 following	 experiment,	 calorie	

(high/low)	 was	 always	 entered	 as	 a	 within-subjects	 variable	 and	 where	

relevant,	block	is	also	entered	as	a	within-subjects	variable	(training	phases	

only).	Greenhouse-Geisser	p	 values	 are	 reported	with	 the	original	 degrees	

of	freedom.	A	significance	criterion	of	p	=	.05	was	adopted	and	all	reported	

t-tests	were	two-tailed.	

	

Instrumental	 Training	 Phase.	Participants	 learned	 across	 the	 instrumental	

training	blocks	to	select	the	correct	key	for	each	monster	stimulus,	as	can	be	

seen	 in	 Figure	 3	 (top	 row,	 left	 panel).	 The	 repeated	 measures	 ANOVA	

showed	a	main	effect	of	block,	F	(9,	549)	=	54.6	p	<	0.0001,	but	no	effect	of	

calorie	content,	F	(1,61)	=	1.12,	p	=	0.30.	As	can	be	seen	in	Figure	3	(top	row,	

right	 panel),	 this	 same	 pattern	 was	 observed	 for	 RTs.	 When	 examining	

correct	RTs	only,	participants	became	faster	over	the	course	of	training,	as	

reflected	 in	a	main	effect	of	block	 F	 (9,	378)	=	15.5,	p	 <	0.0001,	but	 there	

was	no	significant	effect	of	calorie	content,	F	<	1,	p	=	0.42.	
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Fig.	3.	Experiment	1:	Top	Row:	Accuracy	(left	panel)	and	RT	(right	panel)	over	the	10	
blocks	of	the	Instrumental	Training	phase.	Bottom	Row:	Accuracy	and	RT	over	the	6	
blocks	of	the	Pavlovian	Training	phase.	Error	bars	represent	standard	error	of	the	
mean.	
	

Instrumental	 R-O	 Query	 Phase.	 Participants	 were	 able	 to	 correctly	 select	

the	response	leading	to	the	signaled	outcome	with	a	mean	accuracy	of	74%,	

significantly	 better	 than	 chance	 level	 of	 50%,	 t	 (61)	 =	 9.3,	 p	 <	 0.0001,	

confirming	 that	participants	had	encoded	 the	R-O	 relationships	during	 the	

instrumental	training	phase.	Calorie	content	of	the	outcome	pictures	did	not	

modulate	 accuracy	 on	 the	 query	 trials	 as	 evidenced	 by	 a	 non-significant	

effect	of	calorie	content,	t	(61)	=	0.76,	p	=	0.46.	However,	this	same	analysis	

of	 the	 RT	 data	 (correct	 trials	 only)	 revealed	 that	 participants	 responded	
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faster	 (mean:	1131	ms,	SD:	399	ms)	 for	high-calorie	 relative	 to	 low-calorie	

trials	(mean:	1271	ms,	SD:	640	ms;	t	(61)	=	2.0,	p	=	0.05).	

	

Pavlovian	 Training	 Phase.	 Participants	 learned	 the	 relationships	 between	

the	cues	and	food	outcomes	across	the	Pavlovian	training	blocks,	as	can	be	

seen	 in	 Figure	 3	 (bottom	 row).	 Participants	 became	 more	 accurate	 over	

time	as	indicated	by	a	main	effect	of	block,	F	(5,	305)	=	10.4,	p	<	0.0001,	and	

also	 tended	 to	 perform	 better	 on	 the	 high-calorie	 trials	 as	 indicated	 by	 a	

marginally	 significant	 effect	 of	 calorie	 content,	 F	 (1,	 61)	 =	 3.7,	 p	 =	 0.06.	

Analysis	 of	 the	 RT	 data	 showed	 that	 participants	 became	 faster	 over	 the	

course	of	training,	as	reflected	by	a	main	effect	of	block	F	(5,	275)	=	14.5,	p	<	

0.0001.	 This	 time	 there	 was	 no	 effect	 of	 calorie	 content	 of	 the	 outcome	

picture,		F	<	1,	p	=	0.68	(see	Figure	3:	bottom	row,	right	panel).	

	

Test	 Phase	 –	 Direct	 &	 Indirect	 Response	 Priming.	 Participants	

demonstrated	 that	 the	 discriminative	 associations	 from	 the	 instrumental	

training	 phase	 were	 still	 intact	 with	 mean	 accuracy	 of	 93%	 (SD:	 14%)	 on	

trials	 in	 which	 the	 discriminative	 stimuli	 were	 presented.	 The	 data	 of	

interest,	 however,	were	 response-priming	 rates	 on	 trials	where	 either	 the	

food	 pictures	 (direct	 response	 priming)	 or	 Pavlovian	 monsters	 (indirect	

response	 priming)	 were	 presented.	 Trials	 were	 considered	 accurate	 (and	

priming	 successful)	 when	 participants	 selected	 the	 response	 that	 during	

instrumental	 training	 had	 yielded	 the	 outcome	 currently	 being	

presented/signaled.	 The	 mean	 priming	 rate	 was	 68%,	 significantly	 higher	

than	the	chance	level	of	50%,	t	(61)	=	7.2,	p	<	0.0001.	To	compare	the	effect	

of	 calorie	 on	both	 direct	 and	 indirect	 priming,	 cue	 type	was	 added	 to	 the	

repeated	measures	ANOVA.	This	revealed	an	interaction	between	cue	type	

and	calorie,	 F	 (1,61)	=	6.0,	p	=	0.02	so	 in	 the	next	 step	we	compared	high	
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and	 low-calorie	priming	rates	separately	 for	 the	two	cue	types.	 	As	can	be	

seen	in	Figure	4	(left	panel),	the	direct	O-R	priming	effect	was	stronger	for	

the	high-calorie	outcomes	 than	 the	 low-calorie	outcomes,	 t	 (61)	=	3.5,	p	=	

001,	 meaning	 that	 participants’	 choices	 were	 more	 strongly	 biased	 by	

pictures	 of	 crisps	 and	 chocolate	 than	 by	 pictures	 of	 cucumber	 and	

tomatoes.	 In	 contrast,	 in	 the	 case	 of	 indirect	 S-O-R	 priming	 -	 when	 they	

were	merely	 reminded	 of	 these	 food	 outcomes	 by	 the	 Pavlovian	monster	

stimuli	–	there	was	no	significant	modulation	by	the	calorie	content	of	the	

outcome	cue,	t	(61)	=	0.77,	p	=	0.45.	

	

This	 analysis	 was	 repeated	with	 RT	 for	 correctly	 primed	 responses	 as	 the	

dependent	variable.	Participants	reacted	faster	to	the	outcomes	than	to	the	

Pavlovian	cues	(main	effect	of	cue	type:	F	(1,	56)	=	10.8	p	=	0.002),	and	were	

faster	overall	–across	 the	direct	and	 indirect	priming	trials	–	 to	respond	to	

the	 high-calorie	 cues	 than	 to	 the	 low-calorie	 cues	 as	 indicated	 by	 a	main	

effect	of	calorie:	F	(1,	56)	=	8.4,	p	=	0.005	(see	right	panel	of	Figure	4).		

	

Hunger	 and	Desire	 Ratings.	 Participants	 reported	mean	 hunger	 ratings	 of	

3.7	 points	 (SD:	 1.6).	 There	 was	 no	 significant	 difference	 between	 their	

reported	desire	 to	eat	high-calorie	 foods	 (mean	rating:	3.5	points,	SD:	1.5)	

compared	to	low-calorie	food	(mean	rating:	3.3	points,	SD:	1.5;	t	(61)	=	0.72,	

p	=	0.48).	
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Fig.	4.	Experiment	 1:	 Left	 Panel:	Direct	 (O-R)	 and	 indirect	 (S-O-R)	 priming	 rates	 for	
high-	 and	 low-calorie	 outcome	 pictures.	 The	 white	 dotted	 line	 represents	 50%	
chance	 level.	 Priming	 rates	 were	 greater	 for	 high-calorie	 versus	 low-calorie	
outcomes,	 but	 only	 on	 direct	 priming	 trials	 (*p	=	0.001).	 Right	 Panel:	 Participants	
were	 faster	 overall	 for	 the	 high-	 calorie	 outcomes	 (main	 effect	 of	 calorie:	
*p	=	0.006).	Error	bars	represent	standard	error	of	the	mean. 
	

Correlational	 Analyses.	 To	 see	 whether	 impulsivity	 or	 sensation	 seeking	

scores	were	related	to	individual	differences	in	performance	on	the	priming	

task	we	correlated	scores	on	these	subscales	of	the	SURPS	to	both	indirect	

and	 direct	 priming	 rates	 (%)	 for	 high-calorie	 food	 outcomes.	 However,	

neither	 impulsivity	nor	sensation	seeking	were	significantly	correlated	with	

these	variables	(all	ps	>	0.20).		

	

Gender	 Analyses.	 In	 order	 to	 examine	 whether	 boys	 and	 girls	 would	

perform	 any	 different	 on	 any	 phase	 of	 the	 task,	 we	 repeated	 all	 of	 the	

above	 analyses	 with	 gender	 as	 a	 between-subjects	 factor.	 The	 only	

significant	 main	 or	 interaction	 effects	 involving	 gender	 were	 observed	

during	 the	 action-outcome	 query	 trials	 and	 the	 Pavlovian	 training	 trials.	

During	 the	query	 trials	boys	 responded	 faster	overall	 (mean:	1062	ms,	SD:	
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229	ms)	relative	to	girls	(mean:	1296	ms,	547	ms),	F	(1,	60)	=	4.1,	p	=	0.05.	

When	examining	accuracy	during	the	Pavlovian	training	phase	we	observed	

an	 interaction	 between	 calorie	 and	 gender,	 F	 (1,	 60)	 =	 5.5,	 p	 =	 0.02.	

Whereas	 boys’	 performance	 did	 not	 differ	 on	 high-	 relative	 to	 low-calorie	

trials	 (mean:	95%,	SD:	7%	vs.	mean:	94%,	SD:	12%),	 t	 (24)	=	0.6,	p	 =	0.59,	

girls	 performed	 better	 on	 the	 high-calorie	 trials	 (mean:	 93%,	 SD:	 11	%	 vs.	

mean:	90%,	SD:	12%),	t	(36)	=	3.1,	p	=	0.004.			

	

2.3. Discussion	

In	 Experiment	 1,	 we	 examined	 ideomotor	 response-priming	 effects	 in	

adolescents	with	high-	versus	 low-calorie	 food	outcomes.	As	expected,	we	

found	 that	when	participants	were	presented	with	 food	outcome	pictures	

and	asked	to	select	a	response	as	fast	and	spontaneously	as	possible,	their	

choices	were	biased	towards	the	response	that	had	previously	yielded	these	

food	 outcomes	 (direct	 priming).	 Importantly,	 they	were	 significantly	more	

accurate	 and	 quick	 to	 respond	 when	 the	 food	 picture	 depicted	 a	 high-

calorie	 food.	We	 also	 replicated	 previous	 demonstrations	 of	 indirect	 cue-

elicited	 response	 priming	 by	 demonstrating	 that	 when	 participants	 were	

shown	cues	that	had	been	paired	with	food	pictures,	they	selected	the	key	

that	 had	 previously	 been	 associated	 with	 the	 signaled	 food	 picture	 more	

frequently	 than	 the	alternative	key	 (Bray	et	al.,	2008;	Prévost	et	al.,	2012;	

Watson	 et	 al.,	 2014).	 Although	 the	 strength	 of	 this	 indirect	 priming	 effect	

was	 not	 modulated	 by	 the	 calorie	 content	 of	 the	 signaled	 food	 picture,	

there	 was	 a	 significant	 effect	 in	 the	 reaction	 times,	 with	 participants	

responding	 faster	 for	 Pavlovian	 stimuli	 previously	 associated	 with	 high-

calorie	 food	 outcomes.	 We	 found	 very	 limited	 evidence	 for	 gender	

differences.	Importantly,	during	the	priming	test,	boys	and	girls	showed	the	

same	 pattern	 of	 results.	 Finally	 we	 found	 no	 evidence	 to	 suggest	 that	
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impulsivity	or	 sensation	seeking	 (as	measured	with	 the	SURPS)	are	 related	

to	(S)-O-R	priming.	

	

It	is	surprising	that	the	adolescents	did	not	rate	the	high-calorie	food	(crisps	

and	 chocolate)	 as	 being	 more	 desirable	 than	 the	 low-calorie	 food	

(cucumbers	 and	 tomatoes).	 The	 behavioral	 data	 suggests	 that	 in	 fact	 the	

high-calorie	 food	 was	more	motivating	 for	 the	 participants.	 The	 lack	 of	 a	

difference	 in	 the	 self-report	 desire	 ratings	may	 reflect	 a	 social	 desirability	

effect,	such	that	the	adolescents	were	trying	to	appear	to	be	making	healthy	

choices.	 The	 response-priming	 task,	 therefore,	 may	 be	 a	 better	 (albeit	

indirect)	measure	of	snack	preference	than	self-report.		

	

To	summarize,	the	results	of	Experiment	1	suggest	that:	(1)	 in	adolescents,	

instrumental	 responding	 can	 be	 biased	 both	 directly	 and	 indirectly	 by	

external	food-related	stimuli,	and	(2)	that	this	effect	tends	to	be	particularly	

pronounced	 with	 high-calorie	 food	 rewards.	 However,	 there	 were	 some	

limitations	 to	 the	 study	 design	 of	 Experiment	 1	 that	may	 offer	 a	 possible	

explanation	for	the	finding	that	in	the	case	of	indirect	S-O-R	priming,	calorie	

content	modulated	 only	 RT	 and	 not	 response-priming	 rates.	 Although	 the	

adolescents	were	told	that	they	were	earning	points	towards	a	tasty	snack,	

they	 did	 not	 directly	 experience	 the	 different	 food	 outcomes	 during	 the	

training	 phases	 and	 this	 may	 have	 reduced	 the	 sensitivity	 to	 the	 type	 of	

food	 outcome	 (chocolate	 and	 crisps	 versus	 cucumber	 and	 tomatoes).	 In	

Experiment	2,	therefore,	we	sought	to	replicate	these	data	in	another	group	

of	 adolescents	 with	 a	 number	 of	 improvements	 to	 the	 study	 design.	

Specifically,	 we	 decided	 to	 have	 the	 adolescents	 sample	 the	 food	 before	

beginning	 the	 game	 and	 we	 also	 allowed	 them	 to	 win	 the	 food	 rewards	

during	the	training	phases	of	the	game	(for	later	consumption).	In	addition,	
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given	the	lack	of	a	relationship	in	Experiment	1	between	the	SURPS	measure	

and	 the	 behavioral	 data,	 we	 chose	 to	 focus	 instead	 on	 an	 alternative	

measure	of	impulsivity	(reward	responsiveness;	Carver	&	White,	1994).		

	

3. Experiment	2	

3.1. Methods	

	

Participants.	 Participants	 were	 recruited	 (as	 in	 Experiment	 1)	 from	 a	

different	secondary	school.	A	total	of	138	adolescents	took	part	in	the	study	

and	 testing	 was	 carried	 out	 at	 the	 school,	 during	 school	 hours.	 27	

participants	were	excluded	-	eight	because	they	scored	no	higher	than	50%	

(chance	level)	in	the	final	block	of	instrumental	training	and	19	as	they	had	

more	 than	15	 response	omissions	or	alternate	 instrumental	key	presses	 in	

any	one	phase	of	the	task.	The	final	participant	group	consisted,	therefore,	

of	 111	 adolescents	 (60	 males)	 between	 the	 ages	 of	 12-16	 years.	

Demographic	 information	 stratified	 by	 gender	 can	 be	 seen	 in	 Table	 1	

(although	 note	 that	 for	 two	 participants	 their	 gender	 data	 was	 not	

recorded).	 When	 using	 the	 standard	 Dutch	 growth	 charts	 to	 assess	 BMI	

(Talma	et	al.,	2010),	20	participants	(11	males)	were	classed	as	overweight	

for	their	gender	and	age.	

	

Stimuli	 and	 materials.	 The	 same	 stimuli	 and	 computerized	 task	 used	 in	

Experiment	 1	 were	 used	 and	 any	 changes	 are	 outlined	 below	 (see	

Procedure).	The	questionnaires	were	modified	in	the	following	way.	

	

Food	Desire	and	Hunger	Questionnaire:	The	questionnaire	was	programmed	

in	 Inquisit	and	participants	slid	a	mouse	along	a	visual	analogue	scale	with	

the	anchors:	“not	at	all”,	“neutral”	and	“maximum”.	Participants	first	rated	
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their	hunger	using	this	scale	and	then	were	asked	to	taste	each	of	the	four	

foods	(in	random	order)	before	rating	their	desire	to	eat	them.	

	

Behavioral	Inhibition	System/Behavioral	Activation	System	(BIS/BAS)	Scales:	

The	 BIS/BAS	 scales	measure	 individual	 differences	 in	 general	 aversive	 and	

appetitive	motivation	(Carver	&	White,	1994).	The	BAS	(13	questions	rated	

on	4-point	Likert	scales)	consists	of	 three	subscales.	For	 the	current	study,	

only	data	pertaining	 to	 items	on	the	reward	responsiveness	subscale	were	

analyzed.	This	scale	measures	positive	anticipation	of	reward	and	has	good	

internal	 consistency	 in	 an	 adolescent	 sample	 (Cooper,	 Gomez,	 &	 Aucote,	

2007).		

	

Procedure.	Participants	were	tested	in	groups	of	seven,	during	school	hours.	

Participants	 sat	 one	 behind	 the	 other	 with	 headphones	 on	 and	 were	

prevented	 from	 turning	 around	 or	 interacting	with	 the	 person	 in	 front	 or	

behind	 them.	 To	 the	 left	 of	 their	 laptop	 participants	 now	 had	 four	 small	

bowls	 filled	with	 the	 four	 food	outcomes	 (tomatoes,	 cucumber,	 crisps	and	

chocolates).	They	also	had	a	small	plastic	plate	that	was	theirs	to	place	any	

rewards	on	that	were	won	during	the	task.		

	

Participants	 first	 completed	 the	 food	 desire	 and	 hunger	 questionnaire	

before	 continuing	with	 the	Delicious	 Snack	Game.	 Participants	were	 given	

the	same	instructions	as	in	Experiment	1,	although	they	were	now	told	that	

the	 three	participants	at	 the	end	of	 the	experiment	who	earned	 the	most	

points	in	the	game	would	be	rewarded	with	two	cinema	passes.	In	addition	

they	 were	 also	 told	 that	 during	 the	 game,	 every	 time	 they	 heard	 a	 cash	

register	 sound	at	 the	same	 time	 that	 they	saw	a	 food	picture	 -	 they	could	
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take	one	piece	of	that	food	and	place	it	on	their	personal	rewards	plate	to	

eat	later.	

	

The	 task	 began	 as	 in	 Experiment	 1,	 with	 the	 instrumental	 training	 phase.		

However,	 participants	 did	 not	 receive	 auditory	 feedback	 on	 every	 trial	

(although	 they	 did	 still	 receive	 visual	 performance-based	 feedback	 -

“incorrect”	 and	 “correct”).	 Instead,	 every	 fourth	 time	 that	 the	 correct	

response	was	performed	for	a	particular	monster	stimulus,	the	cash	register	

sound	was	heard	indicating	that	participants	were	able	to	take	one	piece	of	

that	 reward	 and	move	 it	 onto	 their	 own	 plate.	 The	 ITI	 on	 these	 “reward”	

trials	was	extended	to	3	seconds.	The	instrumental	training	phase	consisted	

of	 nine	 blocks	 in	 which	 the	 four	 different	 monster	 stimuli	 were	 each	

presented	twice,	in	random	order	(72	trials	in	total).		

	

The	Pavlovian	 training	 phase	 followed	 immediately	 after	 the	 instrumental	

training	 phase	 and	 consisted	 of	 1	 block	 of	 passive	 and	 9	 blocks	 of	 active	

training	(72	active	trials	in	total).	Again,	participants	did	not	hear	the	buzzer	

or	 cash	 register	 sounds	 on	 every	 trial.	 Instead	 every	 fourth	 pairing	 of	 a	

particular	 monster	 stimulus	 and	 food	 outcome	 was	 accompanied	 by	 the	

cash	 register	 sound	 indicating	 that	 the	 participant	 was	 able	 to	move	 one	

piece	of	that	reward	from	the	small	bowl	onto	their	plastic	plate.	The	ITI	on	

these	trials	was	extended	to	3	seconds.	

	

Participants	 then	 performed	 the	 direct	 and	 indirect	 response-priming	 test	

(as	 Experiment	 1).	 The	 food	 bowls	 were	 cleared	 away	 from	 the	 tables	

beforehand	 (the	 individual	 reward	plates	were	 left	by	 the	participants	but	

moved	 to	 the	 edge	 of	 the	 table	 out	 of	 reach).	 Participants	were	 told	 that	
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they	would	not	 receive	 feedback	on	 their	 responses	 in	 this	 stage	but	 that	

they	were	still	winning	points.	

	

At	 the	 end	 of	 the	 experiment,	 participants	 were	 encouraged	 to	 eat	 their	

food	 rewards	 from	 the	 training	 phases	 while	 they	 filled	 in	 the	 BIS/BAS	

questionnaire.	Weight	and	height	were	measured	and	BMI	was	calculated.		

	

3.2. Results	

Hunger	and	Desire	Ratings:	The	adolescents’	mean	hunger	rating	was	44%	

(SD:	27%).		In	contrast	to	Experiment	1,	participants	indicated	that	they	had	

more	 desire	 to	 eat	 the	 high-calorie	 foods	 (mean	 rating	 of	 58%,	 SD:	 25%)	

compared	to	the	low-calorie	foods	(mean	40%,	SD:	24%,	t	(110)	=	5.95,	p	<	

0001).		

	

Instrumental	 Training	 Phase.	 As	 can	 be	 seen	 in	 Figure	 5	 (top	 row,	 left	

panel),	participants	learned	across	the	instrumental	training	blocks	to	select	

the	correct	key	for	each	monster	stimulus.	Replicating	the	accuracy	results	

of	 Experiment	 1,	 	 the	 analysis	 showed	 a	main	 effect	 of	 block,	 F	 (8,864)	 =	

66.5,	p	<	0.0001,	but	no	effect	of	calorie	content,	F	<	1,	p	=	0.73.	As	can	be	

seen	 in	 the	 top	 row,	 right	 side	 panel	 of	 Figure	 5,	 this	 same	 pattern	 was	

observed	 for	 correct	RTs	 (main	effect	of	block	F(8,	560)	=	11.8	p	<	0.0001	

but	no	effect	of	calorie	content,	F	<	1,	p	=	0.71)		
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Fig.	5.	Experiment	2:	Top	Row:	Accuracy	(left	panel)	and	RT	(right	panel)	over	the	9	
blocks	of	the	Instrumental	Training	phase.	Bottom	Row:	Accuracy	and	RT	over	the	9	
blocks	 of	 the	 Pavlovian	 Training	 phase.	 Error	 bars	 represent	 standard	 error	 of	 the	
mean.	
	

Pavlovian	 Training	 Phase.	 Participants	 successfully	 learned	 the	

relationships	 between	 the	 cues	 and	 food	 outcomes	 across	 the	 Pavlovian	

training	 blocks.	 The	 analysis	 revealed	 an	 interaction	 between	 block	 and	

calorie,	 F	 (8,856)	 =	 2.8,	 p	 =	 0.01.	 Similarly	 to	 Experiment	 1,	 the	 rate	 of	

learning	appeared	to	be	faster	for	high-calorie	outcomes	(see	bottom	row,	

left	 panel	 of	 Figure	 5).	 Accuracy	 between	 the	 two	 conditions	 was	 not	

significantly	 different	 at	 block	 1,	 t	 (108)	 =	 0.88,	 p	 =	 0.38,	 although	

differences	 in	 performance	 did	 emerge	 and	 accuracy	 was	 significantly	

higher	 for	 high-calorie	 outcomes	 during	 the	 final	 block,	 t	 (109)	 =	 2.8,	 p	 =	
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0.05.	 As	 can	 be	 seen	 in	 the	 bottom	 row,	 right	 panel	 of	 Figure	 5	 and	 in	

contrast	 to	 the	 results	 of	 Experiment	 1,	 calorie	 content	 also	 impacted	 on	

RTs	–	participants	were	relatively	fast	on	high-calorie	trials	as	indicated	by	a	

main	 effect	 of	 calorie	 content,	 F	 (1,97)	 =	 4.7,	 p	 =	 0.03.	 Finally,	 they	 also	

became	 generally	 faster	 over	 the	 course	 of	 the	 training	 as	 indicated	 by	 a	

main	effect	of	block,	F	(8,	776)	=	10.4,	p	<	0.0001.	

	

Test	Phase	–	Direct	&	Indirect	Response	Priming.	Participants’	performance	

on	 the	discriminative	 stimuli	 trials	 of	 the	 test	 phase	was	 still	 good	 (mean:	

78%,	SD:	21%).	We	followed	the	same	procedure	outlined	 in	Experiment	1	

to	calculate	accuracy	on	trials	during	the	priming	test	where	either	the	food	

pictures	(direct	priming)	or	Pavlovian	monsters	(indirect	priming)	had	been	

presented.	The	mean	priming	rate	was	54%,	significantly	higher	than	chance	

level	of	50%,	 t(110)	=	2.9,	p	=	0.005.	Cue	 type	 (2	 levels)	was	added	 to	 the	

repeated	measures	ANOVA	 to	 compare	both	direct-	 and	 indirect-response	

priming.	As	can	be	seen	 in	Figure	6	 (left	panel),	priming	 rates	were	higher	

overall	 for	 the	 high-calorie	 outcomes	 as	 indicated	 by	 a	 main	 effect	 of	

calorie,	F	(1,110)	=	5.0,	p	=	0.03.	In	contrast	to	Experiment	1,	there	was	no	

significant	difference	between	the	cue	types,	F	 (1,110)	=	2.4,	p	=	0.13,	nor	

interaction	between	 these	 two	 variables,	F	<1,	p	 =	 0.36.	 In	 regards	 to	 the	

main	 effect	 of	 calorie,	 it	 is	 clear	 from	Figure	 6	 that	 priming	 rates	 for	 low-

calorie	outcomes	are	extremely	low.	In	fact,	one-sample	t-test	revealed	that	

the	mean	priming	effect	for	low-calorie	outcomes	did	not	differ	significantly	

from	chance	level	of	50%,	t	(110)	=	0.83,	p	=	0.41.	

	

This	 analysis	 was	 repeated	with	 RT	 for	 correctly	 primed	 responses	 as	 the	

dependent	 variable	 which	 yielded	 an	 interaction	 between	 cue	 type	 and	

calorie,	F	 (1,99)	 =	 7.2,	 p	=0.009.	 In	 the	next	 step,	we	 compared	high-	 and	
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low-calorie	priming	rates,	separately	for	the	two	cue	types.	As	in	Experiment	

1,	during	direct-priming	trials	participants	reacted	significantly	faster	for	the	

high-calorie	 outcomes	 compared	 to	 the	 low-calorie	 outcomes,	 t	 (105)	 =	

2.69,	 p	 =	 0.08.	 For	 indirect	 priming,	 surprisingly,	 participants	 responded	

faster	on	low-calorie	trials	relative	to	the	high-calorie	trials,	t	(103)	=	2.2,	p	=	

0.04	(see	Figure	6,	right	panel).	In	order	to	see	whether	this	could	be	due	to	

a	speed-accuracy	trade-off	on	the	indirect-priming	trials,	for	both	high-	and	

low-calorie	 outcomes	we	 correlated	 the	mean	RTs	 during	 indirect	 priming	

with	the	mean	accuracy.	However,	this	was	not	significant	for	either	high-	or	

low-	calorie	indirect	priming	trials	(ps	>	0.58).	

	

Fig.	6.	Experiment	2:	Left	Panel:	Direct	(O-R)	and	indirect	(S-O-R)	priming	rates.	The	
white	dotted	line	represents	50%	chance	level.	Priming	rates	were	higher	overall	for	
high-calorie	 outcomes	 (*	 main	 effect	 of	 calorie	 p	=	0.024).	 Right	 Panel:	 RTs	 on	
correct	 (primed)	 trials	 for	 direct	 and	 indirect	 priming	 and	 high-	 and	 low-calorie	
outcome	pictures.	*	ps	<	0.042.	Error	bars	represent	standard	error	of	the	mean.	
	

	

Correlational	Analyses.	In	order	to	investigate	how	individual	differences	in	

sensitivity	to	reward	would	relate	to	performance	on	the	response-priming	

task	 we	 correlated	 scores	 on	 the	 sensitivity	 to	 reward	 subscale	 of	 the	
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BISBAS	 with	 indirect	 and	 direct	 priming	 rates	 (%)	 for	 high-calorie	 food	

outcomes.	 Reward	 responsiveness	 did	 not	 correlate	 with	 either	 of	 the	

outcome	measures	(ps	>	0.38).		

	

Given	 that	participants	 rated	 the	high-calorie	 foods	as	more	desirable	and	

also	showed	stronger	priming	rates	for	high-calorie	foods	we	investigated	a	

possible	correlational	relationship	between	desire	ratings	and	priming	rates	

(collapsed	across	both	cue	types).	There	was	no	significant	correlation	found	

between	desire	and	priming	rates	for	either	the	high-calorie	foods,	r(109)	=	

0.09,	p	=	0.34,	or	the	low-calorie	foods,	r(109)	=	0.06,	p	=	0.56.	Furthermore,	

the	high-low	difference	 scores	 for	desire	 and	priming	also	didn’t	 correlate	

significantly	with	each	other,	r(109)	=	-0.046,	p	=	0.63.	

	

Gender	Analyses.	We	again	repeated	all	of	the	above	analyses	with	gender	

as	a	between-subjects	factor.	The	only	significant	main	or	interaction	effects	

involving	 gender	 were	 observed	 during	 the	 instrumental	 training	 phase.	

Boys	responded	faster	overall	(mean:	692ms,	SD:	114ms)	compared	to	girls	

(mean:	774ms,	SD:	114ms)	as	indicated	by	a	main	effect	of	gender,	F	(1,	68)	

=	8.9,	p	=	0.004.	

	

3.3. Discussion	

In	 Experiment	 2	we	 broadly	 replicated	 the	 results	 of	 Experiment	 1	with	 a	

new	adolescent	sample	and	with	a	slightly	modified	task	design	in	which	the	

food	rewards	were	directly	delivered	contingent	upon	performance	during	

the	 training	 phases.	 As	 expected,	 and	 in	 contrast	 to	 Experiment	 1,	

participants	did	rate	the	high-calorie	food	as	being	more	desirable	than	the	

low-calorie	food.	This	may	be	because	participants	were	asked	to	taste	the	

food	before	rating	it	in	Experiment	2	and	also	because	this	was	done	at	the	
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beginning	of	the	experiment	(rather	than	at	the	end	as	in	Experiment	1).	In	

Experiment	 2,	 our	 main	 hypothesis	 was	 again	 confirmed	 and	 response	

priming	 was	 found	 to	 be	 stronger	 for	 high-calorie	 relative	 to	 low-calorie	

cues.	 Contrary	 to	 Experiment	 1	 in	which	 this	 effect	was	 only	 observed	 on	

the	direct-priming	trials	(where	the	outcome	was	presented)	in	Experiment	

2	we	also	saw	the	modulating	effect	of	calorie	content	on	 indirect-priming	

trials.	 When	 crisps	 or	 chocolate	 were	 signaled	 by	 the	 Pavlovian	 cues,	

participants	 also	 responded	more	 frequently	 and	 faster	 on	 the	 associated	

key,	 relative	 to	 the	 trials	 in	which	 tomatoes	 and	 cucumber	were	 signaled.	

The	 fact	 that	 we	 observed	 modulation	 of	 the	 indirect-priming	 effect	 by	

calorie	 content	 in	 Experiment	 2	only,	may	be	because	of	 increased	power	

due	 to	 the	 larger	 sample	 size.	 In	 line	 with	 this	 idea,	 the	 RT	 data	 from	

Experiment	1	show	that	although	we	did	not	see	a	difference	 in	response-

priming	rates	participants	did	respond	faster	to	Pavlovian	stimuli	predictive	

of	 high-	 versus	 low-calorie	 outcomes.	 Alternatively,	 the	 procedural	

differences	 in	 Experiment	2	may	have	 led	 to	 this	 different	 result.	 The	 fact	

that	 the	 adolescents	 experienced	 the	 food	 rewards	 during	 the	 training	

phases	 in	 Experiment	 2,	 might	 have	 led	 to	 stronger	 associative	 learning	

(particularly	for	the	more	desirable	high-calorie	foods)	which	in	turn	led	to	

calorie-sensitive	 indirect	 S-O-R	 priming.	 However,	 the	 overall	 low	 rates	 of	

response	 priming	 in	 Experiment	 2	 relative	 to	 Experiment	 1	 speak	 against	

this.	 It	 is	 impossible	 to	 qualify	 whether	 stronger	 associative	 learning	

occurred	 in	 one	 experiment	 relative	 to	 the	 other,	 as	 accuracy	 during	 the	

training	phases	was	 very	high	 leading	 to	possible	 ceiling	effects.	However,	

we	 did	 not	 expect	 that	 the	 response-priming	 rates	 would	 be	 lower	 in	

Experiment	2	relative	to	Experiment	1.	 It	 is	possible	that	the	modifications	

made	to	the	procedure	meant	that	adolescents	were	not	as	engaged	during	

the	response-priming	test	as	they	had	been	in	Experiment	1.		For	example,	
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in	 Experiment	 2	 the	 adolescents	 had	 already	 “won”	 their	 food	 rewards	

during	 the	 training	 phases	 and	 (although	 not	 explicitly	 told)	 nonetheless	

knew	that	they	would	not	win	any	more	food	(only	points)	during	the	test	

phase.		

	

Analyses	of	 the	 reaction	 times	 revealed	a	 surprising	 finding.	 In	 contrast	 to	

Experiment	1,	participants	were	slower	to	respond	for	Pavlovian	stimuli	that	

signaled	 high-calorie	 outcome	 pictures	 during	 the	 indirect	 priming	 trials.	

This	may	have	been	because	participants,	on	the	relatively	complex	indirect-

priming	trials,	tried	harder	to	be	accurate	(at	the	expense	of	their	reaction	

times).	 It	 is	 possible	 that	 exposure	 to	 the	 tasty	 high-calorie	 snacks	 led	

participants	 to	 engage	 in	 such	 a	 strategy	 and	 would	 mean	 that	 explicit	

processes	are	also	contributing	 to	 these	effects,	as	has	been	suggested	by	

other	 researchers	 using	 the	 Pavlovian-to-instrumental	 transfer	 paradigm	

(Hogarth,	Retzler,	et	al.,	2014;	Hogarth,	Dickinson,	Hutton,	Elbers,	&	Duka,	

2006).	 Although	 traditionally	 ideomotor	 (or	 more	 broadly	 associative)	

response	 priming	 has	 been	 conceived	 as	 representing	 behavior	 that	 is	

unconscious	and	automatic	(see	for	review:	Ridderinkhof,	2014),	there	is	no	

conclusive	 evidence	 on	 this	 issue	 (Hommel,	 2013).	 Recent	 theorizing	

suggests	 that	 this	 is	 not	 important	 for	 understanding	 ideomotor	 response	

priming	 –	 the	 underlying	 mechanism	 is	 the	 same	 and	 can	 still	 lead	 to	

maladaptive	 behaviors,	 regardless	 of	whether	 it	 is	 accompanied	or	 not	 by	

explicit	 awareness	 (Hogarth,	 Retzler,	 et	 al.,	 2014;	 Hommel,	 in	 press;	

Ridderinkhof,	 2014).	 Interestingly,	 from	 a	 cognitive	 viewpoint,	 there	 is	 no	

advantage	 to	being	more	accurate	on	 the	high-	 relative	 to	 the	 low-calorie	

trials,	 as	 participants	 were	 informed	 before	 the	 priming	 test	 that	 each	

correct	 response	 would	 be	 rewarded	 with	 one	 point	 and,	 therefore,	 the	

calorie	content	of	the	pictures	was	in	this	regard	irrelevant.	This	interesting	
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result	provides	further	evidence	that	the	adolescents	found	the	high-calorie	

outcomes	particularly	motivating.		

	

We	again	found	very	limited	evidence	for	gender	differences	in	Experiment	

2	 .	 Crucially,	 both	 boys	 and	 girls	 had	 an	 equivalent	 pattern	 of	 response	

priming	with	higher	rates	in	the	presence	of	high-calorie	food	cues.		

	

4. General	Discussion		

Across	two	different	experiments	we	have	shown	that	in	adolescents,	food-

related	choices	can	be	biased	both	directly	and	indirectly	by	external	food-

related	 stimuli.	 This	 study	 is	 the	 first	 to	 demonstrate	 these	 response-

priming	effects	in	adolescents,	replicating	previous	demonstrations	of	direct	

response	priming	by	food	pictures	in	adult	samples	(Hogarth,	2012;	Hogarth	

&	 Chase,	 2011)	 and	 indirect	 response	 priming	 with	 cues	 previously	

associated	with	food	rewards	(Bray	et	al.,	2008;	Prévost	et	al.,	2012;	Watson	

et	 al.,	 2014).	 Moreover,	 we	 show	 that	 this	 ideomotor	 response-priming	

effect	 is	 particularly	 pronounced	 in	 the	 context	 of	 palatable	 high-calorie	

snacks	 relative	 to	 low-calorie	 food.	 These	 findings	 contribute	 to	 previous	

demonstrations	 of	 the	 role	 of	 external	 food	 cues	 on	 children’s	 food	

preferences	 and	 consumption	 (Halford	 et	 al.,	 2004;	 Harris,	 Bargh,	 et	 al.,	

2009;	T.N.	Robinson	et	al.,	2007),	by	providing	support	for	the	idea	that	the	

fundamental	 ideomotor	 mechanism	 may	 contribute	 to	 the	 promotion	 of	

unhealthy	food	choices	by	snack	advertisements.	

	

This	study	raises	a	number	of	 important	questions	in	regards	to	ideomotor	

response	 priming	 and	 the	 role	 of	 motivation.	 We	 found	 that	 response	

priming	was	 sensitive	 to	 the	motivational	 relevance	of	 the	 food	outcomes	

(i.e.	 calorie	 content	 and/or	 palatability	 modulated	 the	 response	 priming	



O-R	priming	in	adolescents	

169	

rates).	 In	 Experiment	 2,	 we	 even	 failed	 to	 find	 evidence	 for	 response	

priming	with	 low-calorie	outcomes	at	 all.	 In	 contrast	 to	 the	 current	 study,	

others	 that	have	 investigated	 these	priming	effects	using	 food	 rewards	 (in	

adults)	have	found	that	the	motivational	relevance	of	the	food	pictures	does	

not	affect	the	priming	rates	(Hogarth,	2012;	Hogarth	&	Chase,	2011;	Watson	

et	 al.,	 2014).	 These	 studies	 have	 previously	 reported	 that	 cues	 associated	

with	food	outcomes	triggered	responding	for	those	outcomes	regardless	of	

whether	the	food	was	currently	desired	or	not.	There	is,	however,	a	crucial	

difference	 in	study	design.	 In	 the	aforementioned	studies	 the	motivational	

value	of	the	food	outcomes	was	manipulated	after	the	training	phases.	For	

example,	participants	 in	 the	Watson	et	al.	 (2014)	study	rated	popcorn	and	

chocolate	Smarties	as	equally	desirable	at	the	beginning	of	the	experiment,	

but	 after	 the	 training	 phases	 one	 of	 these	 food	 outcomes	 was	 devalued	

(through	 consumption).	By	 contrast,	 in	 the	 current	experiments	 there	was	

already	a	motivational	difference	between	 the	high-	and	 low-calorie	 foods	

during	 training.	 Indeed,	 participants	 reported	 a	 preference	 for	 the	 high-

calorie	 foods.	 This	 likely	 led	 to	 the	 formation	 of	 stronger	 O-R	 and	 S-O	

associations	during	training,	which	in	turn	meant	stronger	response	priming	

during	the	test	phase.	Although	we	deem	it	likely	that	the	palatability	of	the	

high-calorie	 foods	 is	driving	 this	motivational	effect	on	priming,	we	should	

point	 out	 that	 we	 failed	 to	 observe	 a	 correlational	 relationship	 between	

self-report	desire	and	priming	rates	 in	Experiment	2.	Furthermore,	there	 is	

evidence	 to	 suggest	 that	 actual	 calorie	 density	 rather	 than	 self-reported	

palatability	 may	 determine	 the	 incentive	 value	 of	 food	 outcomes	 (Tang,	

Fellows,	 Small,	 &	 Dagher,	 2012).	 The	 current	 study	 was	 not	 designed	 to	

discriminate	 between	 these	 factors,	 but	 this	 is	 an	 intriguing	 avenue	 for	

future	 research.	 This	 issue	 may	 also	 have	 practical	 application	 because	 if	

children	and	adolescents’	preferences	 for	healthy	 food	can	be	made	more	
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positive	at	an	early	stage	this	may	in	turn	weaken	the	biasing	effects	of	high-

calorie	food	cues	on	choice	behavior	relative	to	low-calorie	food.	It	has	been	

suggested	that,	theoretically,	the	effects	of	advertising	could	be	utilized	for	

good	 i.e.	by	promoting	healthy	 food	 to	 children	 (Livingstone,	2005)	and	 in	

line	with	this,	children’s	explicit	attitudes	towards	healthy	food	were	seen	to	

become	 more	 positive	 following	 such	 an	 intervention	 (Dixon,	 Scully,	

Wakefield,	 White,	 &	 Crawford,	 2007).	 Future	 studies	 could	 investigate	

whether	 in	 addition	 to	 changes	 in	 explicit	 preferences,	 such	 interventions	

do	 lead	to	stronger	response	priming	for	healthy	 low-calorie	foods	relative	

to	 unhealthy	 high-calorie	 foods.	 Alternatively,	 if	 calorie	 density	 per	 se	 is	

driving	 these	 effects,	 then	 preference	 would	 presumably	 not	 be	 a	 useful	

target	for	intervention.	

	

There	 are	 of	 course	 a	 number	 of	 other	 differences	 between	 the	 current	

paradigm	and	others	that	have	assessed	either	direct-	or	 indirect-response	

priming	by	food	cues	(e.g.	Bray	et	al.,	2008;	Hogarth	&	Chase,	2011;	Watson	

et	al,	2014).	The	current	paradigm	includes	some	novel	features	so	that	we	

could	 examine	 for	 the	 first	 time	 interesting	 questions	 relating	 to	 the	

comparison	of	direct	O-R	and	indirect	S-O-R	priming	as	well	as	the	effect	of	

calorie	content	on	both	these	types	of	response	priming.	In	order	to	ensure	

that	 the	 response	 keys	 were	 equally	 often	 assigned	 with	 high-	 and	 low-

calorie	 food	 outcomes	 (and	 prevent	 a	 response	 bias),	 it	 was	 necessary	 to	

assign	each	response	key	to	two	different	outcomes.	Discriminative	stimuli	

during	 the	 instrumental	 training	 phase	 thus	 supported	 learning	 these	

multiple	associations	and	we	then	included	these	stimuli	in	the	priming	test	

as	an	extra	control	condition.	We	also	used	active	Pavlovian	training	rather	

than	 the	more	 traditional	passive	Pavlovian	 training	where	 the	participant	

just	views	stimuli	on	a	screen.	The	advantage	of	the	active	Pavlovian	training	
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is	that	we	could	examine	the	rate	of	 learning	of	the	relationships	between	

stimuli	 and	 their	 associated	 outcomes	 whereas	 passive	 training,	 by	 its	

nature,	does	not	involve	the	gathering	of	any	data.	We	were	able	to	observe	

during	 the	 Pavlovian	 learning	 phase	 higher	 performance	 on	 high-calorie	

trials.	 It	 should	 be	 noted	 that	 the	 core	 features	 of	 the	 Pavlovian-to-

instrumental	 paradigm	 were	 upheld	 (for	 example	 we	 used	 separate	

instrumental	and	Pavlovian	training	phases	and,	crucially,	Pavlovian	stimuli	

were	never	trained	with	an	instrumental	response).	Although	the	test	phase	

was	conducted	in	nominal	extinction,	with	participants	being	told	that	they	

would	 receive	no	 feedback	but	were	 still	winning	points,	one	 limitation	of	

the	 procedure	 of	 Experiment	 2	 was	 that	 the	 food	 was	 still	 visible	 to	

participants	during	the	test	phase.	However,	given	that	all	participants	had	

earned	a	similar	number	of	each	of	the	four	food	rewards	this	would	have	

been	unlikely	to	bias	their	responding.		

	

Further	research	should	examine	whether	highly	controlled	laboratory	tasks	

such	as	the	present	task	do	translate	to	complex	food-choice	behavior	in	the	

real	world.	 It	 has	been	 suggested	 that	 the	biasing	effect	of	 environmental	

cues	on	choice	behavior	may	be	 important	 for	understanding	maladaptive	

or	addictive	behavior		(Colagiuri	&	Lovibond,	2015;	Hogarth,	2012;	Hogarth,	

Retzler,	et	al.,	2014;	Hogarth	&	Chase,	2011;	Hogarth,	Maynard,	&	Munafò,	

2014;	Lovibond	&	Colagiuri,	2013;	Watson	et	al.,	2014)	and	the	current	data	

contribute	to	this,	by	showing	that	response	priming	by	external	food	cues	

was	more	pronounced	in	the	context	of	palatable,	high-calorie	snack	foods.	

The	 fact	 that	 mere	 exposure	 to	 the	 sight	 of	 food	 can	 bias	 instrumental	

responding	 highlights	 the	 validity	 of	 concerns	 about	 the	 obesogenic	

environment	and	food	marketing	directed	towards	children	and	adolescents	

that	have	previously	been	raised	(Harris	et	al.,	2009).	Furthermore,	we	also	
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show	that	 these	biasing	effects	readily	generalize	to	any	 (neutral)	stimulus	

that	become	associated	with	these	foods,	such	that	these	Pavlovian	stimuli	

will	 indirectly	 influence	 instrumental	 choice	 behavior	 (even	 though	 they	

themselves	have	never	been	trained	directly	with	a	response).	This	points	to	

the	 pervasiveness	 of	 these	 cueing	 effects	 in	 our	 daily	 environment	 and	

suggests	 that	 merely	 reminding	 children	 of	 unhealthy	 palatable	 foods,	

either	 when	 watching	 TV	 or	 playing	 video	 games,	 for	 example,	 can	 be	

enough	to	trigger	response	behavior	directed	towards	gaining	those	foods.		

	

Of	 interest	 is	whether	 some	 individuals	 are	more	 sensitive	 than	 others	 to	

the	 biasing	 effects	 of	 external	 stimuli	 on	 instrumental	 responding.	 The	

sample	used	 in	 the	current	study	was	relatively	homogenous	 in	 regards	 to	

BMI,	 but	 future	 studies	 should	 investigate	 the	 relationship	 between	 BMI	

and	 ideomotor	 response	 priming	 by	 (high-calorie)	 food	 outcomes	 to	 shed	

more	 light	 on	 the	 role	 of	 the	 ideomotor	 mechanism	 in	 external	 stimulus	

control	 over	 food-related	 responses.	 We	 did	 investigate	 whether	

adolescents	scoring	higher	on	impulsivity	and	reward	responsiveness	would	

show	a	stronger	response-priming	effect	 (e.g.	Muhle-Karbe	&	Krebs,	2012)	

particularly	 for	 high-calorie	 food	 outcomes.	 However,	 we	 did	 not	 find	

evidence	 for	 a	 relationship	 between	 response	 priming	 for	 high-calorie	

snacks	 and	 a	 self-report	measure	 of	 impulsivity	 (Experiment	 1)	 or	 reward	

responsiveness	 (Experiment	 2).	 This	 lack	 of	 an	 effect	 could	mean	 that	 the	

general	self-report	measures	of	impulsivity	and	reward	responsiveness	used	

in	 this	 study	 were	 not	 sensitive	 enough.	 It	 has	 recently	 been	 argued,	 for	

example,	 that	 overeating	 is	 related	 to	 deficits	 in	 food-related	 inhibitory	

control	 rather	 than	 general	 response	 inhibition	 (Houben,	 Nederkoorn,	 &	

Jansen,	 2014).	 Likewise,	 a	 relationship	 may	 exist	 between	 instrumental	
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response	 priming	 by	 food	 cues	 and	 food-related	 inhibitory	 control	 (rather	

than	general	impulsivity	or	response	inhibition).		

	

In	 summary,	 this	 study	 provides	 an	 associative	 account	 of	 how	 the	

obesogenic	 environment	 biases	 adolescents’	 food-related	 choices.	 These	

results	 highlight	 the	 ease	 at	 which	 associations	 between	 rewarding	

outcomes,	 responses	 and	 predictive	 stimuli	 are	 acquired	 and	 can	 affect	

behavior,	 even	 after	 very	 limited	 exposure	 to	 these	 relationships.	 As	

adolescents	were	 found	 to	be	more	 sensitive	 to	 the	biasing	 effect	 of	 high	

versus	 low-calorie	 food	 outcomes,	 efforts	 should	 be	 made	 to	 curtail	

targeted	advertising	of	unhealthy	foods	to	adolescents.	
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7		
External	stimulus	control	over	action	for	

food	in	obese	versus	lean	individuals	
	

	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
A	version	of	this	chapter	has	been	submitted	as:	 	Watson,	P.,	
Wiers,	 R.	 W.,	 Hommel,	 B.,	 Gerdes,	 V.E.A.,	 &	 de	 Wit,	 S.	
(submitted).	 External	 stimulus	 control	 over	 action	 for	 food	 in	
obese	versus	lean	individuals.	
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Abstract	

Background/Objectives:	 Our	 obesogenic	 environment	 is	 considered	 a	

significant	 contributor	 to	 the	 obesity	 epidemic.	 In	 the	 current	 study	 we	

examined	 a	 mechanism	 by	 which	 food	 cues	 (signaling	 low-	 versus	 high-

calorie	food)	can	bias	instrumental	responses	directed	towards	those	foods.	

To	 investigate	 the	 clinical	 relevance	 of	 this	 mechanism,	 we	 used	 a	

computerized	 associative	 learning	 task	 and	 compared	 performance	 of	 a	

group	 of	 severely	 obese	 individuals	 to	 that	 of	 a	 healthy-weight	 control	

group.	

Subjects/Methods:	 Performance	 of	 19	 severely	 obese	 individuals	 was	

compared	 to	 19	 healthy-weight	 controls	 matched	 for	 age,	 education	 and	

gender.	 During	 a	 response-priming	 test	 we	 exposed	 participants	 to	 both	

food	pictures	and	 to	Pavlovian	 cues	predictive	of	 those	 food	pictures,	 and	

examined	their	biasing	effect	on	instrumental	choice.	We	expected	priming	

to	 be	 stronger	 with	 palatable,	 high-calorie	 foods	 (potato	 chips	 and	

chocolate)	 relative	 to	 low-calorie	 foods	 (lettuce	 and	 zucchini)	 and,	

furthermore,	 that	 this	 interaction	 would	 be	 particularly	 pronounced	 in	

obese	individuals.	

Results:	 Statistical	 analysis	 revealed	 an	 interaction	 between	 calorie	 and	

group,	 F(1,36)=6.9,	 MSE=0.08,	 p=0.01.	 When	 collapsing	 across	 cue	 type	

(food	 picture	 or	 Pavlovian	 cue)	 obese	 participants	 showed	 higher	 priming	

rates	 for	 the	 high-calorie	 versus	 the	 low-calorie	 outcomes,	 t(18)=3.1,	

p=0.006,	 95%	 CI	 [6%,	 33%].	 By	 contrast,	 in	 the	 healthy-weight	 group,	

performance	 between	 the	 high	 and	 low-calorie	 outcomes	 did	 not	 differ,	

t(18)=0.58,	p=0.57,	95%	CI	[-16%,	9%].	

Conclusions:	 As	 predicted,	 obese	 individuals	 are	 particularly	 vulnerable	 to	

the	biasing	effects	of	high-	relative	to	low-calorie	food	cues.	
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1. Introduction	

Obesity	is	a	major	public	health	issue	and	is	becoming	increasingly	prevalent	

(OECD,	 2014).	 The	 causes	 are	 multi-faceted,	 but	 our	 obesogenic	

environment	with	 cues	 signaling	 tasty,	 palatable	 food,	 is	 argued	 to	 play	 a	

significant	 role	 (Cohen,	 2008;	 Johnson,	 2013;	 Swinburn	 et	 al.,	 2011).	

Scientific	 evidence	 that	 food-associated	 cues	 detrimentally	 influence	 food	

choice	 can	 inform	efforts	 to	 regulate	 the	 food	 industry	 (Harris,	 Pomeranz,	

Lobstein,	 &	 Brownell,	 2009).	 In	 the	 current	 study	 we	 examined	 an	

associative	mechanism	 by	which	 food-associated	 cues	 (both	 low	 and	 high	

calorie)	 can	bias	 instrumental	 responses	 directed	 towards	 those	 foods.	 To	

investigate	 the	 clinical	 relevance	 of	 this	 mechanism,	 we	 compared	 the	

performance	 of	 a	 group	 of	 severely	 obese	 individuals	 to	 that	 of	 healthy-

weight	controls	in	a	computerized	associative	learning	task.		

	

A	number	of	previous	 studies	have	assessed	 the	effect	of	 food	 triggers	on	

behavior	 in	 carefully	 controlled	 laboratory	 settings.	 For	 example,	

presentation	 of	 pictures	 of	 chocolate	 on	 a	 computer	 screen	will	 elicit	 key	

presses	 that	 have	 previously	 yielded	 this	 food	 reward	 (Hogarth,	 2012;	

Hogarth	 &	 Chase,	 2011).	 	 In	 fact,	 merely	 showing	 an	 abstract	 picture	

previously	associated	with	chocolate	will	have	this	biasing	effect	on	choice	

(Bray	et	al.,	2008;	Lovibond	&	Colagiuri,	2013;	Prévost	et	al.,	2012;	Watson	

et	al.,	2014).	 	Figure	1	depicts	 these	two	types	of	 response	priming:	direct	

outcome-response	 (O-R)	 priming	 (captured	 for	 example	 by	 ideomotor	

theory;	 Hommel,	 2009;	 Hommel	 et	 al.,	 2001);	 and	 indirect	 stimulus-

outcome-response	 (S-O-R)	 priming	 (also	 known	 as	 Pavlovian-to-

instrumental	transfer,	PIT,	see	for	review:	S.	de	Wit	&	Dickinson,	2009).	We	

have	 previously	 argued	 that	 these	 associative	 response-priming	

mechanisms	 enable	 the	 obesogenic	 environment	 to	 trigger	 maladaptive	
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food-seeking	 behavior,	 ultimately	 contributing	 to	 overeating	 and	 obesity	

(Swinburn	et	al.,	2011;	Watson	et	al.,	2014).	To	substantiate	this	claim,	the	

present	study	investigates	whether	this	mechanism	is	particularly	potent	in	

obese	individuals.	

	

	

	

Figure	1:	A)	Direct	response	priming	–	the	sight	of	a	croissant	triggers	a	trip	to	the	
bakery	 B)	 Indirect	 response	 priming	 –	 seeing	 a	 painting	 of	 Paris	 reminds	 one	 of	
croissants,	triggering	a	trip	to	the	bakery.	
	

	

In	 the	 current	 study	we	used	 an	 associative	 learning	 task	 (Watson,	Wiers,	

Hommel,	 Ridderinkhof,	 &	 de	 Wit,	 2016)	 to	 investigate	 whether	 choice	

behavior	of	severely	obese	individuals	is	vulnerable	to	the	effect	of	external	

reminders	 of	 palatable,	 high-calorie	 food	 rewards,	 than	 that	 of	 healthy-
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weight	controls.	As	unhealthy	food	choices	are	thought	to	be	an	important	

contributor	 to	 obesity	 (World	 Health	 Organization,	 2015),	 we	 compared	

high-	and	low-calorie	food	outcomes.	During	an	initial	instrumental	training	

phase,	 participants	 earned	 food	 pictures	 (and	 points)	 by	 pushing	 specific	

keyboard	 keys.	 For	 example,	 a	 left	 key	press	 led	 to	 a	picture	of	 chocolate	

and	 a	 right	 key	 press	 to	 a	 picture	 of	 lettuce	 (Figure	 2,	 top	 panel).	

Subsequently,	 during	 Pavlovian	 training,	 participants	 learned	 the	

relationships	between	abstract	 logos	and	these	same	food	pictures	 (Figure	

2,	 bottom	 panel).	 Finally,	 in	 a	 response-priming	 test,	 participants	 were	

shown	the	 logos	and	food	pictures	and	for	each	 image	they	had	to	quickly	

and	 spontaneously	 select	 a	 key.	 We	 measured	 the	 extent	 to	 which	

instrumental	 responses	 would	 be	 primed	 both	 directly	 (by	 the	 food	

pictures)	 and	 indirectly	 (by	 the	 Pavlovian	 logos	 previously	 associated	with	

the	 food	 pictures).	 We	 expected	 that	 the	 palatable,	 high-calorie	 food	

pictures	 would	more	 readily	 prime	 the	 associated	 instrumental	 responses	

than	 low-calorie	 food,	and	 that	 this	effect	would	be	 stronger	 in	 the	obese	

individuals	relative	to	the	healthy-weight	controls.		

	

We	also	included	a	slips-of-action	test	(SOAT;	S.	de	Wit	et	al.,	2012;	Gillan	et	

al.,	 2011)	 to	 investigate	 whether	 participants	 would	 be	 able	 to	 flexibly	

inhibit	previously	learned	responses	based	on	instructed	devaluation	of	the	

outcomes	or	whether	they	would	commit	habitual	“slips	of	action”.		Related	

tasks	 have	 previously	 been	 used	 to	 show	 that	 patients	 with	 obsessive-

compulsive	 disorder,	 alcohol	 addiction,	 binge-eating	 disorder	 (BED)	 and	

obesity	are	generally	 less	flexible	in	their	behavior	(Coppin,	Nolan-Poupart,	

Jones-Gotman,	&	 Small,	 2014;	 Zhang,	Manson,	 Schiller,	&	 Levy,	 2014)	 and	

more	prone	to	relying	on	habits	(Gillan	et	al.,	2011;	Horstmann	et	al.,	2015;	

Sjoerds	et	al.,	2013;	Voon	et	al.,	2015).		We	expected	that	obese	individuals	
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would	 make	 more	 slips	 of	 action	 compared	 to	 healthy-weight	 controls,	

particularly	for	responses	directed	towards	high-calorie	food.	

	

Finally,	 to	 investigate	 the	 relationship	 between	 impulsivity,	 obesity,	 and	

cue-elicited	 response	 priming,	 we	 included	 a	 self-report	 measure	 (the	

Barratt’s	 Impulsivity	 Scale)	 and	 a	 Stop	 Signal	 Reaction	 Time	 (SSRT)	 task.	

Obese	individuals	are	reportedly	relatively	impulsive	–	scoring	high	on	both	

self-report	measures	(Mobbs,	Crépin,	Thiéry,	Golay,	&	Van	der	Linden,	2010;	

Terracciano	et	al.,	2009)	and	response	inhibition	tasks	(Nederkoorn,	Braet	et	

al.,	 2006;	 Nederkoorn,	 Smulders,	 Havermans,	 Roefs,	 &	 Jansen,	 2006;	 see	

review:	 Schag,	 Schönleber,	 Teufel,	 Zipfel,	 &	 Giel,	 2013).	 In	 line	 with	 this,	

individuals	 with	 high	 trait	 impulsivity	 are	 argued	 to	 be	 more	 sensitive	 to	

reward-associated	cues	(Carver	&	White,	1994;	Muhle-Karbe	&	Krebs,	2012;	

Stanford	et	al.,	2009).			

	

In	 summary,	 the	aims	of	 the	 current	 study	were	 to	assess	whether	 choice	

behavior	of	obese	individuals	is	more	sensitive	to	the	biasing	effect	of	food-

associated	 cues,	 particularly	 in	 the	 context	 of	 palatable,	 high-calorie	 food.	

Both	 direct	 (O-R)	 and	 indirect	 (S-O-R)	 forms	 of	 response	 priming	 were	

examined	and	were	related	to	individual	differences	in	performance	on	the	

SOAT	and	impulsivity.	

	

2. Methods	

Participants.	Following	approval	by	the	University	of	Amsterdam	Psychology	

Ethics	 Committee,	 patients	 who	 were	 in	 the	 process	 of	 preparing	 for	

bariatric	 surgery	 to	 reduce	 their	 BMI	were	 recruited	 from	 a	 local	 hospital	

(MC	 Slotervaart).	 None	 of	 the	 invited	 patients	 had	 been	 assessed	 by	 the	

psychologist	and	dietician	of	the	bariatric	surgery	team	as	meeting	the	DSM	
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criteria	 for	 BED.	 Researchers	 did	 not	 have	 access	 to	 medical	 records	 but	

approached	individuals	in	the	waiting	room	and	asked	if	they	would	like	to	

take	 part	 in	 a	 90-min	 study	 investigating	 memory.	 Payment	 of	 €15	 was	

offered.	 28	 obese	 individuals	 were	 subsequently	 tested.	 Participants	 who	

reported	 having	 an	 axis	 1	 disorder	 and/or	 who	 were	 taking	 psychoactive	

medication	were	 subsequently	 excluded.	 The	only	 exception	 to	 this	was	 a	

diagnosis	 of	 depression	 and	 use	 of	 SSRIs	 (selective	 serotonin	 se-uptake	

inhibitors),	which	were	 considered	 to	be	acceptable	 for	 inclusion.	 In	 total,	

nine	 patients	 were	 eventually	 excluded	 from	 the	 obese	 group	 -	 one	 was	

subsequently	 found	 to	 not	 be	 a	 patient	 (was	 attending	 the	 clinic	 with	 a	

friend),	one	 individual	was	post	 rather	 than	pre-operative,	one	participant	

had	been	treated	in	the	past	two	years	for	cocaine	addiction	and	was	taking	

multiple	 psychoactive	 drugs,	 one	 participant	 reported	 having	 short-term	

memory	loss	after	an	accident,	one	participant	had	a	diagnosis	of	ADD	and	

took	 Ritalin,	 one	 participant	 had	 learning	 disabilities,	 one	 participant	 was	

being	 treated	 for	 alcohol	 addiction	 at	 the	 time	 of	 testing,	 one	 participant	

had	 a	mood-disorder	 diagnosis	 and	 one	 participant	was	 prescribed	with	 a	

mood-stabilizing	drug. Of	the	19	obese	participants	that	remained,	four	had	

previously	been	diagnosed	with	depression	and	were	taking	SSRIs.	Using	the	

same	cover	story	of	a	study	investigating	memory,	control	participants	were	

concurrently	 recruited	 from	 two	 sources	 –	 23	 participants	 from	 the	

University	 of	 Amsterdam	 student	 population	 (recruited	 via	 testuva.nl)	 to	

fulfill	 testing	obligations	for	a	student	project	and	25	participants	from	the	

community	 (recruited	 via	 proefbunny.nl	 and	 digiprik.nl)	 to	 fulfill	

demographic	requirements.	Participants	who	registered	their	interest	were	

asked	 to	 fill	 in	a	 short	demographic	questionnaire	before	being	 invited	 for	

testing.	From	the	student	sample	(23	datasets),	data	from	four	participants	

was	 used	 in	 the	 final	 analysis	 (chosen	 on	 the	 basis	 of	 demographic	
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information	without	 reference	 to	 performance	data).	Of	 the	 19	 remaining	

datasets,	three	were	discarded	because	actual	BMI	was	found	to	be	higher	

than	had	been	reported	(>25	kg/m2)	and	data	from	16	participants	was	not	

used	due	to	the	high	levels	of	education	and	low	age	of	this	sample.	Of	the	

community	sample	(25	datasets),	 five	datasets	were	discarded	due	to	high	

BMI	 (>25	 kg/m2)	 and	 five	 datasets	 were	 not	 used	 on	 the	 basis	 of	

demographic	mismatch	with	 the	 final	obese	group.	Statistical	analysis	only	

commenced	 once	 exclusions	 had	 been	 made4.	 Detailed	 demographic	

information	of	the	19	obese	individuals	and	19	gender,	age	and	education-

matched	controls	can	be	found	in	Table	1.	

.	

                                                                    
The	analysis	was	repeated	with	inclusion	of	all	40	healthy-weight	control-
group	participants	and	is	detailed	in	the	results	section.	4  



 

 

Table	1:	Demographics	of	 the	 sample.	 BIS	=	Barratt	 Impulsivity	 Scale;	 SSRT	=	 Stop	Signal	Reaction	Time;	AUDIT	=	Alcohol	Use	Disorder	
Identification	Test;	DBEQ	=	Dutch	Behavioral	Eating	Questionnaire.	

	 Obese	group		 Control	group		 Group	differences	

Group	size	(n)	 19	 19	 	

Gender	Ratio	M:F	 2:17	 2:17	 Equal	ratio	

Age	(SD)	 43.8y	(10.9y)		 45.0y	(14.0y)	 t(35)=0.3,	p=0.78	

BMI	(SD)	 44.3	(7.1)	 23.0	(1.6)	 t(35)=12.8,	p<0.0001	

Education	Ratio	

High	School:	Vocational	College:	University	

3:10:6	 3:8:8	 χ2	(2,	n	=	19)=1.0,	p=0.59	

n.b.	some	cells	have	less	than	5	entries.	

BIS	total	score	(SD)	 62(9)	 61	(12)	 t(35)=1.9,	p=0.83	

SSRT	(SD)	 254ms	(45ms)	 268ms	(108ms)	 t(35)=0.5,	p=0.61	

DBEQ	External	Eating	(SD)	 3.2	(0.4)	 2.8	(0.6)	 t(35)=2.3,	p=0.03	

Pre-test	Hunger	Rating	(SD)	 22%	(24%)	 30%	(29%)	 t(35)=0.9,	p=0.36	

Pre-test	Desire	for	high	calorie	(SD)	 46%	(30%)	 28%(25%)	 t(35)=1.9,	p=0.06	

Pre-test	Desire	of	Low	calorie	(SD)	 24%	(20%)	 26%	(21%)	 t(35)=0.3,	p=0.81	

Pre-test	Stress	Rating	(SD)	 35%	(26%)	 20%(22%)	 t(35)=1.9,	p=0.05	



 

 

Stimuli	and	materials.	The	computerized	response-priming	task	used	was	as	

outlined	by	Watson	and	colleagues	(2014)	 	-	but	with	different	 images	and	

cover	story.	The	SOAT	was	based	on	that	of	de	Wit	and	colleagues	(2012).	

The	 tasks	 are	 described	 in	 the	 Procedure	 (see	 also	 Figures	 2	 and	 3).	 Four	

black-and-white	 logos	 functioned	 as	 discriminative	 cues	 and	 another	 four	

logos	 functioned	 as	 Pavlovian	 cues	 (200	 x	 200	 pixels).	 Photographs	

measuring	260	x	160	pixels	of	potato	chips,	chocolate,	lettuce	and	zucchini	

functioned	as	outcomes		(see	Figure	2).		

	

Food	 Desire,	 Hunger	 and	 Stress	 Questionnaire.	 Participants	were	 asked	 to	

rate	 their	 hunger,	 stress,	 and	 desire	 for	 each	 food	 on	 10-cm	 VAS	 scales	

marked	with	the	anchors:	“none”,	“neutral”	and	“very	much”.		

	

Questionnaires.	 Eating	motivations	were	assessed	with	 the	external	 eating	

subscale	 of	 the	 Dutch	 Eating	 Behavioral	 Questionnaire	 (DEBQ;	 van	 Strien,	

Frijters,	 Bergers,	 &	 Defares,	 1986).	 The	 Barratt	 Impulsivity	 Scale	 (BIS-11;	

Patton,	Stanford,	&	Barratt,	1995)	was	used	to	measure	impulsivity.		

	

SSRT.	Response	inhibition	was	measured	with	the	SSRT	(Logan	et	al.,	1997). 	

Our	 version	 contained	 four	 blocks	 of	 64	 trials.	 A	 staircase-tracking	

procedure	ensured	that	participants	were	able	 to	 inhibit	on	approximately	

50%	 of	 trials.	 Following	 successful	 stopping	 the	 stop	 signal	 delay	 was	

increased	by	50ms,	whereas	following	unsuccessful	stopping	the	delay	was	

decreased	 by	 50ms.	 Longer	 SSRTs	 indicate	 greater	 difficulty	 in	 inhibiting	

prepotent	responses.		

	

Procedure.	 Participants	were	 tested	 on	 a	 laptop.	 Obese	 participants	were	

tested	in	a	room	at	the	hospital	and	control	group	participants	were	tested	
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either	at	the	University,	or	at	their	home	(only	if	individuals	could	be	tested	

alone,	without	distraction).	Participants	were	 first	 given	a	potato	 chip	and	

small	pieces	of	chocolate,	 lettuce	and	raw	zucchini.	They	 then	 tasted	each	

and	completed	the	food	desire,	hunger	and	stress	questionnaire.		

	

They	were	then	given	instructions	for	the	“Delicious	Snack	Game”	 in	which	

they	were	told	as	a	cover	story	that	they	were	driving	along	the	motorway	

and	they	had	to	earn	points	by	collecting	as	many	items	of	food	as	possible	

from	various	 food	 stores	 along	 the	way.	 Two	 cinema	passes	 for	 the	 three	

highest	 performers	 was	 offered	 as	 incentive.	 For	 all	 stages	 of	 the	 task	

described	below,	 the	experimenter	 showed	 the	participants	example	 trials	

from	a	booklet	(with	different	 logos	and	food	pictures)	and	confirmed	that	

the	instructions	were	clear	before	continuing.	
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Figure	 2:	Response-priming	 task	 design.	 Participants	 first	 learned	 the	 relationship	
between	instrumental	responses	and	food	pictures	(zucchini,	lettuce,	chocolate	and	

potato	chips).	They	then	learned	the	relationships	between	four	Pavlovian	logos	and	

these	same	food	pictures.	Direct	response	priming	occurs	if	presentation	of	the	food	

pictures	 during	 the	 test	 phase	 triggers	 the	 previously	 associated	 response	 (e.g.	

chocolate	à	 left	 key).	 Indirect	 response	 priming	 is	 observed	 if	 the	 Pavlovian	 logo	

triggers	the	response	associated	with	the	signaled	food	picture	(e.g.	Square	logo	à	

chocolateà	left	key).		
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The	 task	 began	 with	 the	 instrumental	 training	 phase.	 	 Different	 logos	

signaled	to	participants	that	a	particular	food	was	available	and	that	a	left	or	

right	 key	 press	was	 required	 to	 obtain	 it.	 Participants	 learned	by	 trial	 and	

error	which	 key	 press	would	 be	 rewarded	 in	 the	 presence	 of	 each	 of	 the	

four	discriminative	 logos.	Correct	 responses	were	 followed	by	a	picture	of	

the	food	outcome,	a	cash	register	sound	and	one	point	was	added	to	their	

total	 score	 (displayed	 on	 screen).	 Incorrect	 responses	were	 followed	 by	 a	

buzzer	 sound	 and	 “0”.	 	 “Too	 late”	 was	 displayed	 if	 no	 response	 was	

recorded	within	2s.	Feedback	was	displayed	for	1s.	Across	participants,	each	

of	 the	 food	 pictures	 was	 paired	 with	 each	 of	 the	 Pavlovian	 logos	 (using	

permutation)	 and	was	 paired	 equally	 often	with	 the	 left	 or	 right	 key.	 For	

each	 participant,	 the	 two	 response	 keys	were	 each	 paired	with	 one	 high-

calorie	 and	 one	 low-calorie	 food	 picture.	 80	 trials	 contained	 ten	 blocks	 in	

which	the	four	logos	were	randomly	presented	twice.		

	

During	 the	Pavlovian	 training	phase	 participants	 first	 passively	 viewed	 the	

screen	 and	were	 asked	 to	 remember	 the	 relationships	 between	 four	 new	

logos	and	the	same	four	foods	(see	Figure	2).	For	3s	a	(Pavlovian)	logo	was	

presented	at	 the	 top	of	 screen	 -	 for	 the	 final	 second	one	of	 the	 four	 food	

pictures	 appeared	 underneath	 the	 logo.	 The	 relationships	 between	 the	

logos	 and	 the	 food	 pictures	 were	 permutated	 across	 participants.	 After	 8	

trials	 (two	 random	 presentations	 of	 the	 four	 logo-food	 combinations)	

participants	 were	 told	 that	 they	 would	 be	 tested	 on	 what	 they	 had	 just	

learned.	On	each	 trial	of	active	Pavlovian	 training	a	 logo	was	presented	at	

the	 top	 of	 the	 screen	 and	 smaller	 versions	 of	 the	 four	 food	 pictures	

presented	underneath	 in	a	 random	2x2	matrix.	Participants	had	3s	 to	click	

on	the	correct	 food	 image	with	the	mouse.	Feedback	 (1s)	was	the	 full-size	

image	 of	 the	 correct	 food	 picture	 with	 either	 the	 number	 of	 points	
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displayed	above	(“1”	or	“0”	for	correct	or	incorrect	responses)	or	“too	late”	

for	 response	 omissions.	 80	 trials	 contained	 ten	 blocks	 in	 which	 the	 four	

logos	were	randomly	presented	twice.		

	

On	 each	 trial	 of	 the	 response-priming	 test	 a	 logo	 or	 food	 picture	 was	

presented.	Participants	were	instructed	to	select	either	the	left	or	the	right	

key	 as	 quickly	 as	 possible	 in	 order	 to	 collect	 the	 signaled	 food.	 If	 they	

weren’t	 sure	 they	 were	 told	 to	 not	 think	 too	 hard	 about	 the	 correct	

response	but	to	spontaneously	select	a	key	in	a	non-systematic	order.	They	

would	 not	 receive	 any	 feedback	 on	 their	 responses	 but	were	 still	 earning	

points.	On	each	trial	one	of	 the	 twelve	pictures	 that	had	been	used	 in	 the	

task	 was	 presented	 for	 2s	 or	 until	 a	 response	 was	 made	 (the	 four	 food	

pictures	 to	 assess	 direct	 priming,	 the	 four	 Pavlovian	 logo	 stimuli	 to	 assess	

indirect	response	priming	and	the	four	instrumental	logo	stimuli	as	a	control	

condition).	No	feedback	was	given.	48	trials	contained	2	blocks	in	which	the	

12	 pictures	 were	 randomly	 presented	 twice.	 The	 ITI	 during	 the	 response-

priming	task	was	1-2s	(random).	

	

Participants	 then	 had	 a	 5-minute	 break	 before	 continuing	with	 the	 SOAT.	

This	 began	 with	 four	 refresher	 blocks	 of	 instrumental	 training	 (32	 trials).	

Participants	were	 then	 tested	on	 their	 knowledge	of	 the	O-R	 relationships	

during	 a	 brief	 outcome-devaluation	 test	 (S.	 de	Wit	 et	 al.,	 2007).	 On	 each	

trial,	 two	 of	 the	 outcome	 pictures	 (either	 both	 low-calorie	 or	 both	 high-

calorie)	 were	 presented	 for	 2s,	 one	 above	 the	 other	 (see	 Figure	 3).	

Participants	 had	 to	 press	 the	 key	 belonging	 to	 the	 still-valuable	 food	

outcome	that	did	not	have	a	 red	cross	 through	 it.	No	 feedback	was	given.	

During	8	trials	each	outcome	was	devalued	four	times.	Finally,	participants	

performed	 the	 SOAT.	 Participants	 were	 instructed	 that	 they	 should	 not	
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respond	 for	devalued	 foods	 (those	with	a	 red	cross	 through	 them).	At	 the	

start	of	each	of	four	blocks,	the	food	outcomes	were	presented	on	screen,	

but	 two	 of	 these	 (one	 high	 and	 one	 low	 calorie)	 had	 a	 red	 cross	 through	

them	 to	 indicate	 that	 these	 would	 now	 lead	 to	 subtraction	 of	 points.	

Subsequently,	 a	 series	 of	 discriminative	 logos	 were	 presented	 for	 1s.	

Participants	were	instructed	to	earn	points	by	pressing	the	appropriate	keys	

for	 logos	 associated	 to	 still-valuable	 outcomes	 (“go	 trials”)	 but	 to	 refrain	

from	responding	for	 logos	associated	with	a	now-devalued	food	item	(“no-

go”	 trials).	No	 feedback	was	given.	Each	of	 the	 four	 logos	was	shown	 four	

times	 per	 block,	 and	 across	 blocks,	 each	 of	 the	 outcomes	 was	 devalued	

twice.	We	also	administered	a	baseline	version	of	the	task	that	was	identical	

except	that	participants	now	saw	the	four	logos	appear	at	the	start	of	each	

block.	 This	 baseline	 version	 places	 similar	 demands	 on	 working	

memory/response	 inhibition,	but	unlike	 the	 slips-of-action	 test	 it	 does	not	

require	 evaluation	 of	 an	 anticipated	 outcome.	 The	 order	 of	 the	 two	 tests	

was	counterbalanced	across	participants.	

	

Participants	 then	 completed	 the	 SSRT	 task,	 BIS	 and	 DEBQ	 questionnaires.	

Weight	and	height	were	measured	and	payment	given.	

	



Chapter	7	

 

190	

	

Figure	 3:	 Slips-of-action	 task	 design.	 Participants	 first	 repeated	 the	 instrumental	

training	phase.	In	the	outcome-devaluation	test	they	then	had	to	select	the	key	that	

led	to	the	still-valuable	outcome	(no	red	cross).	Finally	they	had	to	memorize	which	

food	outcomes	were	still	valuable	and	then	decide	upon	presentation	of	every	logo	

whether	or	not	they	should	respond	for	the	outcome	it	signaled.	
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Statistics:	Accuracy	and	RT	 (correct	 trials	only)	were	subjected	to	separate	

ANOVAs	with	group	(obese/healthy	weight);	calorie	(high/low);	and	for	the	

training	phases,	block	 (1-10)	as	variables.	Greenhouse-Geisser	p	values	are	

reported	 with	 the	 original	 degrees	 of	 freedom.	 A	 significance	 criterion	 of	

p=0.05	 was	 adopted	 and	 all	 reported	 t-tests	 were	 two-tailed.	 Marginally	

significant	results	(0.05<p<0.10)	will	be	reported	upon	but	not	investigated	

further.	

	

3. Results	

Participants.	 As	 can	 be	 seen	 in	 Table	 1,	 the	 groups	 were	 matched	 on	

gender,	age	and	education	level.	While	there	were	no	significant	differences	

between	the	groups	on	pre-test	hunger	rating	or	desire	for	the	low-calorie	

foods,	the	obese	group	did	report	higher	levels	of	desire	for	the	high-calorie	

foods.	 Contrary	 to	 expectations,	 the	 groups	 did	 not	 differ	 significantly	 on	

the	BIS	total	score	or	SSRT.	The	obese	group,	however,	scored	significantly	

higher	on	DBEQ	external	eating,	and	reported	higher	levels	of	stress.	

	

Instrumental	 Training	 Phase.	 Participants	 had	 learned	 by	 the	 end	 of	

instrumental	 training	 which	 key	 press	 was	 required	 to	 successfully	 obtain	

food	pictures	with	mean	 accuracy	 of	 86%	 (SD:20%)	 during	 the	 final	 block.	

Showing	 performance	 improvement	 over	 time,	 the	 accuracy	 analysis	

revealed	a	main	effect	of	block,	F(9,315)=15.5,	MSE=0.09,	p<0.0001.	There	

were	no	further	significant	results	(all	ps>0.28).	

	

The	 RT	 analysis	 revealed	 a	 main	 effect	 of	 block	 only,	 F(9,171)=4.8,	

MSE=181096,	 p=0.03,	 indicating	 that	 participants	 became	 faster	 over	 the	

course	of	training.	There	were	no	further	significant	results	(all	ps>0.27).	
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Pavlovian	Training	Phase.	The	accuracy	analysis	confirmed	that	participants	

became	more	accurate	over	the	course	of	Pavlovian	training	at	associating	

particular	logos	with	food	outcomes,	as	indicated	by	a	main	effect	of	block,	

F(9,279)=5.4,	MSE=0.05,	 p<0.0001	 (see	 figure	 4).	 There	 were	 no	 further	

significant	 results	 (all	 ps>0.33).	 Likewise,	 for	 the	 RT	 analysis	 there	 was	 a	

main	effect	of	block	only,	F(9,216)	=14.2,	MSE=15837,	p<0.0001.	There	were	

no	further	significant	results	(all	ps>0.14).	

	

	

Figure	 4:	 Training	 Phases.	 Left	 panel:	 Accuracy	 over	 the	 10	 blocks	 of	 the	
Instrumental	 Training	 phase.	 Overall,	 participants	 in	 the	 obese	 group	 were	 more	

accurate	than	healthy-weight	controls	for	the	high-calorie	outcomes	(p=0.04).	Right	
panel:	Accuracy	over	the	10	blocks	of	the	Pavlovian	Training	phase.		

	

Test	 Phase	 –	 Direct	 &	 Indirect	 Response	 Priming.	 Participants	

demonstrated	 that	 the	 discriminative	 associations	 from	 the	 instrumental	

training	 phase	were	 still	 present	with	mean	 accuracy	 of	 73%	 (SD:23%)	 on	

trials	 in	 which	 the	 discriminative	 stimuli	 were	 presented.	 The	 data	 of	

interest	 were	 response-priming	 rates	 on	 trials	 where	 either	 the	 food	

pictures	 (direct	 response	 priming)	 or	 Pavlovian	 logos	 (indirect	 response	

priming)	 were	 presented.	 Trials	 were	 considered	 accurate	 (and	 priming	

successful)	 when	 participants	 selected	 the	 response	 that	 during	
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instrumental	 training	 had	 yielded	 the	 outcome	 currently	 being	

presented/signaled.	 The	 mean	 priming	 rate	 was	 60%,	 significantly	 higher	

than	50%	chance	level,	t(37)=3.7,	p=0.001.	To	compare	the	effect	of	calorie	

on	both	direct	and	indirect	priming,	cue	type	was	added	to	the	ANOVA.	This	

analysis	 revealed	 an	 interaction	 between	 calorie	 and	 group,	 F(1,36)=6.9,	

MSE=0.08,	p=0.01,	but	no	significant	effects	involving	cue	type	(all	ps>0.17).		

As	 can	 be	 seen	 in	 Figure	 5,	 when	 collapsing	 across	 cue	 type,	 obese	

participants	 showed	 higher	 priming	 rates	 for	 the	 high-calorie	 versus	 the	

low-calorie	 outcomes,	 t(18)=3.1,	 p=0.006,	 95%	 CI	 [6%,	 33%].	 In	 fact,	 low-

calorie	 priming	 rates	 for	 obese	 participants	 were	 not	 significantly	 higher	

than	50%	chance	level	(one	sample	t-test,	t(18)=0.24,	p=0.82,	95%	CI	[-12%,	

9%]).	 In	 contrast,	 in	 the	 healthy-weight	 group,	 performance	 between	 the	

high	and	 low-calorie	outcomes	did	not	differ,	t(18)=0.58,	p=0.57,	95%	CI	 [-

16%,	 9%],	 and	 mean	 accuracy	 was	 significantly	 higher	 than	 50%	 chance	

level,	t(18)=3.3,	p=0.004,	95%	CI	[5%,	23%].	
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Figure	5:	Response	 -Priming	Test.	Obese	participants	 showed	higher	priming	 rates	

for	high	versus	low-calorie	outcomes.	Performance	did	not	differ	for	healthy-weight	

controls.	White	dotted	line	indicates	50%	chance	level.	*	p=0.006.	
	

The	RT	analysis	displayed	no	significant	effects	(all	ps>0.18).		

	

Refresher	 Instrumental	 Training.	 During	 the	 final	 block	 of	 the	 refresher	

training	 the	mean	 accuracy	was	 90%	 for	 the	 obese	 group	 (SD:17%)	which	

did	 not	 differ	 significantly	 from	 the	 healthy-weight	 group	 mean	 accuracy	

84%	(SD:22%),	t(36)=0.93,	p=0.36,	95%	CI	[-19%,	7%].		

	

Outcome-Devaluation	 Test.	 The	 ability	 of	 participants	 to	 select	 responses	

associated	with	still-valuable	outcomes	was	examined	during	the	outcome-

devaluation	 test.	 The	 repeated	 measures	 ANOVA	 did	 not	 reveal	 any	

significant	effects	for	the	accuracy	measurement	(all	ps>0.36)	nor	for	the	RT	

(all	ps>0.41).	
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SOAT.	One	participant	was	excluded	 from	 the	obese	group	as	 she	did	not	

understand	 the	 instructions	and	 responded	on	all	 trials.	 For	 the	 remaining	

participants,	ANOVA	analyzed	the	mean	percentages	of	responding	to	logos	

associated	 with	 devalued	 outcomes	 (no-go	 trials)	 and	 still-valuable	

outcomes	(go	trials)	as	a	function	of	calorie	content.	This	analysis	revealed	a	

main	 effect	 of	 value,	 F(1,	 35)=50.0,	MSE=0.16,	 p	 <0.0001,	 indicating	 that	

participants	successfully	responded	more	for	stimuli	predicting	still-valuable	

outcomes	(go	trial	mean	response	rate	72%,	SD:28%)	compared	to	devalued	

outcomes	 (no-go	 trials	mean	 response	 rate	 25%,	 SD:27%).	 There	were	 no	

further	 significant	 effects	 (all	 ps>0.13),	 meaning	 that	 –	 contrary	 to	 our	

expectations	 -	 the	 two	groups	did	not	differ	 significantly	 in	 their	 ability	 to	

selectively	 withhold	 responses	 for	 devalued	 outcomes,	 nor	 was	

performance	 level	 related	 to	 the	 calorie	 content	 of	 the	 outcome.	 In	 a	

separate	analysis,	the	same	pattern	of	results	was	observed	in	the	baseline	

test	(main	effect	of	value	only,	F(1,35)=184,	MSE=0.98,	p<0.0001).		

	

Correlational	Analyses.	 After	 confirming	 data	 distribution	we	 correlated	 a	

number	 of	 variables	with	 the	mean	 high-calorie	 response-priming	 rates	 in	

separate	 group	 analyses.	 As	 can	 be	 seen	 in	 Table	 2,	 no	 significant	

relationships	were	observed	 in	either	group	between	desire	and	the	DBEQ	

external	 eating	 score,	 BIS	 total	 impulsivity	 score,	 or	 SSRT	 performance.	

However,	we	did	 find	 that	higher	 impulsivity	 (SSRT)	was	 related	 to	poorer	

performance	on	both	the	SOAT	and	the	baseline	test.		
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Table	2:	Results	from	correlational	analyses.	See	text	for	details.	

	

Control	 Analyses.	 Three	 participants	 (from	 the	 control	 group)	 scored	 no	

better	 than	 50%	 (chance	 level)	 during	 the	 final	 block	 of	 instrumental	

training.	We	repeated	all	of	the	above	analyses	after	excluding	these	three	

participants.	 This	 did	 not	 change	 the	 observed	 pattern	 of	 results	 and,	

crucially,	 during	 the	 response-priming	 task	 we	 replicated	 the	 Calorie	 x	

Group	interaction	F(1,	33)=4.2,	MSE=0.07,	p=0.05.		

	

As	groups	differed	on	reported	stress	and	DBEQ	external	eating	scores	we	

repeated	 the	 response-priming	 test	 analysis	 entering	 these	 two	 factors	 as	

covariates.	 We	 replicated	 the	 Calorie	 x	 Group	 interaction	 F(1,	 34)=8.1,	

Variables	in	correlational	analysis	 Results	

High-calorie	priming	x	desire	score	 Obese	group:	r(17)=-0.1,	p=0.69	

Control	group:	r(17)=0.4,	p=0.08	

High-calorie	priming	x	DBEQ	EE	 Obese	group:	r(17)=	-0.4,	p=0.08	

Control	group:	r(17)=0.3,	p=0.10	

High-calorie	priming	x	BIS	total	 r(36)=0.1,	p=0.72	

High-calorie	priming	x	SSRT	 r(36)=-0.1,	p=0.41	

Slips	of	action	(difference	score	valuable	–	

devalued)	x	SSRT	

rho(35)=-0.4,	p=0.01	

Slips	of	action	(baseline	test;	difference	score	

valuable	–	devalued)	x	SSRT	

rho(35)=-0.4,	p=0.03	
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MSE=0.60,	p=0.007,	with	no	 significant	effects	 involving	 the	 covariates	 (all	

ps>0.23).	

	

Control-group	 participants	 were	 selected	 for	 analysis	 on	 the	 basis	 of	

demographic	 information	 (to	 rule	out	potential	 confounding	effects	of	age	

and	education	level	on	response-priming	rates).	However,	the	analysis	was	

repeated	with	 inclusion	of	all	40	control-group	participants	who	were	of	a	

healthy	weight	(BMI	<	25	kg/m2).	This	did	not	change	the	observed	pattern	

of	results	and	during	the	response-priming	task	we	replicated	the	Calorie	x	

Group	interaction	F(1,	57)=13.2,	MSE=0.06,	p=0.001.		

	

Finally,	given	that	serotonin	levels	are	known	to	affect	performance	on	the	

slips-of-action	 task	 (Worbe,	 Savulich,	 de	Wit,	 Fernandez-Egea,	 &	 Robbins,	

2015)	 we	 replicated	 the	 analyses	 from	 the	 slips-of-action	 task	 after	

exclusion	of	the	four	obese	participants	who	had	a	diagnosis	of	depression	

and	 were	 using	 SSRIs.	 The	 pattern	 of	 results	 was	 replicated,	 with	 only	 a	

significant	main	effect	of	value,	F(1,	31)=365.8,	MSE=0.17,	p<0.0001.	

	

4. Discussion	

This	 study	 demonstrates	 that,	 for	 severely	 obese	 individuals,	 the	 biasing	

effects	 of	 external	 food	 cues	 on	 instrumental	 responding	 are	 particularly	

potent	 in	 the	 context	 of	 palatable,	 high-calorie	 food	 outcomes	 relative	 to	

low-calorie	 outcomes.	 When	 obese	 participants	 were	 shown	 pictures	 of	

potato	 chips	 or	 chocolate	 (or	 Pavlovian	 logos	 associated	with	 these)	 they	

more	frequently	selected	the	key	that	had	previously	yielded	the	(signaled)	

food	 picture.	 	 By	 contrast,	 when	 presented	 with	 pictures	 of	 (or	 logos	

predictive	 of)	 lettuce	 and	 zucchini,	 obese	 participants	 pushed	 the	 two	

response	keys	equally	often	(scoring	no	better	than	chance	level).	Healthy-
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weight	controls	did	not	show	this	differential	pattern	of	responding	for	high-	

and	 low-calorie	 cues,	 and	 responded	 on	 the	 key	 associated	 with	 the	

presented/signaled	 picture	 regardless	 of	 calorie	 content.	 It	 has	 previously	

been	 suggested	 that	 these	 response-priming	 effects	 likely	 underlie	

maladaptive	or	 addictive	behavior	 (Colagiuri	&	 Lovibond,	 2014;	Hogarth	&	

Chase,	 2011;	 Watson	 et	 al.,	 2014)	 and	 these	 results	 provide	 the	 first	

evidence	 that	 response	 priming	 by	 external	 stimuli	 is	 exaggerated	 in	 a	

clinical	population,	in	the	context	of	high-	relative	to	low-calorie	outcomes.	

	

We	found	that	 logos	previously	associated	with	food	pictures	were	able	to	

trigger	 instrumental	 responses	 to	 the	 same	 degree	 as	 the	 food	 pictures	

themselves.	 The	 fact	 that	 food	 pictures	 and	 abstract	 stimuli	 predictive	 of	

these	 can	 bias	 choice	 (even	 after	 such	 limited	 training)	 reinforces	 the	

concerns	 that	 have	 been	 expressed	 about	 the	 obesogenic	 environment	

(Cohen,	2008;	Harris	et	al.,	2009;	Swinburn	et	al.,	2011).	The	finding	that	the	

motivating	 properties	 of	 food	 can	 generalize	 to	 stimuli	 that	 have	 been	

associated	 with	 that	 food,	 underscores	 the	 powerful	 influence	 of	 an	

environment	 that	 constantly	 signals	 the	 availability	 of	 unhealthy,	 calorie-

dense	food,	and	the		challenge	that	it	poses	for	those	who	struggle	to	resist	

this	temptation.		

	

Interestingly,	 in	 a	 previous	 study	 with	 the	 same	 paradigm,	 adolescents	

performed	similarly	to	the	obese	group	in	the	current	study,	demonstrating	

stronger	 response-priming	 effects	 in	 the	 context	 of	 high-	 relative	 to	 low-

calorie	 outcomes	 (Watson	 et	 al.,	 2016).	 	 Given	 that	 the	 majority	 of	 the	

adolescents	in	that	study	were	in	the	healthy	BMI	range,	it	raises	interesting	

questions	as	to	whether	these	associations	can	predict	future	behavior	(and	

weight	 gain)	 or	whether	 adolescents	 are	 hyper-sensitive	 to	 the	 rewarding	
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effects	 of	 tasty	 high-calorie	 foods	 as	 has	 been	 observed	 with	 financial	

rewards	(Galvan,	2010;	Van	Leijenhorst	et	al.,	2010).	 It	 remains	to	be	seen	

whether	 the	 response-priming	 effects	 will	 change	 in	 this	 group	 as	 the	

motivational	relevance	of	healthy	food	becomes	more	significant	with	age.	

	

From	a	clinical	perspective	it	is	unclear	how	to	weaken	learned	associations	

between	 cues,	 food	 and	 responses.	 	 Once	 established,	 these	 associations	

have	been	shown	to	bias	choice	towards	the	food	that	 is	being	signaled	to	

be	 available	 by	 one’s	 current	 environment	 even	when	 one	 is	 already	 fully	

sated	on	that	food	 (Watson	et	al.,	2014).	Furthermore,	a	recent	MRI	study	

provided	evidence	that	this	response	priming	effect	is	related	to	activity	of	

the	posterior	putamen,	a	brain	region	that	has	previously	been	implicated	in	

inflexible,	 habitual	 behavior	 (Bray	 et	 al.,	 2008).	 Finally,	 these	 associations	

appear	to	be	highly	persistent	and	resistant	to	extinction	(reviews:	Boutelle	

&	Bouton,	 2015;	 Bouton,	 2011).	However,	 given	 that	 bariatric	 surgery	has	

been	seen	to	reduce	self-reported	craving	and	striatal	dopaminergic	neural	

responses	 to	palatable	 food	pictures	 (Ochner	et	al.,	2011,	2012;	Scholtz	et	

al.,	 2013),	 it	 remains	 possible	 that	 our	 group	 of	 obese	 individuals	 would	

post-operatively	 show	 a	 reduced	 response	 priming	 effect	 for	 high-calorie	

foods.	 As	 the	 motivational	 significance	 of	 healthier	 low-calorie	 foods	

increases,	 we	 would	 also	 expect	 response	 priming	 by	 low-calorie	 food	

outcomes	to	increase.		

	

The	current	study	used	an	associative	 learning	framework	to	examine	cue-

elicited	 responding	 for	 food	 outcomes.	 The	 presence	 of	 high-reward	

outcomes	during	 training	 is	 argued	 to	 strengthen	 the	 associations	 learned	

between	 outcomes	 and	 responses	 (and	 cues	 and	 outcomes),	 leading	 to	

stronger	 response	priming	at	 test	 for	high-reward	outcomes	 (Muhle-Karbe	
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&	Krebs,	2012;	Watson	et	al.,	2016).	Although	we	claim	that	this	associative	

mechanism	 can	 provide	 insight	 into	 exactly	 how	 the	 obesogenic	

environment	 can	 bias	 behavior,	 this	 is	 by	 no	means	 intended	 to	 be	 a	 full	

account	of	 the	processes	 leading	 to	 the	development	and	maintenance	of	

obesity,	 which	 is	 a	 highly	 complex	 condition.	 We	 expected	 some	 of	 the	

personality	 and	 behavioral	 measures,	 such	 as	 impulsivity,	 to	 offer	 further	

insight	but	this	was	not	the	case.	We	did	not	find	any	evidence	of	increased	

impulsivity	 in	 the	 obese	 group	 relative	 to	 the	 healthy	 controls,	 and	 obese	

individuals	did	not	make	any	more	slips	of	action	 in	 the	presences	of	cues	

signaling	devalued	food	outcomes.	These	unexpected	results	are	in	contrast	

to	 previous	 findings	 suggesting	 that	 obese	 individuals	 are	 less	 able	 to	

flexibly	 modulate	 responding	 on	 the	 basis	 of	 changes	 in	 outcome	 value	

(Coppin	 et	 al.,	 2014;	 Horstmann	 et	 al.,	 2015;	 Zhang	 et	 al.,	 2014)	 and	 are	

more	 impulsive	 (Mobbs	 et	 al.,	 2010;	 Nederkoorn,	 Braet,	 et	 al.,	 2006;	

Nederkoorn,	 Smulders,	 et	 al.,	 2006;	 Schag	 et	 al.,	 2013;	 Terracciano	 et	 al.,	

2009),	 particularly	 when	 examining	 impulsive	 responses	 directed	 towards	

food	pictures	 (Houben,	Nederkoorn,	&	 Jansen,	 2014;	Nederkoorn,	 Coelho,	

Guerrieri,	 Houben,	 &	 Jansen,	 2012).	 A	 possible	 explanation	 is	 that	 in	 the	

current	 study,	 only	 obese	 individuals	 without	 symptoms	 of	 BED	 were	

included	and	these	did	not,	therefore,	have	a	tendency	towards	compulsive	

behavior.	The	presence	or	absence	of	BED	is	not	always	assessed	in	studies	

of	 obesity	 although	 task	 performance	 can	 markedly	 differ	 (Schag	 et	 al.,	

2013;	 Voon	 et	 al.,	 2015)	 with	 one	 study	 providing	 evidence	 that	 obese	

individuals	 with	 BED	 relied	 on	 inflexible,	 ‘model-free’	 decision-making	

whereas	those	without	performed	as	well	as	healthy-weight	controls	(Voon	

et	al.,	2015).	To	conclude,	the	precise	personality	traits	that	characterize	a	

clinical	 group	of	 severely	obese	 individuals	 and	 their	 vulnerability	 to	 food-

associated	cues	remain	to	be	illuminated.	
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In	 summary,	 this	 study	 is	 the	 first	 to	 provide	 evidence	 for	 the	 clinical	

relevance	of	this	associative	response-priming	mechanism	by	demonstrating	

that	 it	 is	 exaggerated	 in	 obese	 individuals,	 particularly	 in	 the	 context	 of	

palatable,	high-calorie	food	outcomes.	Not	only	being	confronted	with	food	

but	 even	 merely	 being	 reminded	 of	 it	 is	 enough	 to	 trigger	 instrumental	

behaviors	 directed	 towards	 that	 food.	 This	 means	 that	 our	 obesogenic	

environment	with	a	plethora	of	cues	signaling	 the	availability	of	unhealthy	

foods	can	significantly	impact	behavior	via	learned	associations,	particularly	

in	a	vulnerable	subset	of	individuals.	Efforts	should	be	made	to	prevent	the	

formation	 of	 these	 associations	 and	 further	 investigate	 ways	 to	 disrupt	

them	to	reduce	the	impact	of	food	cues	on	unhealthy	food	choices.	
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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.,	



Chapter	8	

210	

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.		

	



Chapter	8	

214	

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	



Review:	O-R	priming	and	motivation	

217	

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.	
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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.	



 

 

9		
Summary,	Discussion	&	implications	
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General	Discussion	

The	work	presented	in	this	dissertation	has	improved	our	understanding	of	

the	role	of	fundamental	associative	mechanisms	in	decision	making.	With	a	

theoretical	 framework	 that	 links	 animal	 learning	 theory	 with	 human	

psychology,	 we	 offer	 insight	 into	 how	 reward-related	 cues	 in	 our	

environment	can	influence	both	approach	tendencies	and	choice	behavior.	

This	dissertation	extends	previous	work	examining	how	reward-related	cues	

induce	craving	by	demonstrating	an	outcome-response	priming	mechanism	

that	 allows	 for	 these	 cues	 to	 drive	 reward-seeking	 behavior,	 sometimes	

even	in	the	absence	of	explicit	desire.	This	approach	is	therefore	not	only	of	

theoretical	 interest,	 but	 also	 holds	 clinical	 significance	 for	 understanding	

maladaptive	 behaviors	 that	 persist	 contrary	 to	 explicit	 motivation,	 in	 for	

example	addiction	and	obesity.	

		

Approach	Bias	

As	 outlined	 in	 Chapters	 2	 and	 3,	 the	 approach	 bias	 towards	 addictive	

substances	 is	 a	 behavioral	 tendency	 that	 appears	 to	 be	 related	 to	 actual	

drug	use.	We	were	interested	in	the	possible	motivational	mechanisms	that	

could	underlie	the	approach	bias,	whether	goal-directed	(driven	by	positive	

outcome	 expectancies),	 habitual	 (unaffected	 by	 changes	 in	 the	 incentive	

status	of	the	drug	outcome)	or	purely	Pavlovian	in	nature	(or	some	mixture	

of	 these).	We	 tested	 this	 hypothesis	 directly	 in	 Chapter	 3	 and	 found	 that,	

contrary	 to	 expectations,	 recently	 smoking	 a	 cigarette	 led	 to	 an	 increased	

approach	bias	for	cigarettes.	This	is	(unexpectedly)	more	in	line	with	an	O-R	

priming	 account	 than	 the	 goal-directed,	 habit	 or	 Pavlovian	 accounts.	

Subsequent	studies	have	continued	to	find	variable	patterns	of	results	when	

examining	 how	 motivational	 factors	 modulate	 the	 approach	 bias.	 Cousijn	
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and	colleagues	(Cousijn,	Snoek,	&	Wiers,	2013)	for	example,	compared	the	

approach	 bias	 to	 cannabis	 in	 two	 groups	 of	 heavy	 users,	 those	 who	 had	

used	 cannabis	 within	 the	 last	 hour	 (post-cannabis	 group)	 and	 those	 who	

were	 intending	 to	 use	 within	 the	 next	 two	 hours	 (pre-cannabis	 group).	

While	the	post-cannabis	group	showed	reduced	craving	for	cannabis	(due	to	

satiation),	 there	was	no	evidence	of	a	reduced	approach	bias	 in	this	group	

relative	 to	 the	pre-cannabis	 group.	 In	 an	 intriguing	 study	 investigating	 the	

‘ironic’	 effects	of	 no-smoking	 signs,	 Earp	 and	 colleagues	 (Earp,	Dill,	Harris,	

Ackerman,	&	Bargh,	2013)	had	smokers	make	perceptual	 judgments	about	

natural	 images	 in	 which	 “no	 smoking”	 signs	 were	 subtly	 embedded	

(experimental	 group)	 or	 edited	 out	 (control	 group)	 and	 then	 used	 a	

modified	 approach	 avoidance	 task	 (AAT)	 to	 measure	 the	 approach	 bias	

towards	 smoking	 versus	 neutral	 images.	 Participants	 that	 had	 viewed	 the	

no-smoking	signs,	showed	an	increased	approach	bias	to	cigarettes,	possibly	

indicating	a	subtle	O-R	priming	effect.	Awareness	of	the	‘no-smoking	signs’	

and	 motivation	 to	 smoke	 were	 not	 measured	 in	 this	 study	 so	 it	 is	

unfortunately	not	possible	to	conclusively	rule	out	alternative	accounts	(e.g.	

positive	 outcome	 expectancy	 driving	 this	 effect).	 In	 contrast	 to	 these	 two	

studies,	 Piqueras-Fiszman,	 Kraus	 and	 Spence	 (2014)	 did	 find	 that	 satiation	

led	 to	 a	 reduced	 approach	 bias	 towards	 appetitive	 food	 pictures	 when	

comparing	 a	 hungry	 group	 to	 a	 non-hungry	 group	 of	 participants.	 In	 the	

hungry	 group,	 the	 appetitive	 pictures	 were	 rated	 as	 more	 pleasant	 and	

elicited	 more	 craving	 and	 a	 stronger	 approach	 bias	 relative	 to	 the	 not-

hungry	 group.	Using	 fMRI,	Wiers	 and	 colleagues	 (C.	 E.	Wiers	 et	 al.,	 2014),	

found	that	alcohol-dependent	patients	relative	to	healthy	controls	reported	

increased	 levels	 of	 alcohol	 craving,	 had	 a	 stronger	 approach	 bias	 towards	

alcohol	 (but	 not	 soft	 drink)	 pictures	 and	 furthermore,	 that	 this	 correlated	

with	 increased	 activation	 in	 the	 nucleus	 accumbens	 (a	 brain	 region	
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associated	 with	 reward	 processing	 and	 value-based	 computations	 rather	

than	habitual	behavior;	Ikemoto	&	Panksepp,	1999;	Knutson,	Adams,	Fong,	

&	 Hommer,	 2001).	 These	 studies	 are	 between-groups	 designs	 (so	 cannot	

show	 a	 flexible	 change	 in	 approach	 bias	 across	 time),	 but	 they	 are	 in	 line	

with	 the	 suggestion	 that	 the	 approach	 bias	 is	 triggered	 by	 outcome	

expectancies	 (both	 the	 perceptual	 and	 motivational	 properties	 of	

outcomes).	 This	 is	 not	 to	 say,	 however,	 that	habitual	 S-R	 responding	does	

not	play	a	role	in	addictive	behaviors	(see	e.g.	Sjeords	et	al.,	2013).		

	

In	conclusion,	the	motivational	mechanisms	that	underlie	the	approach	bias	

towards	appetitive	and	addictive	substances	are	still	unclear	and	the	nature	

of	the	approach	movement	makes	it	difficult	to	disentangle	these	different	

mechanisms.	 However,	 the	 approach	 bias	 remains	 an	 important	 topic	 of	

investigation	 due	 to	 the	 clinical	 relevance	 of	 cognitive	 bias	 modification	

(retraining	 approach	 tendencies	 towards	 appetitive	 images	 by	 repeatedly	

pushing	 such	 images	 away)	 and	 inhibition	 training	 	 (repeatedly	 inhibiting	

“go”	responses	directed	towards	such	images).	These	retraining	approaches	

have	 been	 seen	 to	 reduce	 food	 and	 alcohol	 intake	 in	 the	 lab	 (Houben	 &	

Jansen,	2011,	2015;	Houben,	Nederkoorn,	Wiers,	&	Jansen,	2011;	Lawrence,	

Verbruggen,	Morrison,	Adams,	&	Chambers,	2015;	Veling,	Aarts,	&	Stroebe,	

2013b;	 R.	 W.	Wiers	 et	 al.,	 2010),	 improve	 clinical	 outcomes	 for	 alcoholic	

patients	(Eberl	et	al.,	2013;	R.	W.	Wiers	et	al.,	2011)	and	lead	to	weight	loss	

(Lawrence,	 O’Sullivan,	 et	 al.,	 2015;	 Veling,	 van	 Koningsbruggen,	 Aarts,	 &	

Stroebe,	2014).	Currently	it	is	unclear	exactly	what	is	being	trained/modified	

during	this	type	of	retraining.	 	Neuroimaging	data,	 from	alcoholic	patients,	

showed	 that	 the	 reduction	 in	 alcohol-approach	 bias	 scores	 following	

retraining	 correlated	 with	 reduced	 activations	 in	 the	 medial	 prefrontal	

cortex–	a	region	that	is	argued	to	mediate	approach	(but	not	avoidance)	of	
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alcohol	pictures	during	approach-avoidance	tasks	(C.	E.	Wiers,	Ludwig,	et	al.,	

2015).	 In	 line	with	 this	 observation	 it	 has	 been	 argued	 (using	 the	 Implicit	

Association	 Task)	 that	 retraining	 can	 change	 the	 associative	 strength	

between	 stimuli	 (e.g.	 alcohol	 pictures)	 and	 action	 tendencies	 –	 leading	 to	

reduced	 approach/go	 associations	 and	 enhanced	 avoid/stop	 associations,	

and	 ultimately	 a	 change	 in	 (real-life)	 appetitive	 behaviors	 (Gladwin	 et	 al.,	

2015;	Houben	&	 Jansen,	2015).	 This	 is	borne	out	by	a	 study	using	a	more	

conservative	 test	 of	 (implicit)	 association	 strength	 (Best,	 Lawrence,	 Logan,	

McLaren,	 &	 Verbruggen,	 2015),	 indicating	 that	 reversing	 the	 go/stop	

contingencies	 in	 a	 test	 phase	 interfered	 with	 performance	 (provided	 that	

participants	 remained	 attentive	 to	 the	 stimuli).	 Best	 and	 colleagues	 also	

showed	 that	 participants	 generated	 explicit	 expectancies	 about	 whether	

they	would	be	required	to	stop	 in	the	presence	of	certain	stimuli	although	

this	 did	 not	 completely	 explain	 performance	 (2015).	 Some	 studies	 also	

report	 a	 reduction	 in	 self-reported	 desire	 for	 the	 outcome	 following	 such	

retraining	 (Houben,	 Havermans,	 Nederkoorn,	 &	 Jansen,	 2012;	 Houben	 &	

Jansen,	2015;	Veling,	Aarts,	&	Stroebe,	2013a).	Similarly,	an	fMRI	study	with	

alcoholic	patients	showed	that	post-training	reductions	in	arousal	ratings	of	

alcohol	 pictures	 correlated	with	 reductions	 in	 amygdala	 activations	 during	

picture	viewing,	leading	the	authors	to	suggest	that	such	retraining	reduces	

motivation	 for	 alcohol	 (C.	 E.	 Wiers,	 Stelzel,	 et	 al.,	 2015).	 In	 general,	

however,	it	remains	unclear	as	to	whether	these	reduced	approach/go	and	

enhanced	 avoid/stop	 associations	 lead	 to	 reduced	 positive	 outcome	

expectancies,	a	reduced	O-R	priming	effect	and/or	are	simply	a	reduction	in	

Pavlovian	 approach	 behavior	 directed	 towards	 food	 or	 alcohol	 (or	 some	

combination	of	these).	Whilst	the	results	are	promising,	understanding	the	

underlying	 mechanisms	 would	 allow	 for	 a	 more	 targeted	 approach	 and	

effective	use	of	these	retraining	paradigms	as	a	therapeutic	tool.	
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To	 rule	 out	 any	 confounding	 effects	 of	 Pavlovian	 approach	 or	 avoidance	

tendencies,	 the	 O-R	 priming	 tasks	 used	 in	 Chapters	 4	 –	 8	 were	 carefully	

controlled	to	be	neutral	in	regards	to	Pavlovian	influences.	As	the	cues	and	

outcomes	were	always	presented	in	the	middle	of	the	screen,	any	Pavlovian	

approach	 influences	 should	 have	 similar	 effects	 on	 ongoing	 left	 and	 right	

keyboard	responses.	This	makes	it	possible	to	disentangle	the	motivational	

mechanisms	 that	 drive	 such	 responses,	 but	 it	 should	 be	 noted	 that	 in	

everyday	life	a	mix	of	Pavlovian	and	instrumental	mechanisms	are	often	at	

play	 at	 the	 same	 time.	 Instrumental	 responses,	 for	 example,	 are	 often	

spatially	 directed	 towards	 outcomes	 meaning	 that	 the	 instrumental	

response	 is	 also	 Pavlovian	 in	 nature.	 The	 use	 of	 ‘Pavlovian	 neutral’	

responses	 in	our	 tasks	may	be	one	possible	explanation	 for	why	 inhibition	

training	and	 cognitive	bias	modification	are	 seen	 to	 reduce	 real-life	eating	

and	 drinking	 behaviors,	 whilst	 inhibition	 training	 did	 not	 reduce	 the	

instrumental	O-R	priming	effect	in	a	highly	controlled	laboratory	setting	(as	

is	 outlined	 in	 Appendix	 B).	We	 are	 currently	working	 on	 studies	 to	 better	

investigative	 the	relationship	between	approach	bias	and	O-R	priming.	We	

are	 running	 an	 online	 food	 cognitive	 bias	 modification	 study	

(www.impliciet.eu)	 in	 which	 we	measure	 (and	 retrain)	 approach	 bias	 and	

attentional	bias	for	unhealthy	vs.	healthy	food	rewards.	With	these	data	we	

intend	 (amongst	 other	 things)	 to	 relate	 the	 baseline	 approach	 bias	 for	

healthy	and	unhealthy	foods	to	the	degree	to	which	unhealthy	and	healthy	

food	 pictures	 prime	 associated	 instrumental	 responses	 (using	 an	 O-R	

priming	task).	Using	this	approach	we	hope	to	 find	a	relationship	between	

the	 extent	 to	 which	 food	 pictures	 can	 elicit	 fast	 approach	 responses	 and	

trigger	 previously	 learned	 instrumental	 responses.	 In	 summary,	

understanding	 how	 the	 retraining	 paradigms,	 O-R	 paradigms	 and	 real	 life	



Chapter	9	

232	

food-seeking	behaviors	relate	to	one	another	remains	an	important	focus	of	

investigation.	

	

O-R	priming	

Taken	 together	 the	 results	 from	the	studies	presented	 in	Chapters	4-7	are	

complementary	 and	 offer	 insight	 into	 the	 O-R	 priming	 mechanism,	 its	

boundary	 conditions,	 and	 how	 it	 is	 modulated	 by	 the	 motivational	

significance	 of	 outcomes.	 Chapter	 4	 (and	 the	 related	 appendix)	 suggests	

that	 the	 spontaneous	 acquisition	 of	 R-O	 associations	 is	 limited	 to	 certain	

conditions.	 Chapters	 5-7	 delve	 deeper	 into	 the	 effect	 that	 motivational	

manipulations	have	on	the	R-O	priming	effect	and	examine	whether	certain	

individuals	are	more	vulnerable	 to	 the	biasing	effects	of	cues	on	behavior.	

Chapter	5	shows	that	cues	predictive	of	food	rewards	can	prime	responses	

directed	towards	those	foods,	even	when	fully	sated	on	that	food.	Chapters	

6	 and	 7	 show	 that	 adolescents	 and	 obese	 individuals	 are	 particularly	

sensitive	 to	 the	 biasing	 effects	 of	 palatable	 high-calorie	 foods	 on	

instrumental	 responding.	 At	 first	 glance,	 these	 studies	 may	 seem	

contradictory	 given	 that	 we	 conclude	 in	 Chapter	 5	 that	 (indirect)	 S-O-R	

priming	 effects	 are	 not	 sensitive	 to	 shifts	 in	motivation,	 while	 Chapters	 6	

and	 7	 show	 that	 the	motivational	 relevance	 of	 outcomes	modulates	 both	

direct	and	 indirect	response	priming.	However,	as	discussed	 in	more	detail	

in	Chapter	8,	this	could	be	explained	by	when	the	motivational	manipulation	

took	place.	In	chapter	5,	both	outcomes	were	desirable	during	training	but	

then	participants	ate	one	of	 the	outcomes	until	 satiation.	By	 contrast,	 the	

preference	for	high	versus	low	calorie	foods	was	already	present	before	the	

training	 began	 in	 Chapters	 6	 and	 7.	 We	 conclude	 that	 during	 learning,	

associative	 strength	 is	 modulated	 by	 the	 motivational	 significance	 of	 the	

outcome	(as	observed	in	Chapters	6	and	7),	but	that	once	learned,	a	shift	in	
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motivational	 significance	 does	 not	 immediately	 reduce	 the	 ability	 of	 the	

cue-elicited	expectancy	to	trigger	responding	(Chapter	5).		

	

These	 studies	 suggest	 that	 this	 O-R	 priming	 mechanism	 is	 relevant	 for	

understanding	 maladaptive	 behaviors	 in	 regards	 to	 food	 seeking	 both	 in	

healthy	 populations	 (Chapters	 5	 and	 6)	 and	 a	 clinically	 obese	 population	

(Chapter	7).	It	is	interesting	that	while	healthy-weight	adults	showed	similar	

response	 priming	 rates	 for	 both	 high-	 and	 low-calorie	 food	 pictures	 (and	

associated	 stimuli;	 Chapter	 7),	 the	 adolescents	 (Chapter	 6),	 who	 were	

generally	 in	 the	healthy	BMI	 range,	 showed	a	pattern	of	 responding	more	

akin	 to	 that	of	 the	obese	group.	As	was	observed	 in	 the	obese	group,	 the	

adolescents	were	biased	more	by	the	high-calorie	food	outcomes	(chips	and	

chocolate)	 than	 the	 low-calorie	 food	 outcomes	 (tomatoes	 and	 cucumber).	

We	 propose	 that	 (similarly	 to	 the	 obese	 group)	 the	 adolescents	 are	

particularly	sensitive	to	the	rewarding	properties	of	tasty	high-calorie	foods	

but	 that	with	age,	 this	difference	between	the	high-	and	 low-calorie	 foods	

should	become	less	extreme.	Adolescents	have	been	seen	to	be	particularly	

sensitive	 to	cues	 that	predict	 financial	 rewards	and	show	enhanced	neural	

responses	to	such	cues	relative	to	adults	in	fMRI	studies	(Galvan,	2010;	Van	

Leijenhorst	 et	 al.,	 2010).	 This	 hypersensitivity	 to	 reward	 in	 adolescence	 is	

often	 accompanied	 by	 reduced	 emotion-regulation	 (Somerville,	 Jones,	 &	

Casey,	2010).		It	would	be	interesting	to	follow	this	group	of	adolescents	to	

a	 later	 age	 to	 examine	 how	 exactly	 this	 O-R	 priming	 effect	 changes	 over	

time	 and	 how	 it	 relates	 to	 explicit	 desire	 for	 unhealthy	 vs.	 healthy	 foods,	

concerns	 about	 dieting	 and	 ultimately,	 BMI.	 We	 may	 expect	 a	 similar	

pattern	 of	 results	 if	 we	 retrained	 and	 retested	 the	 obese	 group,	 after	

successful	gastric	band	surgery.	Although	the	mechanisms	are	unclear,	this	

type	of	bariatric	surgery	has	been	seen	to	reduce	the	incentive	value	of	food	
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–	both	self-report	and	as	inferred	from	reduced	neural	responses	to	images	

of	palatable	foods	(Ochner	et	al.,	2011,	2012;	Scholtz	et	al.,	2013).		

	

Inflexible	S-O-R	priming	resembles	a	habitual	behavior	that	 is	not	sensitive	

to	 the	 current	 incentive	 value	 of	 outcomes,	 but	 it	 differs	 from	 S-R	 habits	

that	have	been	postulated	 to	 arise	due	 to	overtraining	of	 S-R	 associations	

(Adams,	1982;	S.	de	Wit	&	Dickinson,	2009).	Crucially,	the	PIT	paradigm	has	

separate	R-O	and	S-O	 training	phases,	 ensuring	 that	 there	 is	no	possibility	

for	 direct	 S-R	 associations	 to	 be	 acquired.	 In	 this	 sense,	 indirect	 S-O-R	

priming	 is	 an	 additional,	 indirect	 route	 to	 habits	 and	 does	 not	 require	

extensive	behavioral	 repetition.	Although	S-R	habits	were	not	 the	 focus	of	

the	current	dissertation,	we	did	include	a	slips-of-action	task	in	Chapter	7,	to	

investigate	 whether	 obese	 individuals	 would	 show	more	 of	 a	 reliance	 on	

habitual	 (S-R)	 control	 at	 the	 expense	 of	 goal-directed	 performance.		

Surprisingly,	we	did	not	find	any	evidence	for	a	‘habit	propensity’	in	obesity,	

replicating	findings	by	others	using	a	different	task	(Voon	et	al.,	2015),	even	

though	other	clinical	groups	have	consistently	shown	such	deficits	(Gillan	et	

al.,	 2011;	 Sjoerds	 et	 al.,	 2013)	 and	 the	 importance	of	 habitual	 behavior	 in	

maintaining	unhealthy	eating	patterns	has	been	 stressed	 (van’t	Riet	et	 al.,	

2011).	 	Obesity	 is	obviously	a	complex	 issue,	with	multifaceted	causes,	but	

our	 results	 suggest	 that	 response	 priming	 by	 external	 food	 stimuli	 is	

exaggerated	in	this	population,	whereas	reliance	on	S-R	learning,	is	not.	

	

It	is	of	clinical	importance	to	find	ways	to	disrupt	the	O-R	priming	effect	and	

reduce	the	impact	that	reward	related	cues	have	on	behavior.	However,	as	

the	results	of	Chapter	5	and	Appendix	B	make	clear,	to	date	there	has	been	

little	success	 in	achieving	this.	The	associations	between	stimuli,	responses	

and	 rewarding	 outcomes	 appear	 to	 be	 fast	 to	 learn	 (with	 relatively	 few	
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training	 trials	 in	 the	 current	 studies),	 but	 then	 have	 a	 lasting	 impact	 on	

behavior.	Although	it	remains	to	be	examined	within	the	same	experiment,	

it	 seems	 that	 inhibiting	 responses	 directed	 towards	 outcomes	 reduces	

instrumental	 responses	 directed	 towards	 those	 outcomes,	 but	 that	 this	

inhibitory	 effect	 does	 not	 generalize	 to	 cues.	 Presumably	

approach/avoidance	 retraining	 would	 also	 be	 limited	 in	 this	 manner	

although	future	research	could	also	examine	this	as	a	means	to	disrupt	the	

cue-induced	 priming	 effect.	 It	 is	 possible	 that	 these	 approaches	 may	 be	

more	 successful	 when	 combined	 with	 a	 satiation	 manipulation.	 Reduced	

desire	for	the	outcome	combined	with	the	retraining	of	responses	directed	

towards	a	cue	predictive	of	that	outcome,	may	lead	to	reduced	cue-elicited	

responding.	An	alternative	approach	to	disrupting	the	PIT	effect	may	be	to	

help	 people	 to	 become	 aware	 of	 which	 cues	 in	 the	 environment	 are	

triggering	their	undesirable	behavior	and	making	explicit	plans	to	respond	in	

alternative	ways.	An	instructional	approach	did	reduce	the	PIT	effect	in	the	

lab	 (Hogarth,	 Retzler,	 et	 al.,	 2014)	 and	 relatedly,	 	 “implementation	

intentions”	(if-then	plans)	have	been	seen	to	reduce	unhealthy	behaviors	in	

real	 life	 (Adriaanse,	 Vinkers,	 De	 Ridder,	 Hox,	 &	 De	 Wit,	 2011),	 especially	

when	individuals	have	used	monitoring	techniques	to	become	aware	of	the	

cues	that		trigger	their	unhealthy	behaviors	(Verhoeven,	Adriaanse,	de	Vet,	

Fennis,	&	de	Ridder,	2014).	Considering	that	cues	for	palatable	high-calorie	

foods	 are	 ubiquitous	 in	 both	 the	 physical	 environment	 and	 media	

(particularly	media	aimed	at	children;	Chapman,	Nicholas,	&	Supramaniam,	

2006;	Henderson	&	Kelly,	2005;	Powell	et	al.,	2007),	 the	studies	presented	

in	 this	 dissertation	 have	 serious	 implications	 for	 aspects	 of	 public	 health	

policy.	 Stricter	 regulations	 around	 advertising	 to	 children	 (but	 also	

vulnerable	 adults)	 should	 be	 in	 place.	 Similarly	 to	 the	 way	 in	 which	

advertising	 for	 cigarettes	 is	 regulated,	 there	 have	 been	 calls	 for	
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governments	 to	 acknowledge	 the	 role	 that	 advertising	 and	 availability	 of	

unhealthy	 high-calorie	 foods	 play	 in	 the	 current	 obesity	 epidemic	 (Harris,	

Pomeranz,	et	al.,	2009;	Novak	&	Brownell,	2012;	Swinburn	et	al.,	2011).	The	

current	 research	 provides	 a	 demonstration	 of	 how	 these	 reminders	 of	

unhealthy	 food	outcomes	can	 impact	 consumer	behavior	and	we	can	only	

hope	that	with	an	accumulation	of	research	such	as	this	that	eventually	the	

tide	will	 turn	against	 the	 food	and	beverage	 industry	who	are	 resistant	 to	

regulation	(Brownell	&	Warner,	2009).			

	

Although	 the	current	dissertation	 is	 focused	on	eating	behaviors,	 it	 should	

be	noted	that	these	mechanisms	are	thought	to	underlie	other	maladaptive	

reward-seeking	 behaviors	 as	 well,	 for	 example	 as	 is	 seen	 in	 addiction.	

Working	with	food	rewards	has	advantages	in	the	lab	as	it	is	possible	to	give	

one	 group	 of	 participants	 a	 large	 amount	 of	 food	 and	 compare	 their	

performance	 to	 another	 group	 who	 receive	 no	 food.	 This	 becomes	 more	

difficult	when	using	 other	 rewards	 (for	 example	 alcohol)	 as	 the	 substance	

affects	 reaction	 times	 and	 general	 task	 performance,	making	 it	 difficult	 to	

compare	 performance	 across	 groups.	 Other	 labs	 have	 demonstrated	 that	

these	mechanisms	 are	 also	 relevant	 in	 the	 domain	 of	 drug	 rewards,	 with	

Hogarth	 and	 colleagues	 demonstrating	 cue-elicited	 tobacco	 seeking	 even	

after	 satiation	 and	 health	 warning	 manipulations	 had	 reduced	 tobacco	

seeking	 in	 the	 absence	 of	 cues	 (Hogarth,	 2012;	 Hogarth	 &	 Chase,	 2011).		

Whether	 these	results	can	be	replicated	using	alcohol,	cannabis	and	“hard	

drugs”	as	outcomes,	remains	to	be	seen.	

	

Strengths	and	weaknesses	of	various	paradigms	

As	was	already	discussed,	the	nature	of	the	approach-avoidance	task	makes	

interpretations	of	underlying	motivational	mechanisms	difficult	to	interpret	
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but	it	is	probably	a	more	realistic	proxy	of	real-life	appetitive	behavior	than	

the	strictly	controlled	Pavlovian-neutral	left	and	right	button	presses	used	in	

Chapters	4-7	(and	appendices).	The	advantage	of	these	O-R	paradigms	is	of	

course	that	these	allow	us	to	experimentally	control	the	number	of	learning	

trials	 and	exposure	 to	each	of	 the	R-O	 (and	S-O)	 associations.	 This	 in	 turn	

allows	 for	 cleaner	 interpretation	 of	 the	 mechanisms	 underlying	 choice	

behavior	and	the	effects	of	changes	in	motivation.		

	

In	chapter	4	(and	the	related	appendix),	we	attempted	to	scale	up	and	add	

value	to	the	classic	2-stage	ideomotor	paradigm.	We	assumed	that	we	could	

first	 train	 four	 R-O	 associations	 (two	 high	 and	 two	 low	 value)	 and	 then,	

during	a	test	phase,	that	we	could	reverse	the	instructed	mappings	for	one	

of	the	low-value	and	one	high-value	outcomes.	The	advantage	of	this	classic	

paradigm	 is	 that	 participants	 have	 to	 attempt	 to	 be	 correct	 in	 order	 to	

maximize	their	reward	and,	unlike	the	PIT	paradigm	used	in	Chapter	5,	it	is	

not	necessary	to	tell	participants	to	ignore	any	stimuli	that	they	might	see.	

This	 latter	 feature	 of	 the	 PIT	 paradigm	 may	 be	 problematic	 as	 it	 could	

unintentionally	 draw	 participants’	 attention	 to	 the	 incidental	 Pavlovian	

cues.	However,	we	 repeatedly	 found	 that	 the	 congruence	 effect,	 in	which	

participants	 are	 slower	 to	 respond	 and	more	 error	 prone	 on	 incongruent	

trials,	 would	 disappear	 when	 we	 made	 the	 task	 more	 complex	 (e.g.	 by	

adding	 more	 R-O	 associations)	 and	 added	 outcome	 value	 as	 a	 factor.	

Participants	were	consistently	able	to	perform	well	on	the	incongruent	trials	

and	quickly	learned	the	new	response	mappings,	particularly	if	there	was	a	

high	 financial	 reward	 at	 stake.	 This	 effect	 of	 reward	 on	 reducing	

interference	 and	 conflict	 has	 been	 consistently	 observed	 (Braem,	 Verguts,	

Roggeman,	&	Notebaert,	2012;	Fröber	&	Dreisbach,	2014)	and	obviated	the	

move	to	a	different	paradigm.		
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The	 PIT	 paradigm	 we	 used	 in	 Chapter	 5	 is	 different	 from	 that	 used	 in	

Chapters	6	and	7	and	both	have	their	strengths	and	weaknesses.	One	of	the	

advantages	of	the	classic	PIT	paradigm	that	has	been	frequently	used	in	the	

human	 (and	 animal)	 literature	 is	 that	 instrumental	 responses	 have	

consequences	–	in	this	study,	participants	were	asked	to	respond	as	often	as	

they	liked	on	either	key	in	order	to	win	popcorn	and	Smarties	and	they	were	

expected	 (after	 the	 test	 phase)	 to	 eat	 those	 rewards.	 This	 feature	meant	

that	we	were	able	to	investigate	the	effects	of	satiation	and	cues	predictive	

of	 popcorn	 and	 Smarties	 on	 food	 choice.	 However,	 the	 limitation	 of	 this	

paradigm	 is	 that	 it	 is	 very	 sensitive	 to	demand	characteristics.	Participants	

are	 asked	 to	 ‘ignore’	 the	 Pavlovian	 cues	 but	 of	 course	 are	 well	 aware	 of	

them	 and	 this	 may	 have	 different	 effects	 on	 different	 participants.	 By	

contrast,	the	novel	paradigm	used	in	Chapters	6	and	7	does	not	require	that	

participants	ignore	any	stimuli	and	participants	are	instructed	to	try	and	be	

correct	on	every	trial	by	selecting	the	key	that	they	think	corresponds	to	a	

particular	 food	picture	or	 cue.	However,	 the	weakness	of	 this	 paradigm	 is	

that	 correct	 instrumental	 responses	 are	 all	 worth	 the	 same	 amount	 of	

points	and	as	such	the	motivational	significance	of	the	high-	and	low-calorie	

food	 pictures	 is	 purely	 incidental	 for	 the	 task	 at	 hand.	 The	 fact	 that	

participants	 are	 responding	 for	points	 and	not	 food	per	 se	means	 that	we	

need	 to	 be	 conservative	 in	 our	 interpretation	 of	 these	 effects	 in	 terms	 of	

food	choice.	Nonetheless,	these	studies	do	show	that	the	high-calorie	food	

pictures	 (and	 cues	 predictive	 of	 these)	more	 readily	 prime	 the	 associated	

behavioral	 response	 in	both	adolescents	 (Chapter	6)	and	a	 clinically	obese	

group	 (Chapter	 7)	 highlighting	 the	 power	 that	 these	 food	 images	 do	 have	

over	instrumental	responding.		
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Another	interesting	feature	of	the	paradigm	used	in	Chapters	6	and	7	is	that	

it	 allows	 the	 comparison	 of	 the	 direct	 and	 indirect	 priming	 effects.	 These	

studies	 are	 the	 first	 to	 examine	 both	 types	 of	 response	 priming	 in	 one	

experiment	and	it	is	particularly	striking	in	the	adult	sample	(Chapter	7)	that	

there	are	no	differences	 in	the	response-priming	rate	or	reaction	times	for	

these	 two	trials	 types.	This	argues	against	 the	notion	 that	 these	 response-

priming	effects	are	due	to	explicit	processes,	as	we	could	expect	then	that	

the	relatively	more	complex	indirect	priming	trials	would	be	executed	more	

slowly.	

	

A	note	on	impulsivity	and	reward	sensitivity	

Our	 original	 intention	 at	 the	 start	 of	 this	 project	 was	 to	 investigate	 how	

individual	 differences	 in	 different	 cognitive	 and	 motivational	 aspects	 of	

decision-making	would	relate	to	a	number	of	personality	factors.	The	most	

prominent	 of	 these	 is	 impulsivity	 –	 consisting	 of	 a	 tendency	 to	 act	 rashly	

without	 sufficient	 deliberation	 and	 heightened	 reward	 sensitivity.	 We	

hypothesized	 that	 impulsivity	 would	 be	 related	 to	 stronger	 response	

priming	 based	 on	 literature	 linking	 impulsivity	 and	 (maladaptive)	 cue-

elicited	behavior	(Carver	&	White,	1994;	Dawe	et	al.,	2004;	Dawe	&	Loxton,	

2004;	H.	de	Wit,	2009;	Stanford	et	al.,	2009).	As	can	be	seen	throughout	this	

dissertation,	 however,	 we	 consistently	 failed	 to	 find	 evidence	 for	 these	

relationships.	 We	 measured	 both	 response	 inhibition	 and	 reward	

responsiveness	in	a	variety	of	ways,	but	were	not	able	to	relate	this	to	our	

behavioral	 measures.	 It	 is	 possible	 that	 our	 student	 population	 is	 too	

homogenous	 in	 regards	 to	 these	 behavioral	 traits	 and	 so	 correlational	

evidence	is	then	difficult	to	find.	However,	we	replicated	these	null	findings	

in	two	large	adolescent	samples	(where	variability	was	greater).	In	addition,	

the	 obese	 group	 did	 not	 differ	 from	 healthy-weight	 controls	 in	 two	
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measures	 of	 impulsivity	 (Chapter	 7),	 and	 we	 found	 no	 evidence	 that	

impulsivity	was	related	 in	any	way	to	the	O-R	priming	effect.	 It	seems	that	

while	these	ideas	are	ubiquitous	in	psychology,	the	findings	are	not	always	

consistent	or	replicable.		

	

Final	Conclusions	

A	 number	 of	 challenges	 arose	 during	 the	 course	 of	 this	 project	making	 it	

necessary	to	adapt	paradigms,	plans	and	experimental	models,	but	we	still	

managed	to	gain	new	insights	 into	human	action	control,	 in	the	context	of	

reward	 seeking.	 The	work	 in	 this	 dissertation	 is	 of	 theoretical	 and	 clinical	

relevance,	 building	on	existing	 research	 in	 the	 fields	of	 human	psychology	

and	 animal	 learning	 to	 provide	 a	 better	 understanding	 of	 how	 reward-

related	 cues	 in	 the	 environment	 can	 trigger	 different	 types	 of	 appetitive	

behaviors	 and	 how	 these	 mechanisms	 can	 contribute	 to	 persistent	

maladaptive	 behaviors.	 Most	 importantly,	 we	 discovered	 new	 questions	

along	 the	 way	 ensuring	 that	 this	 work	 will	 continue	 to	 inspire	 future	

research	tackling	age-old	questions	about	human	volitional	behavior,	choice	

and	reward.	

	

	



 

 

Appendix	A	
Appendix	to	Chapter	4:	Limits	to	

ideomotor	O-R	acquisition.	
	

	

	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
In	 this	 document	 we	 provide	 brief	 details	 of	 pilot	 studies	
referred	to	in	chapter	4.	
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1. Introduction	

We	 aimed	 to	 establish	whether	 incentive	 salience	 of	 action	 effects	would	

affect	 the	 strength	 of	 response	 priming	 (through	 outcome-response	 (O-R)	

associations).	 To	 this	 end,	we	modified	 the	 standard	 ideomotor	 two-stage	

paradigm	 (Elsner	 &	 Hommel,	 2001)	 and	 compared	 response	 priming	 by	

perceptual	 action	 effects	 (blue	 shapes)	 that	 have	 previously	 been	 paired	

with	a	big	versus	small	monetary	reward.	

	

We	 also	 investigated	 the	 effect	 of	 “explicit”	 versus	 “incidental”	 test	

instructions.	 In	the	explicit	version,	participants	were	explicitly	encouraged	

to	use	their	knowledge	of	the	R-O	relationships	to	make	their	choices	during	

test.	Furthermore,	they	were	instructed	that	each	shape	was	still	associated	

with	 big	 versus	 small	 reward	 (as	 during	 training).	 By	 contrast,	 in	 the	

incidental	version,	participants	were	instructed	to	respond	as	spontaneously	

as	possible	to	each	shape.	Furthermore,	they	were	told	that	all	shapes	were	

now	worth	an	equal	amount	of	credits.	

	

The	experiment	consisted	of	four	stages:	

Stage	1:	Pavlovian	training	 (pairing	of	 four	shapes	with	monetary	reward	 -	

two	high	and	two	low	value).	

Stage	2:	instrumental	training	(right	and	left	responses	are	paired	with	one	

high-	and	one	low-value	shape).	

Stage	 3:	 free-choice	 and	 forced-choice	 response	 priming	 tests.	 During	 the	

free-choice	 test	participants	are	presented	with	 the	 shapes	and	 instructed	

to	 press	 spontaneously	 on	 either	 the	 left	 of	 right	 key.	 During	 the	 forced-

choice	 test	 the	 shapes	 are	 presented	 as	 discriminative	 stimuli	 and	 the	

instructed	O-R	mappings	are	reversed	for	two	of	the	four	shapes	(one	high	

and	one	low	value).	
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Stage	 4:	 Pavlovian	 Query	 Trials	 (ensuring	 that	 participants	 retained	 the	

incentive	value	of	shapes	during	test)	

	

We	predicted	that	 incentive	value	would	enhance	response	priming	by	the	

associated	perceptual	action	effects.	So,	in	the	free-choice	test	we	expected	

to	 observe	 more	 acquisition-consistent	 (and	 faster)	 choices	 following	 the	

outcomes	 that	 had	 been	 paired	with	 high	 reward	 relative	 to	 those	 paired	

with	low	reward.	In	the	forced-choice	test,	we	expected	there	to	be	a	main	

effect	of	congruence	(participants	are	slower	to	respond	for	the	acquisition	

incongruent	mappings)	that	would	interact	with	shape	value.	Specifically	we	

expected	 that	 for	 acquisition-congruent	 mappings	 participants	 would	

respond	faster	for	the	high-value	shape	whereas	for	acquisition-incongruent	

mapping	we	expected	them	to	be	faster	for	the	low-value	shape.	

	

2. Methods		

Participants:	 Participants	 were	 95	 University	 of	 Amsterdam	 psychology	

students	who	 took	part	 in	 the	 test	week.	 The	 test	week	 is	 compulsory	 for	

first	year	students	of	psychology.	They	are	expected	to	fill	in	questionnaires	

and	 do	 tasks	 on	 the	 computer	 for	 a	 number	 of	 hours.	 Participants	 were	

randomly	assigned	to	the	‘explicit’	or	‘incidental’	conditions.	

	

Stimuli	 and	 materials:	 The	 “Money	 Maker	 task”	 described	 below	 was	

programmed	 in	 Inquisit.	 Four	blue	shapes	 (300	x	300	pixels)	 functioned	as	

outcomes	–	a	square,	a	circle,	a	triangle	and	a	cross.		

	

Procedure:	 Participants	 first	 received	 the	 following	 instructions.	 “Welcome	

to	 the	 Money	 Maker	 Game.	 In	 this	 game,	 you	 can	 earn	 credits	 for	 a	

monetary	 reward,	 with	 1000	 credits	 equaling	 one	 euro.	 This	 game	 lasts	
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around	30	minutes	and	consists	of	three	stages.	Every	stage	is	preceded	by	

instructions	and	a	short	demonstration.	At	the	end	you	will	receive	the	total	

reward	in	cash.”	

	

They	then	received	instructions	for	Stage	1:	Pavlovian	training.	“During	the	

first	 phase	 you	will	 be	 presented	 a	 series	 of	 four	 different	 shapes.	 Two	 of	

these	shapes	will	signal	the	availability	of	9	credits,	and	two	of	them	only	1	

credit.	These	credits	are	added	to	your	total	score.	We	will	now	show	you	the	

four	 different	 combinations.	 Please	 pay	 attention	 and	 try	 to	 learn	 which	

reward	 is	 signaled	by	each	shape”.	A	demonstration	 followed.	Participants	

were	shown	the	four	shapes	(that	were	also	used	in	the	actual	experiment)	

in	 succession	 in	 random	 order.	 Following	 a	 500	 ms	 fixation	 cross	 in	 the	

center	of	the	screen,	each	shape	was	presented	just	above	the	center	of	the	

screen	 for	 1sec	 and	 then	 text	 appeared	 below	 the	 shape	 indicating	 the	

available	 reward	 for	 another	 1sec:	 either	 “9”	 or	 “1”credits.	 Trials	 were	

separated	by	an	ITI	that	varied	randomly	between	0.5	-1sec	[for	schematic	

depiction,	see	Figure	1].	
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Figure	1.	Pavlovian	training	trials.		

		

“So	 on	 trials	 like	 these,	 you	 will	 just	 passively	 observe	 the	 relationships	

between	 the	 shapes	and	 the	 rewards.	However,	during	 this	 learning	phase	

we	will	 sometimes	 test	 your	 ability	 to	make	 correct	 predictions	 about	 the	

monetary	reward	by	asking	you	to	choose	from	two	shapes	the	one	that	can	

earn	 you	 the	most	 credits.	 The	 two	 shapes	will	 be	 shown	 together	 on	 the	

screen,	and	you	should	select	 the	more	valuable	stimulus	using	the	up	and	

down	arrow	keys	on	the	keyboard.	You	will	not	receive	any	feedback	about	

the	 accuracy	 of	 your	 choice,	 but	 you	 are	 still	 earning	 credits.	We	will	 now	

give	you	a	 short	demonstration.	This	 is	not	part	of	 the	 real	experiment,	as	

you	 haven’t	 had	 much	 time	 yet	 to	 learn	 the	 relationships	 between	 the	

shapes	and	the	rewards.	There	then	followed	a	demonstration	of	four	query	

trials,	during	which	participants	were	shown	the	four	possible	combinations	

of	 Pavlovian	 stimuli	 that	 had	 previously	 been	 associated	 with	 different	

values.	One	of	the	stimuli	was	shown	at	the	top	and	one	at	the	bottom	with	

a	message	across	the	middle	of	the	screen	“Select	the	most	valuable	shape	

using	 the	 up	 and	 down	 keys”.	 Each	 pair	 was	 shown	 until	 the	 participant	
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made	 a	 response.	 In	 the	 demo,	 the	 top/bottom	 location	 was	

counterbalanced	with	right/left	response	and	with	value.	Participants	could	

use	 the	 up	 and	 down	 keyboard	 keys	 to	 select	 the	 stimulus	 that	 was	

associated	 with	 the	 greatest	 monetary	 reward.	 Following	 selection	 was	 a	

one	 second	presentation	of	 a	white	 square	 around	 the	 stimulus	 that	 they	

selected	and	the	available	points.	“You	are	now	ready	to	start	the	first	stage	

of	the	game.	Try	to	learn	how	much	each	shape	is	worth	–	either	9	points	or	

only	 1	 point.	 	 In	 the	 test	 trials	 you	 have	 to	 respond	 as	 fast	 as	 possible	

because	you	only	have	two	seconds	to	choose	between	the	two	shapes.	Your	

first	choice	will	count.	You	will	no	 longer	be	given	feedback.	This	stage	will	

take	about	five	minutes.	Good	luck!”	

	

During	 each	 of	 12	 blocks,	 the	 4	 stimuli	 were	 each	 shown	 two	 times	 in	

random	 order	 (96	 trials	 in	 total).	 In	 addition,	 after	 every	 32	 trials,	

participants	were	 shown	a	 screen	 for	 3	 seconds	 that	 said:	 “there	 are	 four	

trials	coming	up	where	a	response	is	required	from	you.”	This	was	followed	

by	four	trials	containing	the	four	possible	combinations	of	Pavlovian	stimuli	

with	different	values	attached,	one	shown	at	the	top	and	one	at	the	bottom	

(on	 every	 block,	 the	 stimulus	 positions	 were	 reversed	 for	 each	 stimulus	

pair),	and	participants	could	indicate	their	choice	in	the	same	way	as	during	

the	demonstration.		

	

Participants	 then	 received	 instructions	 for	 Stage	 2:	 Instrumental	 training:	

“In	 the	 following	 stage	 of	 the	 game,	 you	will	 be	 shown	a	 series	 of	 arrows	

that	point	either	to	the	right	or	to	the	left.	Every	time	you	see	an	arrow,	wait	

until	it	turns	green	and	then	press	the	key	(either	the	right	[m]	or	the	left	[z]	

key)	that	corresponds	to	the	arrow	as	fast	as	possible.	Use	your	left	and	right	

index	 fingers	 to	 press	 the	 keys!	 	We	 will	 first	 give	 you	 a	 demonstration.”	
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Participants	were	shown	an	empty	arrow	pointing	 to	 the	 right.	After	1sec,	

this	 arrow	 turned	 bright	 green	 and	 remained	 on	 the	 screen	 for	 another	

1sec.	Once	the	arrow	had	turned	green,	the	first	key	press	on	the	right	[m]	

key	was	followed	by	the	text	“Correct!”	On	the	next	trial,	the	arrow	pointed	

to	the	left,	and	once	it	had	turned	green	again,	the	first	left	key	press	on	the	

left	 [z]	 key	 was	 followed	 by	 the	 same	 text	 message.	 The	 purpose	 of	 this	

demo	was	to	ensure	that	participants	were	using	the	correct	buttons.	“You	

have	now	had	a	chance	to	practice.	During	the	real	game,	you	will	have	to	

press	 the	 correct	 key	 (either	 the	 right	 [m]	 or	 the	 left	 [z]	 key)	 as	 fast	 as	

possible	when	 it	 turns	green.	 If	you	 fail	 to	 respond	within	1sec,	you	will	be	

shown	 the	 following	message:	 “too	 late”.	 Incorrect	 responses	are	 followed	

by	 the	message	“incorrect”.	Your	 first	 choice	counts.	Correct	 responses	are	

followed	by	one	of	 the	 four	 shapes.	Although	we	will	not	provide	you	with	

direct	 feedback,	you	are	still	earning	credits	 for	your	financial	bonus	at	the	

end	of	 the	game.	As	before,	 two	of	 the	shapes	are	worth	1	credit,	and	the	

others	 9	 credits.	 Try	 to	 be	 as	 accurate	 as	 possible.	 If	 you	 fail	 to	make	 the	

correct	response	in	time,	this	shape	will	be	repeated	later	on.	This	stage	will	

take	 about	 8min.	 Good	 luck!”	 At	 the	 beginning	 of	 each	 trial,	 participants	

were	first	shown	a	fixation	cross	in	the	center	of	the	screen	for	500	ms.	This	

was	then	replaced	by	an	arrow	pointing	to	the	left	on	half	of	the	trials	and	

to	the	right	on	the	other	half.	The	arrows	remained	on	the	screen	for	1sec,	

and	 then	 turned	green	and	 remained	on	 the	screen	 for	another	 second.	 If	

participants	pressed	the	correct	key	within	this	1sec,	one	of	the	four	shapes	

was	 shown	 in	 the	 center	 of	 the	 screen	 for	 1sec.	 For	 all	 participants	 each	

response	 key	was	paired	with	one	high	 value	 and	one	 low	value	outcome	

(possible	shape	and	key	combinations	counterbalanced	across	participants).	

Incorrect	 responses	 were	 followed	 by	 the	 message	 “incorrect”	 instead	 of	

one	of	the	four	shapes.	If	participants	failed	to	make	a	response	within	1sec,	
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the	message	“too	late”	was	shown.	All	feedback	was	provided	during	1sec,	

and	 was	 shown	 1sec	 after	 the	 onset	 of	 the	 green	 arrow.	 Trials	 were	

separated	by	 a	 variable	 ITI	 of	 0.5	 –	 1sec,	which	 started	 two	 seconds	 after	

the	onset	of	the	green	arrow.	See	Figure	2	for	schematic.	

	

Figure	2:	Instrumental	Training	trials.	

	

The	instrumental	training	consisted	of	16	blocks	of	8	valid	trials	(128	trials	in	

total).	 Invalid	 trials	were	 repeated	 again	 before	 the	 end	 of	 each	 block,	 to	

ensure	that	participants	had	earned	all	shapes	twice	during	that	block.	Trials	

were	presented	in	random	order.		

	

Participants	 then	 received	 instructions	 “You	 are	 almost	 at	 the	 end	 of	 the	

experiment,	 but	 first	 you	will	 receive	 three	 short	 tests.”	 and	 they	 saw	 the	

instructions	 for	 the	 Free-Choice	 Test.	 “During	 the	 first	 test,	 you	 will	 be	

shown	 brief	 presentations	 of	 the	 four	 shapes	 from	 the	 learning	 stages.	

Please	 look	 carefully	 and	 press	 as	 quickly	 as	 you	 can	 either	 right	 or	 left	

before	the	shape	disappears.”	If	you	don’t	respond	in	time	the	figure	will	be	

repeated	 later	 on	 in	 the	 test.	 Group	 “Explicit”	 received	 the	 additional	
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instructions:	 “Try	 to	press	 the	key	 that	has	previously	earned	a	 reward	 for	

that	 shape,	either	 the	 right	 [m]	or	 the	 left	 [z]	key.	During	 this	 test	you	will	

not	be	given	any	feedback	about	your	performance,	but	you	are	still	earning	

credits	 for	your	 financial	bonus	at	the	end	of	the	game:	1	credit	 for	two	of	

the	shapes	and	9	for	the	other	two	as	during	the	first	stage	of	the	game.	This	

test	 will	 take	 around	 3	 minutes.	 Good	 luck!”	 Group	 “Incidental”	 received	

instead	 the	 following	 instructions:	 “Try	 to	 press	 as	 spontaneously	 as	 you	

can,	 either	 the	 right	 [m]	or	 the	 left	 [z]	 key.	 Press	 these	 keys	about	 equally	

often	throughout	the	task	in	a	non-systematic	order.	During	this	test	you	will	

not	be	given	any	feedback	about	your	performance,	but	you	are	still	earning	

credits	for	your	financial	bonus	at	the	end	of	the	game:		5	credits	for	each	of	

the	four	shapes.	This	test	will	take	around	3	minutes.	Good	luck!”	During	the	

test	stage,	we	no	longer	provided	feedback.	Following	a	500ms	presentation	

of	 the	 fixation	 cross,	 each	 1.5-sec	 shape	 presentation	 was	 therefore	

immediately	 followed	by	the	variable	 	 (0.5-1second)	 ITI.	The	test	consisted	

of	 ten	 blocks	 during	 which	 each	 shape	 was	 presented	 twice	 in	 random	

order.	 Invalid	 trials	 (response	omissions)	were	 repeated	before	 the	end	of	

each	block	as	during	the	instrumental	stage.		

	

Participants	 then	 saw	 the	 instructions	 for	 the	 Forced-choice	 Test:	 “During	

this	 test,	 you	will	 be	 shown	 the	 four	 shapes	 from	 the	 learning	 stages.	 You	

should	respond	to	two	of	these	shapes	by	pressing	right	(on	the	‘m’	key),	and	

to	the	other	two	by	pressing	left	(on	the	‘z’	key)	within	1.5	seconds,	as	shown	

below.	Once	you	have	memorized	which	key	to	press	for	each	shape,	you	can	

press	 the	 spacebar	 for	 a	 few	 demonstration	 trials.”	 Below	 this	 text	

participants	 saw	 the	 four	 shapes	 assigned	 to	 either	 left	 or	 right	 keys	 (see	

Figure	3).	For	half	of	the	participants	a	high-value	shape	previously	assigned	

to	 the	 left	 response	was	now	switched	 to	 the	 right	and	a	 low-value	shape	
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previously	 assigned	 to	 the	 right	 response	 was	 now	 switched	 to	 the	 left	

(meaning	 for	 these	 participants	 that	 both	 high-value	 responses	 were	

assigned	 to	 the	 right-response	 key).	 For	 the	 other	 half	 of	 participants	 the	

response/value	 switching	 was	 for	 the	 opposite	 side	 (meaning	 for	 these	

participants	 that	 both	 high-value	 responses	 were	 assigned	 to	 the	 left-

response	 key).	 	 This	 design	 allowed	 for	 a	 within-subject	 comparison	 of	

consistent	versus	inconsistent	trials	separately	for	perceptual	action	effects	

that	were	 paired	with	 small	 versus	 big	 reward.	 Participants	 then	 received	

four	demo	trials.	At	the	start	of	each	of	four	trials,	the	fixation	cross	(500ms)	

was	 followed	by	 one	of	 the	 four	 shapes	 as	 an	 imperative	 stimulus	 for	 1.5	

seconds.	 During	 the	 demonstration,	 feedback	 was	 still	 provided:	

“correct”/”incorrect”/”too	late”.	The	ITI	was	still	set	at	0.5	–	1second.	

	

	

Figure	3:	Forced-choice	test:	Instruction	screen	indicating	correct	response	for	each	
shape.	Relative	to	the	instrumental	training	phase	the	instructed	mapping	for	two	of	

the	shapes	(one	high-	and	one	low-value)	was	switched	to	the	opposite	key.	

	

Subsequently,	 both	 groups	 received	 the	 following	 instructions:	 “You	 are	

now	ready	for	the	second	test.	During	this	test	we	will	no	longer	provide	you	

with	direct	feedback,	but	correct	responses	will	still	earn	you	credits	for	your	

financial	 bonus	 at	 the	 end	 of	 the	 game”:	For	 group	 “Explicit”	 this	was:	 “1	
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credit	for	two	of	the	shapes	and	9	for	the	other	two	as	during	the	first	stage	

of	the	game.”	For	group	“Incidental”	this	was:	“5	credits	for	each	of	the	four	

shapes.”	Finally,	all	participants	received	the	following	 instructions:	“Below	

we	 show	 you	 once	 again	 the	 correct	 responses	 for	 the	 four	 shapes.	When	

you	are	confident	that	you	have	memorized	these,	you	can	start	the	test	by	

pressing	 the	 spacebar.	 This	 test	 will	 take	 about	 5	 minutes.	 Good	 luck!”	

During	 the	 test	 stage,	 we	 no	 longer	 provided	 feedback.	 Therefore,	 each	

500ms	fixation	and	1.5-sec	shape	presentation	was	immediately	followed	by	

the	 variable	 ITI.	 The	 test	 consisted	of	 ten	blocks	 during	which	 each	 shape	

was	 presented	 twice	 in	 random	 order.	 Invalid	 trials	 (response	 omissions)	

were	 repeated	 before	 the	 end	 of	 each	 block	 as	 during	 the	 instrumental	

stage.		

	

Finally	 participants	 received	 instructions	 for	 the	 Final	 Pavlovian	 Query	

Trials:	“During	this	final	test	we	want	to	see	whether	you	can	still	recall	the	

value	awarded	to	each	shape.	At	the	beginning	of	the	game,	you	learned	the	

monetary	 reward	 associated	 with	 each	 shape.	 We	 will	 now	 ask	 you	 to	

choose	from	two	shapes	the	one	that	can	earn	you	the	most	credits.	The	two	

shapes	will	be	shown	together	on	the	screen,	and	you	should	select	the	more	

valuable	stimulus	using	the	up	and	down	arrow	keys	on	the	keyboard.	You	

will	not	receive	any	feedback	about	the	accuracy	of	your	choice,	but	you	are	

still	 earning	 credits.	 This	 final	 test	 will	 take	 less	 than	 one	 minute”.	 The	

Pavlovian	 query	 trials	 were	 exactly	 the	 same	 as	 previously	 outlined.	

Participants	 saw	 the	 four	 possible	 combinations,	 four	 times	 (16	 trials	 in	

total).		

	

At	the	very	end,	participants	were	thanked	and	asked	to	copy	down	a	code	

that	appeared	on	screen.	Embedded	in	the	code	was	the	amount	of	money	



Appendix	A	

252	

that	 they	 had	 won	 and	 they	 received	 this	 money	 in	 cash	 (anywhere	

between	€	1.10	and	€	2.20).	

	

3. Results	

Participants:	Of	95	participants,	12	were	excluded	because	they	either	did	

not	 complete	 the	 task,	had	more	 than	100	 response	omissions	 in	any	one	

stage	of	the	game,	pushed	either	the	same	key	or	alternate	keys	more	than	

32	times	in	a	row	during	the	instrumental	or	test	phases	or	scored	less	than	

50%	(chance	level)	on	either	the	final	block	of	Pavlovian	query	trials	during	

the	training	phase	or	the	final	Pavlovian	query	trial	stage.	Of	the	remaining	

83	participants,	41	completed	the	‘explicit’	and	42	the	‘incidental’	version	of	

the	task.		

	

Pavlovian	Training:	During	each	of	the	three	blocks	of	Pavlovian	query	trials	

(during	 training)	participants	were	able	 to	accurately	select	 the	shape	that	

was	worth	 the	most	 points	with	 a	mean	 of	 98%	 (SD:	 9%)	 during	 the	 first	

block	and	100%	for	the	subsequent	blocks.	

	

Instrumental	 Training:	 Unsurprisingly,	 accuracy	 was	 high	 (100%)	 with	 a	

mean	RT	of	255	ms	(SD:	65	ms)	during	the	instrumental	training	phase.		

	

Free	 Choice	 Test:	 Participants	 freely	 selected	 the	 key	 that	 had	 previously	

yielded	 each	 blue	 shape	 on	 53%	 (SD:	 18%)	 of	 trials.	 This	 did	 not	 differ	

significantly	 from	 chance	 level	 of	 50%,	 t	 (82)	 =	 1.4,	 p	 =	 0.16.	 Repeated	

measures	 ANOVA	with	 blue	 shape	 value	 (high/low)	 and	 between-subjects	

factor	 of	 task	 version	 (explicit/incidental)	 revealed	 no	 significant	 effect	 of	

value	F	 <	1,	 p	 =	0.48	nor	main	effect	of	nor	 interactions	with	 task	 version	

(ps>	0.23).	



Pilot	Studies:	Ideomotor	&	Value	

253	

	

The	 same	 analysis	 was	 repeated	 for	 the	 RT	 data	 (correct	 trials	 only).	

Participants	were	significantly	faster	when	selecting	the	key	associated	with	

high	 value	 shapes	 (430	ms,	 SD:	 163	ms)	 relative	 to	 the	 low	 value	 shapes	

(448	ms,	SD:	171	ms)	as	indicated	by	a	main	effect	of	value	F(1,	81)	=	5.1,	p	=	

0.03.	 There	was	 no	main	 effect	 of	 nor	 interactions	with	 task	 version	 (ps>	

0.19).	

	

Forced	 Choice	 Test:	 Accuracy	 was	 high	 (mean:	 94%,	 SD:	 9%)	 during	 the	

forced	 choice	 test	 with	mean	 RT	 on	 correct	 trials	 of	 511	ms	 (SD:	 77	ms).	

Repeated	Measures	ANOVA	was	used	to	investigate	the	effects	of	value	and	

congruence	 on	 accuracy	 and	 RT	 with	 task	 version	 (explicit/incidental)	

entered	as	between-subject	factor.	The	expected	interaction	between	value	

and	congruence	was	not	found,	F	(1,81)	=	0.2,	p	=	0.66,	nor	was	either	main	

effect	 significant	 (ps>	 0.11).	 There	 was	 no	 significant	 main	 effect	 of	 nor	

interactions	with	task	version	(all	ps>	0.14).	

	

The	 same	 analysis	 was	 repeated	 for	 the	 RT	 data	 (correct	 trials	 only).	

Participants	were	significantly	faster	on	the	high	value	trials	as	indicated	by	

a	 main	 effect	 of	 value	 F(1,	 81)	 =	 8.0,	 p	 =	 0.006,	 however,	 the	 expected	

interaction	between	value	and	congruence	was	not	found,	F	(1,81)	=	2.0,	p	=	

0.16	(see	Figure	4).	There	was	no	significant	main	effect	of	congruence	(F<1,	

p	=	0.50)	and	no	significant	main	effect	of	nor	interactions	with	task	version	

(all	ps>	0.16).	
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Figure	4:	Forced-Choice	Test:	The	expected	 interaction	between	outcome-response	

congruence	and	outcome	value	was	not	observed.	RT	data	is	shown	collapsed	across	

both	task	versions.	Error	bars	represent	standard	error	of	the	mean.	

	

Final	Pavlovian	Query	Trials:	Participants	had	retained	the	value	of	the	blue	

shapes	 during	 the	 test	 phases	 as	 indicated	 by	 mean	 accuracy	 during	 the	

final	block	of	Pavlovian	query	trials	of	100%.	

	

4. Discussion	

Contrary	 to	 expectations,	 we	 observed	 very	 little	 evidence	 of	 ideomotor	

response	 priming	 using	 the	 current	 paradigm.	 In	 the	 free	 choice	 test,	

participants	 were	 presented	 with	 blue	 shapes	 and	 expected	 to	 select	 the	

key	 that	had	previously	yielded	 that	blue	shape.	However,	performance	 in	

this	test	was	no	higher	than	chance	level		-	 indicating	that	participants	had	

not	 apparently	 learned	 the	 correct	O-R	mappings	 during	 the	 instrumental	

training	phase.	 It	 could	be	argued	 that	participants	were	not	motivated	 to	

respond	accurately,	however,	the	fact	that	RT	were	influenced	by	value	and	

the	 high	 performance	 in	 the	 subsequent	 test	 phases	 suggests	 that	
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participants	were	motivated	to	perform	accurately	during	this	experiment.	

Results	 from	 the	 forced-choice	 test	 suggested	 little	 interference	 from	

previously	learned	O-R	mappings	(no	effects	involving	mapping	congruence)	

but	similarly	to	the	free-choice	test,	participants	were	faster	to	respond	for	

outcomes	that	had	previously	been	paired	with	high	reward.		

	

There	are	a	number	of	possible	explanations	for	the	current	results	and	why	

participants	did	not	 appear	 to	 encode	 the	different	O-R	 relationships.	 The	

first	is	that	the	assignment	of	two	outcomes	to	one	response	key	during	the	

instrumental	 phase	 could	 have	 meant	 that	 it	 was	 more	 difficult	 for	

participants	 to	 spontaneously	 acquire	 knowledge	 about	 the	 O-R	

relationships	(they	were	not	told	that	they	would	be	tested	on	it	later).	They	

may	have	experienced	 the	blue	 shapes	as	being	 randomly	presented	after	

each	 trial.	 Given	 the	 high	 number	 of	 trials	 this	 seems	 unlikely	 but	

unfortunately	we	did	not	explicitly	 test	O-R	knowledge,	 so	we	cannot	 rule	

out	 this	 possibility.	 In	 addition	 it	 is	 possible	 that	 as	 participants	 were	

instructed	 by	 the	 presence	 of	 a	 green	 arrow	 as	 to	which	 key	 to	 press	 on	

each	 trial	 that	 they	 did	 not	 pay	 attention	 to	 and	 encode	 the	 O-R	

relationships.	 These	 results	 raise	 questions	 as	 to	 the	 automaticity	 of	

ideomotor	O-R	 learning	and	 further	 research	 is	 required	 to	 investigate	 the	

parameters	 (complex	 O-R	 relationships	 involving	 multiple	 associations,	

reward	and	explicit	 instructions)	 that	affect	 the	acquisition	and	expression	

of	ideomotor	response	priming.	
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In	 this	 document	 we	 provide	 brief	 details	 of	 pilot	 studies	
referred	to	in	chapter	8.	
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1. Introduction	

Cue-elicited	responding	for	outcomes	can	be	examined	with	the	Pavlovian-

to-instrumental-transfer	 (PIT)	 task.	Using	 this	 task,	Watson	 and	 colleagues	

(2014)	 first	 trained	 participants	 to	 associate	 two	 keyboard	 responses	with	

the	 delivery	 of	 popcorn	 or	 chocolate	 Smarties.	 After	 this	 instrumental	

training	 phase,	 they	 then	 underwent	 a	 separate	 Pavlovian	 training	 phase,	

learning	 the	 relationships	 between	 abstract	 stimuli	 and	 these	 same	 two	

food	 outcomes.	 Finally	 in	 a	 transfer	 test,	 responding	 for	 the	 two	 food	

outcomes	was	assessed	both	in	the	presence	and	absence	of	the	Pavlovian	

stimuli.	Using	this	and	similar	tasks,	a	number	of	studies	have	demonstrated	

that	cues	previously	associated	with	rewarding	outcomes	continue	to	elicit	

instrumental	 responses	 directed	 towards	 those	 outcomes,	 even	when	 the	

outcomes	 are	 no	 longer	 desired	 (Hogarth,	 2012;	 Hogarth	 &	 Chase,	 2011;	

Watson	et	al.,	2014).	

	

These	 previous	 studies	 used	 motivational	 manipulations	 such	 as	 satiation	

and	 health	 warnings	 to	 devalue	 outcomes	 before	 the	 test	 phase	 and	

observed	 that	while	 these	manipulations	 affect	 baseline	preference	 in	 the	

absence	 of	 cues	 (e.g.	 participants	 respond	 more	 for	 the	 non-sated	 food	

outcome	 than	 the	 food	 outcome	 on	 which	 they	 have	 been	 sated),	 cue-

elicited	 responding	appears	 to	be	 inflexible	and	persistent	 (Hogarth,	2012;	

Hogarth	&	Chase,	2011;	Watson	et	al.,	2014).	In	the	current	experiments	we	

attempted	to	manipulate	the	properties	of	the	Pavlovian	cues	(rather	than	

the	outcomes)	in	an	attempt	to	disrupt	this	cue-elicited	responding	priming	

for	outcomes.	In	two	experiments,	we	used	the	PIT	task,	exactly	as	has	been	

published	 previously	 (Watson	 et	 al.,	 2014;	 see	 Chapter	 5),	 with	 the	

exception	that	we	used	drink	rewards	rather	than	food	rewards.	Instead	of	a	

satiation	manipulation	participants	either	underwent	a	counterconditioning	
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manipulation	(Experiments	1a	and	1b)	or	a	response	inhibition	manipulation	

(Experiments	 2a	 and	 2b)	 prior	 to	 the	 transfer	 test	 (see	 Figure	 1	 for	 an	

overview	of	the	procedure).		

	

Counterconditioning	 involves	 the	 retraining	 of	 a	 Pavlovian	 cue	 to	 be	

predictive	 of	 a	 now	 aversive	 outcome.	 In	 animals,	 this	 has	 been	 seen	 to	

disrupt	 the	 PIT	 effect,	 provided	 that	 the	 number	 of	 counterconditioning	

trials	 is	similar	to	the	number	of	 initial	Pavlovian	training	trials	(Delamater,	

2012).	 While	 this	 has	 not	 previously	 been	 examined	 in	 a	 human	 PIT	

experiment,	 a	 counterconditioning	 manipulation	 was	 seen	 to	 reduce	

chocolate	consumption	in	the	presence	of	the	counter-conditioned	cue	(Van	

Gucht	 et	 al.,	 2010)	 and	 we	 may	 expect	 that	 after	 being	 paired	 with	 an	

aversive	 outcome,	 a	 counter-conditioned	 cue	 is	 less	 able	 to	 trigger	

responding	 for	 the	 rewarding	 outcome	 with	 which	 it	 was	 (previously)	

associated.	 Inhibition	 training	 on	 the	 other	 hand	 involves	 repeatedly	

inhibiting	 a	 “go”	 response	 directed	 towards	 a	 rewarding	 picture	 (e.g.	

chocolate)	and	has	been	seen	to	reduce	food	and	alcohol	intake	(Houben	&	

Jansen,	 2011;	 Houben	 et	 al.,	 2011;	 Lawrence,	 Verbruggen,	 et	 al.,	 2015;	

Veling	et	al.,	2014).	Repeatedly	 inhibiting	“go”	responses	directed	 towards	

abstract	cues	predictive	of	reward	has	not	previously	been	examined	but	we	

expected	 that	 the	 invigorating	 properties	 of	 the	 cue	 that	 has	 been	

repeatedly	 associated	 with	 “stopping”	 will	 be	 diminished.	 It	 is	 unclear	

whether	 pairing	 cues	with	 aversive	 outcomes	 (i.e.	 counterconditioning)	 or	

repeatedly	 stopping	 in	 the	presence	of	 cues	 (i.e.	 inhibition	 training)	would	

affect	the	explicit	desire	ratings	of	the	outcomes	that	they	predicted,	but	in	

the	current	set	of	studies	we	assessed	the	desire	ratings	 for	 the	two	drink	

outcomes	both	before	and	after	the	manipulations	(Experiments	1a	and	2a).		

We	also	assessed	 the	pleasantness	 ratings	of	 the	Pavlovian	cues	 (CSs)	and	
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expected	that	both	cue	manipulations	would	decrease	the	pleasantness	of	

the	cues	(Kerkhof,	Vansteenwegen,	Baeyens,	&	Hermans,	2011;	Veling	et	al.,	

2013a).	Our	main	measure	of	 interest,	however,	was	 the	effect	of	 the	cue	

manipulations	on	the	PIT	effect.	We	expected	that	both	counterconditioning	

and	inhibition	training	of	one	of	the	cues	would	diminish	the	ability	of	that	

cue	to	trigger	responding	for	the	outcome	it	signaled,	whilst	not	having	an	

effect	on	the	baseline	response	rates	(choice	during	non-cued	trials,	 in	the	

absence	of	Pavlovian	stimuli).	

	

2. Experiment	1a:	Counterconditioning	

Participants	first	 learned	the	relationships	between	two	response	keys	and	

two	drink	outcomes	–	cola	and	orange	 juice.	 In	a	Pavlovian	 training	phase	

they	then	learned	the	relationship	between	two	CSs	(colored	patterns)	and	

these	same	drink	outcomes.	Before	cue-elicited	responding	was	assessed	in	

a	 transfer	 test,	 participants	 underwent	 a	 counterconditioning	 condition	 in	

which	 they	 saw	 repeated	 presentations	 of	 one	 of	 the	 CSs	 and	 drank	 a	

distasteful	liquid.	Finally,	during	the	transfer	test	participants	could	respond	

for	 either	 drink	 reward	 whilst	 the	 colored	 patterns	 were	 occasionally	

presented	on	screen.	

	

2.1. Methods:	

Participants:	 24	 participants	 were	 tested	 and	 two	 participants	 were	

excluded	 for	 scoring	 less	 than	 50%	 chance	 level	 on	 the	 final	 instrumental	

query	trials.	The	final	dataset	consisted	of	22	individuals	(14	females)	with	a	

mean	age	of	22.3	years	(SD:	3.3	years).	
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Figure	 1:	 Procedure	 of	 the	 PIT	 task:	 Outlined	 for	 Experiments	 1a	 and	 2a.	 For	

Experiments	1b	and	2b	the	Pavlovian	stimuli	were	abstract	black	and	white	patterns.	
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Procedure:	 The	 procedure	 can	 be	 visualized	 in	 Figure	 1.	 The	 task	 is	 as	

described	in	Watson	et	al	(2014)	but	will	be	briefly	outlined	below.	

	

Rating	Phase	T1:	Participants	were	first	asked	to	taste	and	rate	their	desire	

for	the	two	drinks	(cola	and	orange)	as	well	as	their	thirst.	They	also	rated	

their	hunger	before	they	then	ate	two	plain	water	crackers	and	tasted	and	

rated	again	desire	for	the	two	drinks	and	their	thirst.		

	

Instrumental	 Training:	 Participants	 could	 earn	 cola	 and	 orange	 juice	 by	

pressing	 on	 two	 keyboard	 keys	 when	 a	 purple	 box	 was	 presented	 in	 the	

center	 of	 the	 screen	 (the	 availability	window;	 see	 Figure	 1).	 One	 of	 these	

two	 keys	 was	 assigned	 to	 cola	 and	 the	 other	 to	 orange	 juice	

(counterbalanced).	 On	 each	 of	 24	 trials,	 participants	 were	 instructed	 that	

only	one	of	the	two	drink	outcomes	would	be	available	and	that	they	would	

have	 to	 work	 out	 which	 drink	 outcome	 that	 was	 by	 trial	 and	 error.	 They	

were	told	to	continue	trying	both	keys	until	they	won	something	–	as	would	

be	evidenced	by	 the	appearance	of	either	a	cola	or	orange	 juice	 image	on	

the	 screen.	 Participants	 were	 told	 that	 they	 should	 try	 and	 learn	 the	

relationships	 between	 the	 keys	 and	 the	 drink	 outcomes	 and	 that	

occasionally	 they	 would	 be	 tested	 on	 what	 they	 had	 learned.	 A	 variable	

ratio	schedule	of	10,	between	5	and	15	key	presses,	determined	the	amount	

of	specific	key	presses	needed	for	the	image	of	the	drink	outcome	available	

on	 that	 trial	 to	 appear.	 Every	 fourth	 time	 that	 a	 specific	 drink	 image	was	

presented,	 there	 was	 also	 a	 ‘ding’	 sound	 signaling	 that	 the	 participant	

should	take	one	small	(5cc)	plastic	cup	of	either	cola	or	orange	juice,	using	

their	 non-dominant	 hand,	 and	 consume	 it	 immediately.	 At	 the	 end	 of	 the	

second	and	 fourth	 instrumental	 blocks,	 a	block	of	 four	 instrumental	 query	
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trials	was	inserted	to	test	the	participants	on	their	knowledge	of	the	relation	

between	 the	 two	 keys	 and	 the	 two	 drink	 outcomes.	 Feedback	

(correct/incorrect)	was	given.	

	

Rating	Phase	T2:	Participants	rated	their	thirst	both	before	and	after	eating	

two	 plain	 water	 crackers.	 They	 also	 saw	 the	 two	 colored	 patterns	 that	

functioned	 as	 Pavlovian	 stimuli	 and	 rated	 how	 pleasant	 they	 found	 each	

one.	

	

Pavlovian	 Training:	 Participants	 learned	 the	 relationships	 between	 two	

Pavlovian	cues	(orange	and	brown	patterns;	see	Figure	1)	and	the	two	drink	

outcomes.	Because	 this	 study	was	 the	 first	attempt	 to	disrupt	PIT	via	 cue-

related	 manipulations,	 the	 cues	 were	 visually	 related	 to	 the	 two	 drink	

outcomes	and	as	such	were	not	counterbalanced	–	the	orange	pattern	was	

always	 paired	with	 the	 orange	 juice	 and	 the	 brown	pattern	 always	 paired	

with	 the	cola.	During	 this	 training	phase,	participants	passively	viewed	the	

screen	and	were	not	required	to	make	any	responses.	They	were	told	that	

they	 should	 pay	 attention	 because	 they	 would	 be	 occasionally	 tested	 on	

their	 knowledge	 of	 the	 relationships	 between	 the	 patterns	 and	 the	 drink	

outcomes.	 Every	 fourth	 time	 that	 a	 specific	 drink	 outcome	 picture	 was	

presented,	 there	 was	 also	 a	 ‘ding’	 sound	 signaling	 that	 the	 participant	

should	consume	a	5cc	plastic	cupful	of	that	drink.	At	the	end	of	the	second	

and	fourth	block,	a	block	of	four	Pavlovian	query	trials	was	inserted	to	test	

the	 participants	 on	 their	 knowledge	 of	 the	 cue-outcome	 contingencies.	

Feedback	was	provided.	

	

Rating	Phase	T3:	Participants	saw	the	two	colored	patterns	that	functioned	

as	Pavlovian	stimuli	and	rated	how	pleasant	they	found	each	one.	
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Counterconditioning:	 A	 tray	with	 12	 5cc	 plastic	 cups	 of	 liquid	was	 placed	

before	each	participant.		This	liquid	was	a	mixture	of	water	and	tween	20	–	

a	bitter	tasting	liquid.	Participants	were	instructed	to	watch	the	screen	and	

follow	 the	 instructions.	 One	 of	 the	 CS	 colored	 patterns	was	 presented	 12	

times	(which	CS	was	seen	was	counterbalanced	across	participants).	Each	CS	

presentation	 lasted	 for	 2	 seconds	 and	 the	 pattern	was	 then	 overlaid	with	

the	text	“Take	a	sip”	for	1	second.	The	ITI	was	then	12	seconds	long	before	

the	 same	 CS	 was	 presented	 again.	 Each	 participant	 saw	 one	 of	 the	 CS	

pictures	 12	 times	 and	 never	 saw	 the	 other	 one.	 This	 counterconditioning	

phase	lasted	approximately	3	minutes.		

	

Rating	Phase	T4:	Participants	were	asked	to	rate	how	tasty	they	had	found	

the	“new”	drink,	rated	their	thirst	and	rated	the	pleasantness	of	each	of	the	

two	Pavlovian	stimuli.	Finally	they	tasted	and	rated	their	desire	for	cola	and	

orange	juice.	

	

Transfer	 Test:	 Participants	 then	 performed	 the	 test	 phase	 of	 the	 PIT	 task	

during	which	they	were	free	to	respond	on	the	cola	and	orange	juice	keys	as	

often	as	they	liked	in	order	to	win	these	drink	outcomes.	No	drinks	were	in	

sight	 during	 this	 phase	 of	 the	 task.	 At	 the	 beginning	 of	 the	 test	 phase	

participants	 received	 the	 instruction	 that	 while	 the	 purple	 box	 was	 on	

screen	 (the	availability	window)	 they	 could	push	on	either	key	as	often	as	

they	 liked	 in	 order	 to	 win	 cola	 or	 orange	 juice.	 They	 were	 told	 that,	 as	

before,	only	one	of	the	two	drink	outcomes	would	be	available	on	each	trial	

but	that	this	time	they	would	not	be	told	after	each	trial	what	they	had	won.	

Instead	 they	 would	 find	 out	 at	 the	 end	 of	 the	 phase	 how	 many	 cups	 of	

orange	 juice	 or	 cola	 they	 had	 earned	 and	 they	 would	 then	 drink	 these,	
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whilst	 they	 filled	 in	 questionnaires	 (nominal	 extinction).	 The	 transfer	 test	

consisted	 of	 30	 intermixed	 cued	 and	 non-cued	 trials.	 During	 the	 10	 non-

cued	trials	the	purple	box	was	presented.	During	the	20	cued	test	trials,	one	

of	 the	Pavlovian	 cues	was	presented,	 overlaid	with	 the	purple	 ‘availability	

window’	 box	 (see	 Figure	 1).	 The	 number	 of	 presses	 on	 each	 key	 was	

recorded,	 as	 was	 the	 RT	 of	 the	 first	 key	 press.	 Finally,	 a	 block	 of	 four	

instrumental	query	trials	 tested	whether	the	participants	had	remembered	

the	 instrumental	 R-O	 relationships	 from	 the	 instrumental	 training	 session	

(no	feedback	was	given).	

	

Statistics:	Repeated	Measures	ANOVA	was	used	in	all	experiments	to	check	

whether	 the	 manipulations	 affected	 pleasantness	 ratings	 of	 the	 two	 CS’s	

with	time	(before/after	manipulation)	and	CS	(nonpaired/paired)	as	within-

subject	factors.	A	similar	analysis	was	conducted	on	the	drink	desire	ratings	

for	 Experiments	 1a	 and	 2a	 with	 time	 (beginning	 of	 experiment/before	

transfer	 test)	 and	 CS	 (nonpaired/paired)	 as	within-subject	 factors.	 	 During	

the	 transfer	 test,	 mean	 percentage	 of	 responses	 directed	 towards	 each	

drink	was	calculated,	per	trial	type	(cued/non	cued).	Baseline	preference	for	

the	 two	 drinks	 in	 the	 absence	 of	 Pavlovian	 cues	 (baseline	 condition)	 was	

assessed	 with	 one-sample	 t-test	 to	 see	 whether	 responding	 for	 the	 drink	

that	was	paired	with	 the	 counterconditioned/stopping	CS	was	 significantly	

different	 to	 50%	 during	 no-stimulus	 trials	 (where	 50%	 indicates	 that	 both	

keys	 were	 sampled	 equally	 often).	 To	 examine	 the	 effect	 of	 the	 CS	

manipulation	on	the	outcome-specific	transfer	effect	we	examined	the	rate	

at	which	the	two	CSs	augmented	responding	above	baseline	response	rates	

for	 the	 drinks	 that	 they	 signaled.	 To	 do	 this	 we	 subtracted	 the	 baseline	

response	 rates	 (during	 the	 no-stimulus	 condition)	 from	 the	 percentage	 of	
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presses	for	each	drink	during	trials	in	which	the	CS	for	those	outcomes	was	

presented.	These	values	were	then	compared	with	a	paired-sample	t-test.	

	

2.2. Results:	Experiment	1a	(Counterconditioning)	

Preference	 for	drinks:	There	was	no	difference	 in	 the	desire	 ratings	of	 the	

cola	 (68%,	 SD:	 24%)	 versus	 the	 orange	 juice	 (mean:	 59%,	 SD:	 28%)	 at	 the	

beginning	of	the	experiment,	t(21)	=	1.4,	p	=	0.19.	

	

Manipulation	 Checks:	 As	 expected,	 participants	 found	 the	 Tween	mixture	

distasteful	and	rated	its	tastiness	as	4.8%	(SD:	7.1%).		

	

For	 the	 pleasantness	 ratings	 of	 the	 two	 CS’s	 the	 analysis	 revealed	 the	

expected	interaction	between	time	and	counterconditioning,	F	(1,21)	=	10.9,	

p	=	0.003.	Before	the	manipulation	there	was	no	difference	in	ratings	for	the	

two	 CSs	 (t	 (21)	 =	 1,	 p	 =	 0.77),	 but	 after	 the	 manipulation	 the	

counterconditioned	 CS	 (CC-CS)	 was	 rated	 as	 less	 pleasant	 than	 the	 non-

counterconditioned	CS	(non-CC-CS)	t	(21)	=	3.6,	p	=	0.002.		

	

The	 analysis	 of	 the	 drink	 desire	 ratings	 showed	 a	 marginally	 significant	

effect	of	 time	F(1,21)	=	3.7,	p	=	0.068,	such	that	after	counterconditioning	

the	 desire	 ratings	 for	 both	 drinks	 had	 slightly	 increased,	 but	 no	 other	

significant	results	(ps>0.39).	

	

Transfer	 Test	 Phase:	 The	 counterconditioning	manipulation	 did	 not	 affect	

baseline	 response	 rates	 and	during	non-cued	 trials	 participants	 responded	

on	 the	 two	 keys	 about	 equally	 often	 (see	 Figure	 2,	 baseline	 responding	

depicted	 in	 black).	 The	 mean	 response	 rate	 for	 the	 drink	 that	 had	 been	
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paired	with	 the	CC-CS	was	44%	 (SD:	21%),	which	was	not	 significantly	 less	

than	50%	(1	sample	t-test,	t	(21)	=	1.3,	p	=	0.20).	

	

As	 can	be	 seen	 in	Figure	2,	 responding	 for	 the	drink	 that	had	been	paired	

with	the	CC-CS	increased	26	percentage	points	(pp.;	SD	=	22	pp.)	above	the	

baseline	 rate,	 when	 the	 CC-CS	 was	 on	 screen.	 This	 was	 not	 significantly	

different	to	the	augmentation	rate	of	the	non-CC-CS	(mean	=	25	pp.;	SD	=	30	

pp.),	 p	 =	 0.90.	 This	 suggests	 that	 the	 counterconditioning	 manipulation,	

whilst	affecting	pleasantness	of	the	counterconditioned	CS,	did	not	diminish	

the	degree	to	which	that	CS	triggered	responding	 for	 the	drink	outcome	 it	

predicts.	
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Figure	 2:	 Experiment	 1a.	 On	 non-cued	 (baseline)	 trials	 (depicted	 in	 black),	
participants	responded	about	equally	often	for	the	drinks	that	had	been	paired	with	

the	 CC	 and	 non-CC	 CS.	 Each	 CS	 increased	 responding	 for	 the	 drink	 it	 signaled	

(depicted	 in	 gray),	 regardless	 of	whether	 it	 had	undergone	 counterconditioning	or	

not.	 Dotted	 line	 at	 50%	 represents	 responding	 equally	 often	 for	 the	 two	 drink	

outcomes.	Error	bars	represent	standard	error	of	the	mean.	

	

3. Experiment	1b:	Counterconditioning	

While	 the	 counterconditioning	 manipulation	 in	 Experiment	 1a	 was	

successful	in	that	people	found	the	Tween	mixture	distasteful	and	rated	the	

Tween-paired	 CS	 as	 less	 pleasant,	 the	 counterconditioned	 CS	 still	

augmented	 responding	 for	 the	outcome	 it	 signaled	 to	 the	 same	degree	as	

the	 non-counterconditioned	 CS	 did.	 It	 is	 possible,	 however,	 that	 as	

participants	 had	 the	 chance	 to	 taste	 and	 rate	 the	 drinks	 after	 the	

counterconditioning	phase,	motivation	 for	 the	 tasty	drinks	may	have	been	
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high	 (in	 contrast	 to	 the	 aversive	 Tween	 taste)	 and	 this	 might	 have	

overridden	 any	 effects	 of	 the	 counterconditioning	 manipulation.	 We	

therefore	replicated	the	study	with	some	important	procedural	changes.	

	

3.1. Methods	

Procedure:	 In	 Experiment	 1a	 the	 Pavlovian	 CSs	 were	 perceptually	 very	

similar	to	the	drink	outcomes	(and	not	counterbalanced),	so	 in	Experiment	

1b	 we	 used	 abstract	 black	 and	 white	 stimuli	 as	 the	 CSs	 (the	 CS-outcome	

relationship	was	 counterbalanced	 across	 participants).	 In	 addition,	we	 did	

not	give	participants	a	chance	to	sample	the	drinks	again	before	the	transfer	

test	(T4).	All	other	parts	of	the	procedure	were	identical.	

	

Participants:	 28	 participants	 were	 tested	 although	 one	 participant	

experienced	 technical	difficulties	and	 the	 task	had	 to	be	 stopped.	Another	

was	 excluded	 for	 scoring	 less	 than	 50%	 chance	 level	 on	 the	 final	

instrumental	 query	 trials.	 The	 final	 dataset	 consisted	 of	 26	 individuals	 (18	

females)	with	a	mean	age	of	22.6	years	(SD:	3.4	years).		

	

3.2. Results:	Experiment	1b	(Counterconditioning)	

Preference	 for	drinks:	There	was	no	difference	 in	 the	desire	 ratings	of	 the	

cola	 (65%,	 SD:	 18%)	 versus	 the	 orange	 juice	 (mean:	 57%,	 SD:	 23%)	 at	 the	

beginning	of	the	experiment,	t(25)	=	1.4,	p	=	0.17.	

	

Manipulation	 Checks:	 Participants	 found	 the	 Tween	 mixture	 distasteful,	

rating	the	tastiness	as	7%	(SD:	9%).	For	the	pleasantness	ratings	for	the	two	

CSs	 the	 analysis	 revealed	 the	 expected	 interaction	 between	 time	 and	

counterconditioning,	 F(1,25)	 =	 	 18.5	 p	 <0.0001.	 Before	 the	 manipulation	

there	was	no	difference	 in	 ratings	 for	 the	 two	CSs	 (t	 (25)	 =	1.4,	p	 =	0.19),	
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after	the	manipulation	the	counterconditioned	CS	was	rated	as	less	pleasant	

t	(25)	=	4.0,	p	=	0.001.		

	

Transfer	Test	Phase:	Replicating	 the	 results	of	Experiment	1a,	participants	

responded	equally	often	 for	 the	two	drinks	during	the	baseline	 (non-cued)	

trials.	The	mean	response	rate	for	the	drink	that	had	been	paired	with	the	

CC-CS	was	50%		(SD:	27%).	

	

Responding	 for	 the	 drink	 that	 had	 been	 paired	 with	 the	 CC-CS	 increased	

23pp.	 (SD:	28	pp.)	above	the	baseline	rate	when	the	CC-CS	was	on	screen.	

Replicating	the	results	of	Experiment	1a,	this	was	not	significantly	different	

to	 the	 augmentation	 rate	of	 the	non-CC-CS	 (mean:	 18	pp.,	 SD	=	28	pp.),	 t	

(25)	=	.68,	p	=	0.50.		

	

4. Experiment	2a:	Inhibition	training	

As	 an	 alternative	 approach	 to	 counterconditioning	 we	 used	 inhibition	

training	in	Experiment	2	in	an	attempt	to	reduce	the	invigorating	properties	

of	 the	 Pavlovian	 cues	 on	 responding	 for	 the	 outcome	 that	 they	 signaled.	

Participants	performed	a	Go-NoGo	task		(Houben	&	Jansen,	2011)	in	which	

one	of	the	Pavlovian	cues	was	consistently	paired	with	the	stopping	signal,	

before	they	began	the	transfer	test.	

	

4.1. Methods	

Procedure:	 Experiment	2a	was	 identical	 to	 that	of	 Experiment	1a	outlined	

above,	but	the	counterconditioning	manipulation	was	replaced	by	inhibition	

training	(a	Go-NoGo	task).		
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Go-NoGo	 Task:	 Participants	 were	 instructed	 to	 push	 the	 spacebar	 every	

time	 that	 they	 saw	 an	 “F”	 appear	 in	 the	middle	 of	 the	 screen	 and	 to	 not	

respond	every	time	that	a	“P”	was	shown	(half	the	participants	were	given	

the	 opposite	 instructions	 for	 F	 and	 P).	 They	 were	 told	 to	 be	 as	 fast	 as	

possible	 and	 that	 they	 would	 receive	 feedback	 	 -	 a	 green	 square	 for	

correctly	responding/not	responding	and	a	red	square	if	an	error	was	made.	

The	F	and	P	were	colored	white	and	presented	in	the	middle	of	the	screen	in	

font	 size	 36.	 The	 F	was	 always	 presented	 against	 the	 brown	pattern	 (cola	

CS).	 The	P	was	 always	presented	 against	 the	orange	pattern	 (orange	 juice	

CS).	 In	 this	 way	 half	 of	 the	 participants	 repeatedly	 inhibited	 responding	

during	the	cola	CS	and	the	other	half	inhibited	responding	during	the	orange	

CS.	 The	 two	 CSs	 were	 presented	 twice	 randomly,	 a	 total	 of	 80	 times	

resulting	 in	320	trials	 in	total.	After	160	trials,	participants	were	 instructed	

to	 take	 a	 break.	 The	 Go-NoGo	 task	 took	 approximately	 7	 minutes	 to	

complete.	All	other	parts	of	the	procedure	were	identical.	

	

Participants:	20	participants	(13	females)	with	a	mean	age	of	21.3	years	(SD:	

2.4	years)	took	part.		

	

4.2. Results:	Experiment	2a	(Inhibition	training)	

Preference	 for	drinks:	There	was	no	difference	 in	 the	desire	 ratings	of	 the	

cola	 (69%,	 SD:	 17%)	 versus	 the	 orange	 juice	 (mean:	 58%,	 SD:	 20%)	 at	 the	

beginning	of	the	experiment,	t(19)	=	1.7,	p	=	0.10.	

	

Manipulation	 Checks:	 CS	 pleasantness	 ratings:	 When	 analyzing	

pleasantness	 ratings	 of	 the	 two	 CSs	 a	 marginal	 interaction	 between	 time	

and	counterconditioning,	F(1,19)	=	 	3.8,	p	=	0.064,	was	observed,	but	post	

hoc	 comparisons	 showed	 no	 differences	 in	 pleasantness	 ratings	 between	
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the	two	CSs	either	before	or	after	Go/NoGo	(ps	>	0.31).	There	were	no	other	

significant	effects	(ps	>	0.26).	

	

Accuracy	 during	Go-NoGo	 Task:	 Participants	made	 a	 correct	 Go	 response	

on	100%	(SD:	5%)	of	the	Go	trials	and	correctly	stopped	on	99%	of	the	No-

Go	trials	(SD:	11%).	

	

Desire	 for	Drinks:	 After	 the	Go-NoGo	 task,	 the	 desire	 for	 both	 drinks	 had	

reduced	as	indicated	by	a	main	effect	of	time,	F(1,19)	=	7.6,	p	=	0.013,	in	the	

analysis.	

	

Test	Phase:	Surprisingly,	the	manipulation	did	affect	baseline	response	rates	

during	 the	 non-cued	 trials.	 As	 can	 be	 seen	 in	 Figure	 3	 (depicted	 in	 black),	

baseline	responding	for	the	drink	that	was	paired	with	the	stopping	CS	was	

40%	(SD:	18%),	which	was	significantly	less	than	50%	(1	sample	t-test,	t	(19)	

=	2.4,	p	=	0.025).	

	

As	can	be	seen	in	Figure	3	(depicted	in	gray),	responding	for	the	drink	paired	

with	 the	stopping-CS	 increased	by	29	pp.	 (SD	=	30	pp.)	above	the	baseline	

rate	 when	 the	 stopping-CS	 was	 on	 screen.	 This	 was	 not	 significantly	

different	to	the	augmentation	rate	of	the	go-CS	(mean:	18	pp.;	SD	=	18	pp.;	t		

(19)	=	1.6,	p	=	0.12).		
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Figure	 3:	 Experiment	 2a.	 On	 non-cued	 (baseline)	 trials	 (depicted	 in	 black),	
participants	 responded	more	 often	 for	 the	 drink	 paired	with	 the	Go	 CS.	However,	

each	CS	increased	responding	for	the	drink	it	signaled	(depicted	in	gray),	regardless	

of	whether	 it	had	 functioned	as	 the	 stopping	or	 the	going	CS	during	 the	 inhibition	

training.	Dotted	 line	at	50%	 represents	 responding	equally	often	 for	 the	 two	drink	

outcomes.	Error	bars	represent	standard	error	of	the	mean.	

	

These	 results	 suggest	 that	manipulating	 the	 invigorating	 properties	 of	 the	

cue	using	inhibition	training	did	not	reduce	the	ability	of	that	cue	to	trigger	

responses	for	the	outcome	it	signals.	

	

5. Experiment	2b:	Inhibition	training	

In	 line	 with	 previous	 studies	 using	 inhibition	 training,	 we	 observed	 a	

reduction	in	baseline	instrumental	responding	for	the	drink	that	was	paired	

with	 the	 stopping	 CS	 (Houben	 &	 Jansen,	 2011;	 Houben	 et	 al.,	 2011;	
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Lawrence,	 Verbruggen,	 et	 al.,	 2015;	 Veling	 et	 al.,	 2014).	 However,	 as	 the	

Pavlovian	stimuli	were	perceptually	very	similar	to	the	drink	outcomes	they	

predicted,	it	 is	not	clear	whether	this	effect	is	mediated	by	stopping	to	the	

CS	or	whether	it	is	akin	to	stopping	to	the	drink	outcome.	Therefore,	in	the	

next	 experiment,	we	 used	 abstract	 stimuli	 as	 the	 Pavlovian	 CSs	 that	were	

perceptually	different	to	the	drink	outcomes.		

	

5.1. Methods	

Procedure:	 We	 repeated	 Experiment	 2a	 using	 abstract	 black	 and	 white	

stimuli	as	the	CSs	(the	CS-outcome	relationship	was	counterbalanced	across	

participants).	 In	 addition,	we	did	not	 give	participants	 a	 chance	 to	 sample	

the	 drinks	 again	 before	 the	 transfer	 test	 (T4).	 All	 other	 parts	 of	 the	

procedure	were	identical	to	Experiment	2a.	

	

Participants:	 28	 participants	 took	 part	 although	 one	 participant	 was	

excluded	 as	 desire	 for	 both	 drinks	 was	 rated	 at	 less	 than	 1%	 at	 T1	 (also	

reported	to	the	experimenter	that	she	did	not	like	cola	at	all).	Another	was	

excluded	 for	 scoring	 less	 than	 50%	 chance	 level	 on	 the	 final	 instrumental	

query	trials.	The	final	dataset	consisted	of	26	individuals	(21	females)	with	a	

mean	age	of	23.9	years	(SD:	3.1	years).	

	

5.2. Results:	Experiment	2b	(Inhibition	Training)	

Preference	 for	drinks:	There	was	no	difference	 in	 the	desire	 ratings	of	 the	

cola	 (64%,	 SD:27%)	 versus	 the	 orange	 juice	 (mean:	 63%,	 SD:	 24%)	 at	 the	

beginning	of	the	experiment,	t(25)	=	0.14,	p	=	0.89.	

	

Manipulation	 Checks:	 CS	 pleasantness	 Ratings:	 As	 was	 observed	 in	

Experiment	2a,	inhibition	training	had	no	effect	on	the	pleasantness	ratings	
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for	the	two	CSs	–	there	was	no	significant	interaction	between	time	and	cue	

type	 (Go/No-Go),	F(1,25)	=	 	 1.8,	p	 =	0.19,	 and	no	other	 significant	effects,	

ps>0.60.	

	

Accuracy	 during	Go-NoGo	 Task:	 Participants	made	 a	 correct	 Go	 response	

on	99%	(SD:	1%)	of	the	Go	trials	and	correctly	stopped	on	99%	of	the	No-Go	

trials	(SD:	2%).	

	

Transfer	Test	Phase:	In	contrast	to	Experiment	2a,	we	did	not	replicate	the	

effect	 of	 inhibition	 training	 on	 baseline	 response	 rates.	 The	 analysis	

revealed	 instead	 that	 the	mean	 baseline	 response	 rate	 for	 the	 drink	 that	

had	 been	paired	with	 the	 stopping	 CS	was	 58%	 (SD:	 23%),	which	was	 not	

significantly	less	than	50%	(1	sample	t-test,	t	(25)	=	1.6,	p	=	0.092).	

	

The	 stopping-CS	 increased	 responding	 for	 the	 drink	 it	 signaled	 by	 22	

percentage	points	(SD	=	27pp.),	which	was	not	significantly	different	to	the	

augmentation	rate	of	the	Go-CS	(25	pp.	(SD	=28	pp.,	t	(25)	=	0.5,	p	=	0.60).		

This	pattern	of	results	thus	replicates	that	found	in	Experiment	2a,	namely	

that	inhibition	training	did	not	diminish	the	degree	to	which	a	cue	triggered	

responding	for	the	outcome	that	it	signaled.	

	

6. General	Conclusions	

Counterconditioning	of	one	CS	with	 tween	had	no	effect	on	either	explicit	

drink	 desirability	 ratings	 (Experiment	 1a)	 or	 on	 baseline	 responding	 for	

either	drink	(Experiments	1a	and	1b).	Most	 importantly,	and	 in	contrast	to	

expectations,	counterconditioning	failed	to	reduce	the	degree	to	which	the	

CS	 augmented	 responding	 above	 baseline	 levels	 (Experiments	 1a	 and	 1b).	

The	PIT	effect	was	reliably	elicited	in	each	experiment	and	the	manipulation	
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had	 no	 discernable	 effect	 on	 the	 ability	 of	 a	 counterconditioned	 CS	 to	

trigger	 responding	 for	 the	 drink	 it	 signaled.	 The	 counterconditioning	

manipulation	appeared	to	work	as	intended,	as	participants	rated	the	tween	

mixture	as	being	“completely	distasteful”	(this	was	borne	out	by	participant	

reactions	 during	 the	 experiment).	 Participants	 also	 rated	 the	 CS	 that	 had	

been	 paired	 with	 the	 tween	 as	 significantly	 less	 pleasant	 than	 the	 non-

paired	CS,	but	this	effect	did	not	transfer	 in	any	way	to	responding	for	the	

associated	drinks.	

	

In	 experiment	 2a,	 the	 Go/No-Go	 task	 did	 appear	 to	 affect	 baseline	

responding	 for	 drinks	 in	 the	 absence	 of	 the	 cues.	 While	 the	 CS	 that	 was	

paired	with	the	stopping	signal	was	not	rated	as	any	 less	pleasant	than	go	

CS,	participants	nonetheless	(during	the	non-cued	trials	of	the	transfer	test)	

responded	more	often	for	the	go-CS	paired	drink	relative	to	the	stopping-CS	

paired	drink.	In	Experiment	2b,	however,	this	effect	was	not	replicated	using	

black	and	white	abstract	patterns	as	the	CSs.	The	most	likely	explanation	is	

that	the	baseline	effect	observed	in	Experiment	2a	(preferential	responding	

for	the	go-CS	paired	drink	in	the	non-cued	trials)	was	due	to	the	perceptual	

similarity	 between	 the	 CSs	 and	 the	 drinks	 that	 they	were	 associated	with	

and	 that	 stopping	 to	 one	 of	 the	 CSs	 was	 akin	 to	 stopping	 to	 one	 of	 the	

outcome	pictures.	The	data	of	Experiment	2a,	therefore,	can	be	considered	

a	 replication	 of	 previous	 work	 in	 this	 area	 (Houben	 &	 Jansen,	 2011;	

Lawrence,	 Verbruggen,	 et	 al.,	 2015;	 Veling	 et	 al.,	 2013b),	 although	 our	

results	 suggest	 that	 inhibition	 training	 can	 also	 reduce	 instrumental	

responding	directed	 towards	outcomes	 (in	 addition	 to	Pavlovian	 approach	

responses	which	have	been	utilized	in	previous	studies).	However	the	focus	

of	 these	 studies	 was	 the	 PIT	 effect	 and	 contrary	 to	 expectations,	

augmentation	of	responding	above	baseline	was	equivalent	for	both	CS’s	in	
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both	 Experiments	 2a	 and	 2b.	 It	 seems	 fair	 to	 conclude,	 therefore,	 that	

inhibiting	 responses	 to	 abstract	 Pavlovian	 cues	 does	 not	 lead	 to	 reduced	

responding	 for	 the	drinks	 that	 they	predict,	 in	 the	presence	of	 those	cues.	

The	 inhibition	 training	 effect	 may	 be	 highly	 specific	 to	 the	 inhibition	 of	

instrumental	 and/or	 Pavlovian	 approach	 responses	 directed	 towards	

outcomes.	
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Glossary	

Approach-Avoidance	Task	(AAT):	A	large	picture	set	consisting	of	neutral	
pictures	and	‘substance	relevant’	(e.g.	smoking)	pictures	is	used.	

Participants	see	pictures	appear	one	at	a	time	on	screen	and	are	instructed	

to	either	approach	or	avoid	each	picture	while	their	reaction	times	are	

measured.	Reaction	times	are	compared	across	different	picture	categories	

with	approach	bias	indicating	that	participants	were	faster	at	approaching	
rather	than	avoiding	a	particular	picture	category.		

	

Approach	Bias:	A	behavioral	tendency	to	be	faster	at	approaching	rather	
than	avoiding	particular	substances	(see	entry	for	Approach-Avoidance	
Task).	
	
Classic	two-stage	ideomotor	paradigm:	During	an	acquisition	phase	
participants	learn	that	specific	responses	yield	specific	outcomes.	During	the	

test	phase,	these	outcomes	are	now	presented	as	stimuli	and	participants	

are	required	to	either	spontaneously	press	keys	(free	choice	test)	or	are	

required	to	make	specific	responses	that	can	be	either	congruent	or	

incongruent	with	the	mappings	learned	during	the	acquisition	phase	(forced	

choice	test).	

	

Direct	response	priming:	See	entry	for	O-R	priming.	
	
General	Pavlovian-to-instrumental	transfer	(PIT):	Pavlovian	cues	elicit	
anticipation	of	an	outcome	providing	a	general	motivational	boost	to	all	

ongoing	motor	responses.	

	

Goal-directed	behavior:	Instrumental	responses	that	an	individual	carries	

out	because	a)	they	possess	knowledge	of	the	outcome	that	will	eventuate	

and	b)	they	have	a	current	desire	for	that	outcome.		

	

Habitual	(S-R)	responding:	Under	some	conditions,	for	example	after	

extensive	behavioral	repetition,	instrumental	responses	(R)	can	be	triggered	

directly	by	environmental	stimuli	(S),	regardless	of	the	current	desire	for	the	

outcome.		

	

Ideomotor	response	priming:	See	entry	for	O-R	priming.	
	
Indirect	response	priming:	See	entry	for	Outcome-specific	PIT.	
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Instrumental	Training:	R-O	learning	and	acquisition.	Participants	learn	the	
relationships	between	responses	(R)	and	the	outcomes	(O)	they	produce.	

	

Obesogenic	Environment:	An	environment	that	can	cause	obesity.	For	

example,	modern	built	environments	provide	an	abundance	of	food	whilst	

technological	advances	(cars,	elevators	etc)	reduce	the	need	for	physical	

exertion	in	day-to-day	life.		

	

Outcome-devaluation	test:	Following	instrumental	training,	one	of	the	

outcomes	is	devalued	(through	for	example,	satiation)	and	choice	of	

behavioral	responses	tested	in	extinction.	If	responding	for	the	devalued	

outcome	is	immediately	reduced,	behavior	is	goal-directed.	Continuing	to	

respond	for	the	devalued	outcome	indicates	behavior	that	is	under	the	

control	of	habitual	S-R	mechanisms.	

	

O-R	priming:	Outcome-Response	priming.	Presentation	of	an	outcome	

increases	the	specific	instrumental	response	that	previously	yielded	that	

outcome.		

	

Outcome-specific	Pavlovian-to-instrumental	transfer	(PIT):	Pavlovian	cues	
elicit	anticipation	of	an	outcome	and	increase	specific	instrumental	

responses	directed	towards	that	outcome.		

	

Pavlovian	Training:	S-O	learning	and	acquisition.	Participants	learn	the	
relationships	between	stimuli	(S)	and	the	outcomes	(O)	they	predict.	

	

Pavlovian-to-instrumental	transfer	(PIT):	See	entries	for	Outcome-specific	
PIT	and	General	PIT.	
	

Pavlovian-to-instrumental	transfer	(PIT)	task:	Consisting	of	three	phases.	
During	instrumental	training,	participants	learn	that	specific	instrumental	

responses	yield	specific	outcomes.	During	Pavlovian	training,	participants	
learn	that	certain	stimuli	predict	the	occurrence	of	these	same	outcomes	(or	

in	the	case	of	general	PIT,	other	outcomes).	During	the	test	phase	
(conducted	in	extinction),	choice	of	instrumental	responses	is	assessed	in	

the	presence	of	the	Pavlovian	stimuli	and	evidence	for	outcome-specific	(or	

general)	PIT	examined.		

	

S-O-R	priming:	Stimulus-Outcome-Response	priming.	See	entry	for	

Outcome-specific	PIT.	



 

 

Summary	in	English	

The	reward	we	experience	 from	behaviors	such	as	eating,	drinking	alcohol	

or	 taking	 drugs	 is	 a	 powerful	 reinforcer,	 leading	 to	 likely	 repetition	 of	 the	

behavior.	“Everything	 in	moderation”	 is	generally	seen	as	good	advice,	but	

we	 all	 know	 how	 difficult	 it	 can	 be	 to	 resist	 temptation.	 The	 built	

environment	that	we	live	in	tends	to	be	filled	with	temptations	–with	tasty	

food	and	alcoholic	drinks	available	twenty-four	hours	a	day	and	even	when	

at	 home,	 companies	 reminding	 us	 through	 adverts	 on	 the	 television	 or	

internet	 how	 rewarding	 their	 products	 are.	 Environmental	 cues	 such	 as	

these	are	often	argued	to	be	one	of	the	main	reasons	why	some	individuals	

are	 unable	 to	 stop	 overconsumption	 of	 food	 and	 drugs	 even	 though	 they	

often	report	desperately	wanting	to	stop	such	behavior.	Although	many	 in	

society	may	believe	that	an	obese	individual	or	alcoholic	is	“not	trying	hard	

enough”	 to	 change	 their	 unhealthy	 patterns	 of	 behavior,	 the	 view	 from	

experts	 in	 the	 field	 is	 that	 these	 problems	 of	 compulsive	 reward	 seeking	

(whether	 excessive	 eating	 or	 drug-taking)	 are	 due	 to	 the	 interaction	 of	 a	

vulnerable	 brain	 and	 a	 toxic	 environment.	 Cues	 reminding	 individuals	 of	

rewarding	outcomes	can	trigger	compulsive	 reward-seeking	behaviors	 that	

are	 seemingly	 impossible	 to	 control.	 During	my	 PhD	 project	 I	 focused	 on	

reward-related	 cues	 and	 the	 different	 types	 of	 behaviors	 that	 can	 be	

triggered	by	these	cues.	We	used	abstract	experimental	designs	to	formally	

demonstrate	 these	 effects	 in	 the	 lab	 (often	 in	 healthy	 individuals)	 to	

understand	 more	 about	 the	 underlying	 mechanisms	 and	 examine	 how	

different	types	of	people	would	be	affected	by	these	cues.			
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Approaching	rewarding	cues	

One	 type	 of	 behavior	 that	 can	 be	 triggered	 by	 environmental	 cues	 is	

approach	behavior.	This	is	a	behavioral	impulse	to	get	closer	(and	ultimately	

consume)	a	reward	such	as	a	piece	of	chocolate	or	a	cigarette.		In	the	lab	we	

use	the	approach	avoidance	task	to	measure	this	tendency	of	being	faster	at	

approaching	 rather	 than	 avoiding	 rewarding	 pictures	 (of	 e.g.	 a	 glass	 of	

beer).	 This	approach	bias	 tendency	 is	 an	 interesting	phenomenon	and	has	

been	 widely	 examined	 in	 smokers,	 alcohol	 drinkers	 (both	 heavy	 student	

drinkers	 and	 alcoholic	 patients)	 and	 in	 relation	 to	 food	 rewards.	 As	 we	

outline	in	Chapter	2,	however,	different	theories	of	addiction	have	different	

explanations	for	this	behavior	and	little	is	understood	about	why	people	are	

faster	 at	 approaching	 these	 rewards.	 Is	 it	 simply	 because	 they	 desire	 the	

depicted	glass	of	beer	more	 than	another	person?	Or	 is	 just	because	 they	

have	a	strong	habit	of	approaching	beer	glasses	–	with	behavioral	repetition	

at	the	root	of	this	maladaptive	approach	tendency?	From	a	theoretical	(and	

clinical)	 standpoint	 these	 two	 explanations	 actually	 have	 very	 different	

implications.	For	example,	if	the	approach	bias	is	driven	by	explicit	desire	for	

the	 depicted	 reward	 then	 a	 relevant	 clinical	 approach	 to	 treating	

problematic	 alcohol	 consumption	 is	 to	 focus	 on	 explicitly	 devaluing	 that	

reward	and	making	an	 individual	 realize	 that	 it	 is	not	 as	 valuable	as	other	

things	 in	 their	 life.	 If,	 however,	 it	 is	 a	 strong	 behavioral	 habit	 that	 is	

relatively	automatic,	 then	such	a	clinical	approach	may	have	 little	effect	 in	

reducing	 the	 behavior.	 As	 we	 outline	 in	 Chapter	 2,	 it	 is	 quite	 simple	 to	

differentiate	between	these	two	types	of	behaviors.	 If	the	approach	bias	is	

driven	by	explicit	desire	for	the	depicted	reward	then	it	should	be	sensitive	

to	 changes	 in	 the	 desire	 for	 that	 outcome.	 If,	 however,	 the	 behavior	 is	

habitual,	 then	 it	 will	 be	 automatically	 triggered	 by	 the	 alcohol	 pictures,	

regardless	of	whether	the	individual	currently	desires	the	glass	of	alcohol	or	



Appendix	C	

 

312	

not.	 We	 used	 this	 type	 of	 motivational	 manipulation	 to	 examine	 the	

approach	 bias	 towards	 cigarettes	 in	 a	 group	 of	 smokers	 (Chapter	 3).	

Smokers	performed	 the	approach	avoidance	 task	 twice	–	both	before	and	

after	a	break.	Each	time	they	performed	this	task	participants	saw	two	types	

of	pictures	appear	randomly	on	screen–	smoking	related	images	containing	

pictures	 of	 people	 smoking	 or	 packets	 of	 cigarettes	 and	 neutral	 images	

containing	 pictures	 of	 people	 holding	 pencils	 or	 packets	 of	 chewing	 gum.	

Every	picture	remained	on	screen	for	a	couple	of	seconds	and	was	tilted	to	

either	the	right	or	the	left.	Participants	were	instructed	to	push	on	a	joystick	

(and	make	the	 image	smaller,	 thus	simulating	avoidance)	 if	 it	was	tilted	to	

the	left	and	pull	on	the	joystick	(and	make	the	image	larger,	thus	simulating	

approach)	 if	 it	was	 tilted	 to	 the	 right.	We	measured	 the	 reaction	 times	 to	

make	 these	 types	 of	 movements	 and	 compared	 the	 speed	 at	 which	

participants	 approached	 and	 avoided	 smoking	 pictures	 versus	 neutral	

pictures.	 To	 examine	 whether	 the	 approach	 bias	 would	 be	 sensitive	 to	

changes	 in	 desire	 for	 the	 smoking	 outcome	we	 split	 our	 participants	 into	

two	groups	–	 those	who	were	given	 the	opportunity	 to	 smoke	a	 cigarette	

during	 the	 break	 (experimental	 group)	 and	 those	 who	 were	 not	 (control	

group).	We	hypothesized	that	if	the	approach	bias	is	sensitive	to	changes	in	

the	desire	for	cigarettes	then	after	the	break,	both	craving	for	cigarettes	and	

the	 speed	 at	 which	 participants	 approached	 the	 smoking	 pictures	 would	

reduce	 in	 the	 experimental	 group	 (relative	 to	 the	 control	 group).	

Alternatively,	 if	the	approach	bias	is	a	habitual	behavior	elicited	directly	by	

the	 smoking	 pictures	 then	 we	 expected	 that	 after	 the	 break	 the	 craving	

would	 be	 reduced	 in	 the	 experimental	 group	 but	 that	 the	 approach	 bias	

would	 be	 the	 same	 for	 the	 two	 groups.	 As	 so	 often	 happens	 in	 scientific	

experiments,	 neither	 of	 these	 scenarios	 reflected	what	we	 actually	 saw	 in	

our	 data.	 Surprisingly,	 after	 smoking	 a	 cigarette,	 participants	 in	 the	
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experimental	 group	 reported	 less	 craving	 but	 became	 even	 faster	 at	

approaching	 the	 smoking	 pictures.	 We	 cannot	 say,	 therefore,	 that	 the	

approach	bias	is	driven	by	explicit	desire	for	the	depicted	outcome	or	that	it	

is	 a	 habitual	 behavior,	 automatically	 triggered	 by	 the	 pictures.	 Instead	 it	

appears	 that	 being	 exposed	 to	 cigarettes	 increased	 the	 speed	 at	 which	

smokers	 approached	 cigarette	 pictures,	 even	 when	 craving	 had	 reduced.	

We	 conclude	 that	 there	 are	 other	motivational	mechanisms	 at	work	 here	

and	 that	 the	 approach	 bias	 is	 a	 complicated	 mix	 of	 outcome-response	

priming	 (where	 being	 exposed	 to	 outcomes	 increases	 the	 likelihood	 that	

you	will	respond	for	that	outcome)	and	Pavlovian	approach	behavior	(where	

cues	 associated	 with	 reward	 trigger	 relatively	 automatic	 approach	

behavior).	 As	 is	 discussed	more	 in	 Chapter	 2,	 it	 is	 very	 difficult	 using	 the	

approach	 avoidance	 task	 to	 tease	 apart	 these	 different	 mechanisms.	 In	

subsequent	 chapters	 of	 this	 dissertation,	 we	 turned	 our	 attention	 to	

different	experimental	tasks	and	to	different	types	of	behaviors.	

	

Performing	instrumental	actions	in	the	presence	of	rewarding	cues	

Environmental	 cues	 can	 trigger	 approach	movements	 but	 can	 also	 trigger	

more	 complex	 instrumental	 responses.	 These	 are	 responses	 directed	 at	

achieving	 certain	 outcomes,	 but	 unlike	 approach	 movements,	 which	 are	

spatially	 directed	 towards	 those	 outcomes	 (e.g.	 reaching	 for	 food),	

instrumental	behaviors	can	be	more	abstract.	In	everyday	life,	for	example,	

ordering	a	pizza	requires	a	complex	sequence	of	behavior	including	logging	

into	a	website,	filling	in	particular	details	and	paying	with	a	credit	card.	But	

what	triggers	the	initial	idea	of	ordering	a	pizza?	Was	it	when	I	walked	past	

the	pizza	restaurant	on	my	way	home	and	caught	sight	of	a	delicious	pizza?	

Or	was	it	 just	stopping	to	chat	to	my	Italian	neighbor	that	reminded	me	of	

pizza?	The	first	 is	an	example	of	direct	outcome-response	priming	–	where	
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the	pizza	outcome	(O)	triggers	the	associated	behavioral	response	(R	-order	

pizza).	The	second	is	an	example	of	indirect	stimulus	–	outcome	–	response	

(S-O-R)	 priming	 –	 my	 neighbor	 (S)	 reminds	 me	 of	 the	 pizza	 outcome	 (O)	

which	 then	 triggers	 the	 associated	 behavioral	 response	 (R	 -order	 pizza).	

Although	 it	may	seem	obvious	that	behaviors	can	be	triggered	 in	this	way,	

via	direct	and	indirect	reminders	of	outcomes,	for	the	purposes	of	my	PhD	

project	we	wanted	to	look	at	the	role	of	motivational	factors	more	closely.	

Would	I	still	order	pizza	even	if	I	was	intending	to	be	healthy	and	planning	to	

cook	 myself	 a	 healthy	 dinner?	 To	 what	 degree	 can	 environmental	 cues	

trigger	maladaptive	behaviors?		

	

In	Chapters	4-8	we	examine	instrumental	outcome-response	priming.		In	the	

lab,	 the	types	of	 instrumental	 responses	that	we	use	are	arbitrary	 left	and	

right	key	presses	on	a	keyboard.	So	participants	 first	 learn	that	 in	order	to	

gain	a	particular	outcome	 (e.g.	a	chocolate	Smartie)	 they	need	 to	push	on	

the	left	key	and	in	order	to	win	a	different	outcome	(e.g.	a	piece	of	popcorn)	

they	 need	 to	 push	 on	 the	 right	 key.	 	 After	 this	 acquisition	 phase	 (or	

instrumental	 learning	 phase)	 participants	 have	 learned	 the	 relationships	

between	 responses	 (R)	 and	 outcomes	 (O).	 The	 subsequent	 test	 phase	

consists	 (in	 some	 form	or	 another)	 of	 a	 response-priming	 test.	During	 this	

type	 of	 test	 the	 outcomes	 are	 presented	 (either	 directly	 or	 indirectly	 via	

reminders)	 and	we	 examine	whether	 this	 primes	 the	 associated	 response	

learned	during	the	acquisition	phase.		

	

Chapter	 4	 (and	 the	 related	 appendix)	 outlines	 attempts	 at	 examining	 the	

parameters	 of	 R-O	 learning	 –	 to	 see	 whether	 individuals	 acquire	 R-O	

relationships	 spontaneously,	 even	 when	 the	 outcomes	 are	 purely	

perceptual	 and	 not	 associated	 with	 any	 reward.	 In	 this	 experiment	 the	
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outcomes	 that	 participants	 could	 ‘win’	 were	 different	 blue	 shapes	 (for	

example	after	a	 left	key	press	a	blue	circle	or	 triangle	appeared	on	screen	

and	 after	 a	 right	 key	 press	 a	 blue	 square	 or	 cross	 appeared).	 After	 the	

acquisition	phase	we	tested	whether	participants	had	learned	the	different	

R-O	 relationships	 by	 splitting	 them	 into	 two	 groups.	 All	 participants	 were	

told	that	they	would	see	blue	shapes	appear	and	that	 for	each	shape	they	

had	 to	 make	 a	 specific	 keyboard	 response.	 One	 group	 of	 participants	

(congruent	 mapping	 group)	 were	 given	 the	 same	 response	 mappings	 as	

during	 the	 acquisition	 phase	 (e.g.	 circle	 or	 triangle–	 left	 key	 press	 and	

square	 or	 cross-	 right	 key	 press).	 The	 other	 group	 (incongruent	 mapping	

group)	was	given	the	opposite	instructions	(e.g.	circle	or	triangle	–	right	key	

press	 and	 square	or	 cross-	 left	 key	 press).	We	expected	 that,	 as	 has	 been	

found	 in	 previous	 studies,	 the	 participants	 in	 the	 incongruent	 mapping	

group	would	be	slower	and	make	more	errors	because	the	outcomes	would	

prime	the	responses	 learned	during	the	acquisition	phase.	However,	when	

we	 compared	 performance	 between	 the	 two	 groups	 there	 was	 no	

significant	 difference.	 These	 results	 demonstrated	 that	 there	 are	 limits	 to	

the	spontaneous	acquisition	of	R-O	learning	particularly	when	the	outcomes	

are	not	very	meaningful	(and	are	not	associated	with	reward)	and	when	the	

experiment	 is	 more	 complicated	 (with	 two	 outcomes	 assigned	 to	 each	

response	key).		

	

In	 the	study	outlined	 in	Chapter	5	we	did	use	reward-related	cues	and	we	

examined	 the	effect	 of	 these	 cues	on	 instrumental	 food-seeking	behavior,	

under	 different	 motivational	 conditions.	 Participants	 first	 underwent	

instrumental	training	in	which	they	learned	that	a	right	key	press	would	lead	

to	the	delivery	of	a	chocolate	Smartie	and	a	left	key	press	would	lead	to	the	

delivery	of	a	piece	of	popcorn.	The	in	a	Pavlovian	training	phase	they	were	
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asked	 to	 passively	 view	 the	 screen	 and	 try	 to	 learn	 the	 relationships	

between	abstract	black	and	white	patterns	 (the	cues)	and	these	same	two	

food	 outcomes.	 Participants	 all	 then	 watched	 a	 10-minute	 TV	 show	 and,	

while	 they	 were	 watching,	 some	 participants	 were	 asked	 to	 eat	 either	

100gm	 of	 popcorn	 or	 Smarties.	We	 then	 told	 participants	 during	 the	 test	

phase	 that	 they	 could	win	 chocolate	 Smarties	 and	popcorn	by	pushing	on	

the	 relevant	keyboard	keys	as	often	as	 they	 liked.	We	also	 told	 them	 that	

they	would	receive	the	food	at	the	end	of	the	test	and	be	expected	to	eat	it.	

Finally,	 they	were	 told	 that	 occasionally	 pictures	 would	 appear	 on	 screen	

but	 that	 these	could	be	 ignored.	During	 this	 final	 test	phase	we	measured	

participants	choice	for	Smarties	vs.	popcorn	during	two	different	trial	types:	

non-cued	trials	in	which	there	were	no	cues	on	the	screen	and	cued	trials	in	

which	the	Pavlovian	cues	that	had	previously	been	associated	with	popcorn	

or	 chocolate	 Smarties	 were	 shown.	 Unsurprisingly,	 during	 the	 non-cued	

trials,	 participants	 pushed	 more	 often	 for	 the	 food	 that	 they	 had	 not	

consumed	 during	 the	 TV	 watching	 phase.	 So	 participants	 who	 had	 eaten	

100gm	of	popcorn	reported	more	desire	to	eat	Smarties	and	pushed	more	

frequently	on	 the	 key	 associated	with	 Smarties	 (this	 pattern	was	 reversed	

for	the	Smartie-eating	group).	However,	when	the	Pavlovian	cue	predictive	

of	 popcorn	was	 on	 the	 screen,	 all	 participants	 pushed	more	 often	 on	 the	

popcorn	 key	 –	 even	 those	who	 reported	 not	wanting	 to	 eat	 popcorn	 and	

who	had	pushed	more	 for	 chocolate	 Smarties	 in	 the	absence	of	 any	 cues.	

These	results	demonstrate	that,	regardless	of	current	desire	for	the	popcorn	

or	 Smarties,	 reminding	 people	 of	 these	 two	 food	 outcomes	 triggered	

responding	 for	 the	 foods.	 This	 is	 an	 example	 of	 indirect	 S-O-R	 priming,	

where	 the	 Pavlovian	 stimulus	 elicits	 an	 anticipation	 of	 the	 outcome	 and	

causes	 the	 participant	 to	 respond	 more	 for	 that	 outcome.	 As	 has	 been	

observed	 in	 animal	 studies,	 this	 indirect	 S-O-R	 priming	 effect	 does	 not	
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appear	 to	be	 sensitive	 to	 the	 current	 incentive	 value	of	 the	outcome.	 The	

participants	 used	 in	 this	 study	were	 all	 healthy	 students,	 but	we	 argue	 in	

Chapter	 5	 that	 this	 indirect	 response-priming	 mechanism	 could	 be	 a	

mechanism	by	which	our	‘obesogenic’	environment,	filled	with	reminders	of	

tasty	 (unhealthy)	 foods,	 can	 encourage	 us	 to	 unnecessarily	 seek	 food,	

thereby	contributing	to	the	obesity	epidemic.	

	

In	Chapter	6	and	7	we	continue	with	this	 line	of	research	–	 looking	at	how	

pictures	of	 food	 (or	 cues	previously	associated	with	 food)	can	directly	and	

indirectly	 trigger	 responses	 that	 previously	 led	 to	 them.	 In	 these	 chapters	

we	 compare	 the	 response-priming	 effects	 of	 high	 and	 low	 calorie	 food	

pictures	 in	 adolescents	 (Chapter	 6)	 and	 in	 a	 group	 of	 severely	 obese	

individuals	 relative	 to	 a	 healthy-weight	 control	 group.	 The	 experimental	

design	 was	 slightly	 different	 in	 these	 chapters	 and	 participants	 were	 not	

winning	 real	 food	 rewards	 during	 the	 test	 phase	 –	 instead	 during	 a	

response-priming	 test	 they	 saw	pictures	of	 the	 food	outcomes	and	 stimuli	

that	 had	 previously	 been	 associated	 with	 these	 food	 pictures	 and	 were	

asked,	for	every	picture,	to	spontaneously	press	either	the	left	or	right	key,	

whatever	 they	 thought	 was	 correct,	 in	 order	 to	 win	 points.	 We	 then	

compared	‘priming	rates’	–	the	degree	to	which	high-	and	low-calorie	food	

pictures	 triggered	 responding	 for	 the	 response	 that	 led	 to	 them	 in	 the	

acquisition	phase.	We	saw	that	the	adolescents	were	more	strongly	primed	

by	 the	high-calorie	 food	pictures	 (chips	 and	 chocolate)	 relative	 to	 the	 low	

calorie	food	pictures	(cucumbers	and	tomatoes).	We	argue	that	during	the	

training	 phases,	 the	 associative	 bonds	 between	 cues	 and	 outcomes	 and	

responses	 and	 outcomes	 are	 formed	 more	 strongly	 for	 the	 tasty,	 high-

calorie	snacks	and	that	this	then	leads	to	stronger	response-priming	effects	

during	the	test	phase.	A	similar	pattern	of	results	was	demonstrated	by	the	
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obese	 individuals,	 but	 not	 the	 healthy-weight	 controls	 (Chapter	 7).	 We	

found	 that	 the	 clinically	 obese	 group	 of	 individuals	 (who	 were	 about	 to	

undergo	a	gastric	band	operation	to	tackle	their	obesity)	were	more	biased	

by	the	high-calorie	food	pictures	(and	cues	associated	with	these)	relative	to	

the	low-calorie	food	pictures.	By	contrast,	the	healthy-weight	individuals	did	

not	show	such	a	difference	–	with	both	high-	and	low-calorie	food	pictures	

triggering,	to	the	same	degree,	the	responses	that	previously	led	to	them.	

	

In	 Chapter	 8	 we	 review	 the	 results	 of	 these	 aforementioned	 experiments	

along	 with	 the	 other	 literature	 in	 this	 field.	 We	 focus	 our	 discussion	 on	

outcome-response	priming	and	the	question	of	whether	this	 is	sensitive	to	

shifts	 in	motivation.	To	 return	 to	 the	pizza	example	–	a	number	of	 studies	

have	now	demonstrated	 that	merely	being	 reminded	of	delicious	pizzas	 is	

enough	 to	 trigger	 pizza-ordering	behavior.	 But	will	 I	 still	 order	 the	pizza	 if	

I’m	 not	 hungry?	 We	 conclude	 that	 certain	 groups	 of	 people	 are	 more	

sensitive	 to	 the	 biasing	 effect	 of	 reward	 related	 cues	 on	 their	 choice	

behavior	than	others.	In	addition,	a	number	of	studies	have	suggested	that	

this	 behavior	will	 be	 carried	 out	 regardless	 of	 the	 desire	 for	 the	 outcome	

(although	 other	 studies	 have	 collected	 data	 suggesting	 that	 the	 outcome-

response	 priming	 effect	 is	 reduced	 when	 outcomes	 are	 not	 currently	

desired,	 so	 more	 studies	 are	 required	 to	 work	 out	 exactly	 why	 these	

different	 results	 have	 been	 found).	 In	 conclusion,	 it	 seems	 that	 this	

outcome-response	 priming	 plays	 an	 important	 role	 in	 everyday	 behavior	

and	 could	 be	 responsible	 for	 ‘mindless’	 and	 unnecessary	 food	 and	 drug-

seeking	behaviors.	It	is	then	extremely	important	to	find	ways	to	disrupt	the	

response	 priming	 effect	 of	 reward	 related	 cues	 on	 behavior.	 We	 discuss	

attempts	to	do	this,	from	our	own	lab	as	well	as	various	others.	However,	so	

far,	 there	 have	 not	 been	 any	 successful	 strategies	 to	 reduce	 the	 effect	 of	
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reward-related	 cues	 on	 instrumental	 behavior.	 It	 seems	 instead,	 that	

‘prevention	 is	 the	 best	 medicine’	 and	 that	 not	 learning	 such	 strong	

associations	 between	 cues	 and	 rewarding	 outcomes	 or	 responses	 and	

outcomes	 is,	 at	 the	 moment,	 the	 best	 course	 of	 action.	 The	 studies	 that	

have	 been	 carried	 out	 during	 this	 PhD	 project	 add	weight	 to	 the	 growing	

scientific	 literature	 that	calls	on	governments	 to	 regulate	 the	environment	

we	live	in	and	reduce	our	exposure	to	advertisements	promoting	unhealthy	

food	(as	has	been	successfully	done	with	tobacco	products).	There	are	also	

many	exciting	 avenues	 for	 future	 research,	 examining	 some	of	 the	 clinical	

and	theoretical	questions	that	arise	from	this	work.	Of	key	importance	is	the	

focus	on	ways	to	reduce	the	powerful	effect	that	reward-related	cues	have	

on	our	choice	behavior	-	the	outcome	of	which	is	surely	relevant	for	us	all.		
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De	 beloning	 die	 we	 ervaren	 als	 gevolg	 van	 gedrag	 zoals	 het	 nuttigen	 van	

voedsel,	drinken	van	alcohol	of	het	gebruiken	van	drugs	werkt	als	een	sterke	

bekrachtiging,	die	het	waarschijnlijk	maakt	dat	het	gedrag	wordt	herhaald.	

Het	advies	“alles	met	mate”	wordt	gezien	als	een	goed	uitgangspunt,	maar	

we	weten	allemaal	hoe	moeilijk	het	kan	zijn	om	een	verleiding	te	weerstaan.	

De	omgeving	waarin	we	 leven	brengt	ons	voortdurend	 in	verleiding	–	met	

lekker	eten	en	alcoholische	dranken	die	24	uur	per	dag	beschikbaar	zijn,	en	

zelfs	thuis	doen	bedrijven	ons	door	middel	van	advertenties	op	televisie	of	

internet	denken	aan	de	behoeften	waarin	hun	producten	kunnen	voorzien.	

Zulke	 prikkels	 in	 de	 omgeving	 worden	 vaak	 aangedragen	 als	 één	 van	 de	

voornaamste	redenen	waarom	sommige	mensen	niet	kunnen	stoppen	met	

het	 consumeren	van	 te	 veel	 voedsel	 en	het	 gebruiken	van	drugs,	ondanks	

het	 feit	dat	ze	aangeven	dat	ze	niets	 liever	willen	dan	een	einde	te	maken	

aan	dit	gedrag.	Hoewel	in	de	maatschappij	vaak	wordt	gedacht	dat	mensen	

met	 obesitas	 of	 alcoholverslaving	 “niet	 genoeg	 hun	 best	 doen”	 om	 hun	

ongezonde	gedragspatronen	te	veranderen,	 is	de	visie	van	deskundigen	op	

dit	 gebied	 dat	 deze	 problemen	 rondom	 dwangmatig	 zoeken	 naar	

bevrediging	(of	dit	nu	door	overmatig	eten	is	of	door	gebruik	van	drugs)	te	

wijten	 zijn	 aan	 de	 interactie	 tussen	 een	 kwetsbaar	 brein	 en	 een	 toxische	

omgeving.	 Prikkels	 die	 mensen	 herinneren	 aan	 bevredigende	 uitkomsten	

kunnen	dwangmatig	 beloningzoekend	 gedrag	 veroorzaken,	 dat	 onmogelijk	

te	 onderdrukken	 lijkt.	 Gedurende	mijn	 PhD-project	 heb	 ik	 mij	 verdiept	 in		

beloning-gerelateerde	 prikkels	 en	 de	 verschillende	 gedragstypes	 die	 door	

deze	 prikkels	 worden	 uitgelokt.	 We	 hebben	 abstracte	 experimentele	

onderzoeksmethodes	gebruikt	om	deze	effecten	 in	het	 laboratorium	 (vaak	



Nederlandse	Samenvatting	

321	

bij	gezonde	proefpersonen)	te	demonstreren,	met	als	doel	meer	te	weten	te	

komen	 over	 de	 onderliggende	 mechanismen	 en	 te	 bestuderen	 hoe	

verschillende	typen	mensen	door	deze	prikkels	worden	beïnvloed.		

	

	

De	toenadering	van	belonende	prikkels	

Eén	type	gedrag	dat	kan	worden	uitgelokt	door	prikkels	uit	de	omgeving	is	

het	 toenaderingsgedrag.	 Dit	 is	 een	 gedragsimpuls	 om	 dichterbij	 een	

beloning	 te	 komen	 zoals	 een	 stuk	 chocolade	 of	 een	 sigaret	 (en	 deze	

uiteindelijk	 ook	 te	 consumeren).	 In	 het	 lab	 gebruiken	 we	 de	 approach	

avoidance	 taak	 (toenadering/vermijdingstaak)	 om	 deze	 neiging	 om	

belonende	 afbeeldingen	 (van	 bijvoorbeeld	 een	 glas	 bier)	 sneller	 toe	 te	

naderen	 dan	 ze	 te	 vermijden,	 te	meten.	 Deze	 toenaderingsbias-neiging	 is	

een	 interessant	 verschijnsel	 en	 is	 uitvoerig	 onderzocht	 bij	 rokers,	

alcoholgebruikers	(zowel	zwaar	drinkende	studenten	als	alcoholisten	in	een	

kliniek)	 en	 in	 verband	met	 beloning	 in	 de	 vorm	 van	 voedsel.	 Zoals	 we	 in	

hoofdstuk	 2	 uitleggen,	 bieden	 verschillende	 verslavingstheorieën	

verschillende	 verklaringen	 voor	 dit	 gedrag	 en	 er	 is	weinig	 bekend	over	 de	

redenen	 die	 verklaren	 dat	mensen	 deze	 beloningen	 zo	 snel	 benaderen.	 Is	

het	 eenvoudigweg	 omdat	 zij	 een	 sterker	 verlangen	 hebben	 naar	 het	 glas	

bier	op	de	afbeelding	dan	een	andere	persoon?	Of	 is	 het	 alleen	omdat	 zij	

een	sterkere	gewoonte	hebben	om	bierglazen	te	benaderen	–	waarbij	een	

herhaling	 in	 gedrag	 aan	 de	 wortel	 van	 deze	 maladaptieve	

benaderingstendens	 ligt?	 Vanuit	 een	 theoretisch	 (en	 klinisch)	 standpunt	

hebben	deze	twee	verklaringen	in	feite	twee	sterk	van	elkaar	verschillende	

implicaties.	Als	de	toenaderingsbias	bijvoorbeeld	wordt	gedreven	door	een	

expliciet	 verlangen	 naar	 de	 afgebeelde	 beloning,	 zou	 een	 effectieve	

klinische	 benadering	 voor	 de	 behandeling	 van	 problematische	
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alcoholconsumptie	 zich	 moeten	 richten	 op	 het	 expliciet	 devalueren	 van	

deze	beloning	en	het	 individu	ervan	bewust	maken	dat	deze	beloning	niet	

zo	waardevol	is	als	andere	zaken	in	zijn	of	haar	leven.	Als	het	echter	gaat	om	

een	 sterke	 gedragsmatige	 gewoonte	 die	 relatief	 automatisch	 is,	 zou	 een	

dergelijke	 klinische	 benadering	 weinig	 effect	 kunnen	 hebben	 op	 het	

verminderen	 van	 dit	 gedrag.	 Zoals	 we	 in	 hoofdstuk	 2	 schetsen,	 is	 het	

tamelijk	eenvoudig	om	een	onderscheid	te	maken	tussen	deze	twee	typen	

gedrag.	 Als	 de	 toenaderingsbias	 wordt	 gedreven	 door	 een	 expliciet	

verlangen	naar	de	beloning	op	de	afbeelding,	dan	zou	deze	gevoelig	moeten	

zijn	voor	veranderingen	 in	het	verlangen	naar	dat	resultaat.	Als	het	gedrag	

echter	 een	 gewoonte	 betreft,	 dan	 zal	 het	 automatisch	 worden	 opgewekt	

door	 de	 afbeeldingen	 van	 alcoholische	 dranken,	 onafhankelijk	 van	 het	

verlangen	 dat	 de	 persoon	 er	 op	 dat	 moment	 wel	 of	 niet	 naar	 heeft.	 We	

gebruikten	 dit	 type	motivationele	manipulatie	 om	 de	 benaderingsbias	 ten	

opzichte	 van	 sigaretten	 te	 bestuderen	 bij	 een	 groep	 rokers	 (hoofdstuk	 3).	

Rokers	voerden	de	approach	avoidance	taak	twee	keer	uit	–	voor	en	na	een	

pauze.	Iedere	keer	dat	zij	de	taak	uitvoerden	zagen	deelnemers	twee	typen	

afbeeldingen	willekeurig	op	het	scherm	verschijnen	–	afbeeldingen	die	aan	

roken	 gerelateerd	 zijn	 en	waarop	 rokende	mensen	 of	 pakjes	 sigaretten	 te	

zien	 waren	 en	 neutrale	 afbeeldingen	 met	 afbeeldingen	 van	 mensen	 die	

pennen	 of	 pakjes	 kauwgom	 vasthielden.	 	 Ieder	 plaatje	 verscheen	 enkele	

seconden	 op	 het	 scherm	 en	 werd	 naar	 links	 of	 naar	 rechts	 gekanteld.	

Deelnemers	kregen	de	 instructie	om	een	 joystick	van	zich	af	 te	duwen	(en	

het	plaatje	kleiner	te	maken,	waarmee	vermijding	werd	gesimuleerd)	als	het	

naar	links	werd	gekanteld	en	de	joystick	te	naar	zich	toe	te	trekken	(en	het	

plaatje	 groter	 te	maken,	waarmee	 toenadering	werd	 gesimuleerd)	 als	 het	

naar	 rechts	 werd	 gekanteld.	 We	 hebben	 de	 reactietijden	 om	 dit	 type	

bewegingen	 te	 maken	 gemeten	 en	 de	 snelheid	 waarmee	 deelnemers	
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enerzijds	 roken-gerelateerde	 en	 anderzijds	 neutrale	 afbeeldingen	

benaderden	 en	 vermeden	 vergeleken.	 Om	 te	 onderzoeken	 of	 de	

toenaderingsbias	gevoelig	zou	zijn	voor	veranderingen	in	het	verlangen	naar	

roken,	verdeelden	we	de	deelnemers	in	twee	groepen	–	de	ene	groep	kreeg	

de	 gelegenheid	 om	 gedurende	 de	 pauze	 een	 sigaret	 te	 roken	

(experimentele	groep)	terwijl	de	anderen	dat	niet	mochten	(controlegroep).	

We	formuleerden	de	hypothese	dat	als	de	toenaderingsbias	gevoelig	is	voor	

veranderingen	 in	 het	 verlangen	 naar	 een	 sigaret,	 na	 de	 pauze	 zowel	 de	

hunkering	 naar	 een	 sigaret	 als	 de	 snelheid	waarmee	deelnemers	 de	 rook-

afbeeldingen	 benaderden	 zouden	 zijn	 afgenomen	 in	 de	 experimentele	

groep	 (in	 vergelijking	 met	 de	 controlegroep).	 Als	 daarentegen	 de	

toenaderingsbias	 een	 door	 gewoonte	 ingegeven	 gedrag	 is,	 direct	 ontlokt	

door	 roken-gerelateerde	 afbeeldingen,	 was	 onze	 verwachting	 dat	 na	 de	

pauze	de	hunkering	zou	zijn	afgenomen	in	de	onderzoeksgroep,	maar	dat	de	

toenaderingsbias	 dezelfde	 zou	 zijn	 voor	 de	 twee	 groepen.	 Zoals	 vaak	

gebeurt	bij	wetenschappelijke	experimenten	weerspiegelde	geen	van	beide	

scenario's	hetgeen	we	 in	onze	data	konden	zien.	Verrassend	genoeg	bleek	

na	het	roken	van	een	sigaret	de	onderzoeksgroep	minder	hunkering	te	laten	

zien,	 maar	 zelfs	 nog	 sneller	 te	 zijn	 in	 de	 benadering	 van	 de	 rook-

afbeeldingen.	 We	 kunnen	 daarom	 niet	 stellen	 dat	 de	 toenaderingsbias	

wordt	gedreven	door	een	expliciet	verlangen	naar	het	afgebeelde	resultaat	

of	 dat	 het	 een	 gedrag	 is	 dat	 wordt	 ingegeven	 door	 gewoonte	 en	 dat	

automatisch	door	de	afbeeldingen	wordt	opgewekt.	Het	blijkt	daarentegen	

dat	 blootstelling	 aan	 sigaretten	 de	 snelheid	 waarmee	 rokers	 de	

afbeeldingen	 van	 sigaretten	 benaderden	 versnelde,	 zelfs	 op	 het	 moment	

dat	 de	 hunkering	 was	 verminderd.	 We	 concluderen	 dat	 er	 hier	 andere	

motivatiemechanismen	 werkzaam	 zijn	 en	 dat	 de	 toenaderingsbias	 een	

ingewikkelde	mix	van	beloning-respons	priming	(waarbij	door	het	feit	dat	er	
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blootstelling	aan	een	resultaat	plaatsvindt,	de	kans	dat	er	op	dat	 resultaat	

gereageerd	 wordt	 toeneemt)	 en	 pavloviaans	 toenaderingsgedrag	 (waarbij	

prikkels	 die	 in	 verband	 worden	 gebracht	 met	 een	 beloning,	 relatief	

automatisch	 toenaderingsgedrag	 uitlokken).	 Zoals	 in	 hoofdstuk	 2	 verder	

wordt	uitgewerkt,	 is	het	bijzonder	 ingewikkeld	om	de	approach	avoidance	

taak	 te	 gebruiken	 om	 deze	 verschillende	 mechanismen	 van	 elkaar	 te	

onderscheiden.	 In	 de	 volgende	 hoofdstukken	 van	 deze	 dissertatie	 richten	

we	 onze	 aandacht	 op	 verschillende	 experimentele	 taken	 en	 verschillende	

gedragstypen.	

	

Uitvoeren	 van	 instrumentele	 handeling	 in	 aanwezigheid	 van	 belonende	

prikkels	

Prikkels	uit	de	omgeving	kunnen	toenaderingsbewegingen	opwekken,	maar	

ook	 meer	 complexe	 instrumentele	 responsen.	 Dit	 zijn	 responsen	 die	 zijn	

gericht	op	het	bereiken	van	bepaalde	uitkomsten,	maar	in	tegenstelling	tot	

toenaderingsbewegingen,	 die	 ruimtelijk	 gericht	 zijn	 naar	 deze	 uitkomsten	

(bijvoorbeeld	het	reiken	naar	voedsel),	kan	instrumenteel	gedrag	abstracter	

van	aard	zijn.	 In	het	dagelijks	 leven	vereist	het	bestellen	van	een	pizza	een	

complexe	 opeenvolging	 van	 handelingen,	 waaronder	 het	 inloggen	 op	 een	

website,	 invullen	 van	 specifieke	 gegevens	 en	 betalen	met	 een	 creditcard.	

Maar	wat	wekte	het	oorspronkelijke	idee	van	het	bestellen	van	de	pizza	op?	

Was	het	omdat	ik	op	weg	naar	huis	langs	de	pizzeria	wandelde	en	mijn	blik	

viel	 op	 een	 lekkere	 pizza?	 Of	 was	 het	 omdat	 ik	 stilhield	 en	 een	 praatje	

maakte	met	mijn	Italiaanse	buurman	dat	ik	aan	pizza	moest	denken?	In	het	

eerste	geval	is	er	sprake	van	directe	beloning-respons	priming	–	waarbij	de	

beloning	 pizza	 (B)	 de	 gerelateerde	 gedragsrespons	 opwekt	 (R	 –	 bestellen	

van	de	pizza).	 In	het	tweede	geval	hebben	we	het	over	een	voorbeeld	van	

een	indirecte	stimulus	–	beloning	–	respons	(S-B-R)	priming	-	mijn	buurman	
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(S)	 herinnert	mij	 aan	de	beloning	pizza	 (B)	 die	 vervolgens	de	 gerelateerde	

gedragsrespons	 (R	 –	 bestellen	 van	 de	 pizza)	 opwekt.	 Hoewel	 het	

overduidelijk	 lijkt	 dat	 gedrag	 op	 deze	 manier	 kan	 worden	 opgewekt,	 via	

directe	en	 indirecte	herinneringen	aan	beloningen,	wilden	wij	 in	het	kader	

van	 mijn	 PhD-project	 intensiever	 kijken	 naar	 de	 rol	 van	 motivationele	

factoren.	Zou	ik	nog	steeds	een	pizza	bestellen	als	ik	me	had	voorgenomen	

om	 een	 gezonde	 keuze	 te	 maken	 en	 zelf	 een	 gezond	 avondmaal	 te	

bereiden?	In	hoeverre	kunnen	prikkels	uit	de	omgeving	maladaptief	gedrag	

opwekken?		

	

In	 de	 hoofdstukken	 4-8	 bestuderen	 we	 instrumentele	 beloning-respons	

priming.	 In	het	 lab	gebruiken	wij	het	willekeurig	 indrukken	van	de	 toetsen	

links	 en	 rechts	 op	 een	 toetsenbord	 als	 verschillende	 instrumentele	

responsen.	Deelnemers	krijgen	dus	eerst	te	horen	dat	zij	om	een	bepaalde	

beloning	te	winnen	(bijvoorbeeld	een	chocolade	Smartie),	op	de	toets	links	

moeten	 drukken,	 terwijl	 ze	 op	 de	 toets	 rechts	 moeten	 drukken	 voor	 een	

andere	 beloning	 (bijvoorbeeld	 wat	 popcorn).	 Na	 deze	 acquisitiefase	 (of	

instrumentele	 leerfase)	 hebben	de	deelnemers	 geleerd	wat	het	 verband	 is	

tussen	de	responsen	(R)	en	de	beloningen	(B).	De	daaropvolgende	testfase	

bestaat	 uit	 (een	 bepaalde	 vorm	 van)	 een	 respons-primingtest.	Gedurende	

dit	type	test	worden	de	beloningen	weergegeven	(direct	of	indirect	via	een	

herinnering)	 en	 we	 bestuderen	 of	 dit	 de	 geassocieerde	 respons	 die	 is	

aangeleerd	tijdens	de	acquisitiefase	primen.	

	

Hoofdstuk	4	(en	de	daarbij	behorende	bijlagen)	behandelt	de	inspanningen	

om	 de	 parameters	 van	 het	 R-B-leerproces	 te	 bestuderen	 –	 om	 te	 zien	 of	

personen	 de	 R-B-relatie	 spontaan	 ontwikkelen,	 zelfs	 als	 de	 beloningen	

volledig	 perceptueel	 zijn	 en	 niet	 gekoppeld	 aan	 enige	 beloning.	 In	 dit	
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experiment	 waren	 de	 beloningen	 die	 de	 deelnemers	 konden	 “winnen”	

verschillende	 blauwe	 vormen	 (na	 het	 indrukken	 van	 de	 linker	 toets	

verscheen	bijvoorbeeld	een	blauwe	cirkel	of	driehoek	op	het	scherm	en	na	

het	 indrukken	 van	 de	 rechter	 toets	 een	 blauw	 vierkant	 of	 kruis).	 Na	 de	

acquisitiefase	 testten	 we	 of	 de	 deelnemers	 de	 verschillende	 R-B-relaties	

hadden	 geleerd	 door	 ze	 in	 twee	 groepen	 op	 te	 splitsen.	 Alle	 deelnemers	

werd	verteld	dat	ze	blauwe	vormen	zouden	zien	verschijnen	en	dat	ze	voor	

iedere	vorm	een	bepaalde	respons	op	het	toetsenbord	moesten	uitvoeren.	

Eén	 groep	 deelnemers	 (de	 congruente	 mapping	 groep)	 kregen	 dezelfde	

respons	mappings	 als	 gedurende	de	acquisitiefase	 (bijvoorbeeld	een	 cirkel	

of	driehoek	bij	het	indrukken	van	de	linker	toets	en	een	vierkant	of	kruis	bij	

het	 indrukken	 van	 de	 rechter	 toets).	 De	 andere	 groep	 (incongruente	

mapping	groep)	kreeg	de	omgekeerde	instructies	(bijvoorbeeld	een	cirkel	en	

driehoek	bij	het	indrukken	van	de	rechter	toets	en	een	vierkant	of	kruis	bij	

het	indrukken	van	de	linker	toets).	We	verwachtten	dat,	zoals	was	gevonden	

in	eerdere	onderzoeken,	de	deelnemers	in	de	incongruente	mapping	groep	

langzamer	 zouden	 reageren	 en	 meer	 fouten	 zouden	 maken	 omdat	 de	

beloningen	de	responsen	die	aangeleerd	waren	gedurende	de	acquisitiefase	

primen.	 Toen	we	de	 uitkomsten	 voor	 de	 twee	 groepen	 gingen	 vergelijken	

bleek	er	echter	geen	significant	verschil	 te	zijn.	Deze	 resultaten	 lieten	zien	

dat	 er	 grenzen	 zitten	 aan	 de	 spontane	 acquisitie	 van	 R-B-verbanden,	met	

name	 als	 de	 beloningen	 niet	 bijzonder	 betekenisvol	 zijn	 (en	 niet	 worden	

geassocieerd	 met	 een	 concrete	 uitbetaling)	 en	 als	 het	 experiment	

ingewikkelder	is	(met	twee	resultaten	toegekend	aan	iedere	respons-toets).	

		

In	 het	 onderzoek	 dat	 in	 hoofstuk	 5	 wordt	 beschreven	 gebruikten	 we	

beloning-gerelateerde	 prikkels	 en	 bestudeerden	 we	 de	 effecten	 van	 deze	

prikkels	 op	 instrumenteel	 voedsel-zoekend	 gedrag,	 onder	 verschillende	
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motivationele	 omstandigheden.	 Deelnemers	 ondergingen	 eerst	 een	

instrumentele	 training	waarin	ze	 leerden	dat	het	 indrukken	van	de	rechter	

toets	 zou	 leiden	 tot	 het	 verkrijgen	 van	 een	 chocolade	 Smartie	 en	 het	

indrukken	 van	 de	 linker	 toets	 tot	 het	 verkrijgen	 van	 wat	 popcorn.	 In	 de	

Pavloviaanse	trainingsfase	werd	hen	gevraagd	om	passief	naar	het	scherm	

te	 kijken	 en	 te	 leren	wat	 de	 relatie	was	 tussen	 abstracte	 zwarte	 en	witte	

patronen	(de	prikkels)	en	dezelfde	twee	beloningen	in	de	vorm	van	voedsel.	

Alle	 deelnemers	 kregen	 vervolgens	 een	 10	 minuten	 durend	

televisieprogramma	 te	 zien	 en	 terwijl	 ze	 aan	 het	 kijken	 waren,	 werd	 aan	

sommige	 deelnemers	 gevraagd	 of	 ze	 of	 100	 gram	 popcorn	 of	 Smarties	

wilden	eten.	Daarna	vertelden	we	de	deelnemers	gedurende	de	testfase	dat	

ze	 chocolade	 Smarties	 en	 popcorn	 konden	 winnen	 door	 zo	 vaak	 als	 ze	

wilden	op	de	 juiste	 toetsen	op	het	 toetsenbord	 te	drukken.	We	vertelden	

hen	ook	dat	ze	het	voedsel	aan	het	einde	van	de	test	zouden	krijgen	en	van	

hen	verwacht	werd	dat	ze	het	zouden	opeten.	Tot	slot	kregen	ze	te	horen	

dat	af	en	toe	afbeeldingen	op	het	scherm	zouden	verschijnen,	maar	dat	ze	

deze	konden	negeren.	Gedurende	deze	laatste	testfase	hebben	we	gemeten	

hoe	vaak	de	deelnemers	kozen	voor	Smarties	ten	opzichte	van	de	popcorn	

in	 het	 kader	 van	 twee	 verschillen	 type	 testen:	 de	 test	 zonder	 prikkels	

waarbij	 op	 het	 scherm	 geen	 prikkels	 verschenen	 en	 de	 test	 met	 prikkels	

waarbij	 de	 pavloviaanse	 prikkels	 die	 daarvoor	 waren	 geassocieerd	 met	

popcorn	 of	 chocolade	 Smarties	werden	 getoond.	Het	was	 geen	 verrassing	

dat	 gedurende	 de	 test	 zonder	 prikkels,	 de	 deelnemers	 vaker	 op	 de	 toets	

drukten	voor	het	voedsel	dat	ze	niet	hadden	gegeten	tijdens	de	fase	waarin	

ze	het	televisieprogramma	bekeken.	Dus	deelnemers	die	100	gram	popcorn	

hadden	gegeten	lieten	meer	verlangen	zien	om	Smarties	te	eten	en	drukten	

vaker	 op	 de	 toets	 die	met	 Smarties	 in	 verband	 gebracht	was	 (dit	 patroon	

was	omgekeerd	bij	de	groep	die	Smarties	had	gegeten).	Wanneer	echter	de	
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pavloviaanse	 prikkel	 die	 voorspellend	 was	 voor	 popcorn	 op	 het	 scherm	

verscheen,	 drukten	 alle	 deelnemers	 vaker	 op	 de	 popcorn-toets	 –	 zelfs	

diegenen	die	hadden	aangegeven	dat	 ze	geen	popcorn	wilden	eten	en	die	

vaker	 gedrukt	 hadden	 voor	 chocolade	 Smarties	 toen	 er	 geen	 prikkels	

aanwezig	 waren.	 Deze	 resultaten	 laten	 zien	 dat,	 onafhankelijk	 van	 het	

verlangen	naar	popcorn	of	Smarties	op	dat	moment,	een	respons	voor	deze	

soorten	 voedsel	 kan	 worden	 opgewekt	 door	 mensen	 aan	 deze	

voedselbeloningen	te	doen	denken.	Dit	is	een	voorbeeld	van	indirecte	S-B-R	

priming,	 waarbij	 de	 pavloviaanse	 stimulus	 een	 anticipatie	 op	 de	 beloning	

opwekt	 en	 ervoor	 zorgt	 dat	 de	 deelnemers	 meer	 respons	 voor	 deze	

beloning	laten	zien.	Zoals	is	geobserveerd	in	onderzoeken	met	dieren,	blijkt	

dit	indirecte	S-B-R	priming	effect	niet	gevoelig	te	zijn	voor	de	waarde	van	de	

beloning	 op	 dat	 moment.	 De	 deelnemers	 die	 zijn	 gebruikt	 voor	 dit	

onderzoek	waren	allen	gezonde	studenten,	maar	we	stellen	in	hoofdstuk	5	

dat	dit	indirecte	respons-priming	mechanisme	een	mechanisme	zou	kunnen	

zijn	waardoor	onze	‘obesogene’	omgeving,	vergeven	van	verwijzingen	naar	

lekker	(ongezond)	voedsel,	ons	kan	aansporen	tot	het	zoeken	naar	voedsel,	

zonder	 dat	 daar	 de	 noodzaak	 toe	 is,	 waarmee	 wordt	 bijgedragen	 aan	 de	

obesitasepidemie.	

		

In	hoofdstuk	6	en	7	vervolgen	we	deze	onderzoekslijn	–	kijkende	naar	hoe	

afbeeldingen	 van	 voedsel	 (of	 prikkels	 die	 eerder	 zijn	 geassocieerd	 met	

voedsel)	 direct	 en	 indirect	 reponsen	 kunnen	 opwekken	 die	 eerder	 hier	

hebben	 geleid.	 In	 deze	 hoofdstukken	 vergelijken	 we	 de	 effecten	 van	

respons-priming	 van	 afbeeldingen	 van	 voedsel	 met	 veel	 en	 weinig	

categorieën	op	adolescenten	(hoofdstuk	6)	en	op	een	groep	mensen	die	aan	

een	ernstige	vorm	van	obesitas	leiden	in	vergelijking	tot	een	controlegroep	

met	 een	 gezond	 lichaamsgewicht.	 De	 onderzoeksopzet	 was	 in	 deze	
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hoofdstukken	 licht	 afwijkend	 en	 de	 deelnemers	 wonnen	 geen	 echte	

beloning	 in	 de	 vorm	 van	 voedsel	 gedurende	 de	 testfase	 –	 zij	 zagen	

daarentegen	 gedurende	 een	 respons-priming	 test	 afbeeldingen	 van	

beloningen	 in	 de	 vorm	 van	 voedsel	 en	 stimuli	 die	 eerder	 waren	

geassocieerd	 met	 afbeeldingen	 van	 voedsel.	 Ze	 werden	 verzocht	 	 om	 bij	

elke	 afbeelding	 spontaan	 of	 de	 linker	 of	 de	 rechter	 knop	 in	 te	 drukken,	

waarvan	ze	dachten	dat	het	juist	was,	om	punten	te	winnen.	We	vergeleken	

vervolgens	de	priming	 rates	–	de	mate	waarin	afbeeldingen	van	calorierijk	

en	 –arm	 voedsel	 een	 keuze	 voor	 een	 respons	 teweeg	 brachten	 die	 in	 de	

acquisitiefase	 met	 deze	 in	 verband	 waren	 gebracht.	 We	 zagen	 dat	

adolescenten	sterker	geprimed	werden	door	de	afbeeldingen	van	calorierijk	

voedsel	 (patat	 en	 chocolade)	 in	 vergelijking	 tot	 de	 afbeeldingen	 met	

caloriearm	voedsel	(komkommer	en	tomaat).	We	stellen	dat	gedurende	de	

trainingsfase,	 de	 associatieve	 verbanden	 tussen	 prikkels	 en	 beloningen	 en	

responsen	 en	 beloningen	 sterker	 worden	 gevormd	 voor	 de	 lekkere,	

calorierijke	snacks	en	dat	dit	vervolgens	leidt	tot	sterkere	response-priming	

effecten	 gedurende	 de	 testfase.	 Een	 vergelijkbaar	 patroon	 van	 resultaten	

werd	 aangetoond	 voor	 de	 personen	 met	 obesitas,	 maar	 niet	 bij	 de	

controlegroep	 met	 een	 gezond	 gewicht	 (hoofdstuk	 7).	 We	 constateerden	

dat	 de	 klinisch	 obese	 groep	mensen	 (die	 binnenkort	 een	 operatie	 zouden	

ondergaan	 om	 een	 maagband	 te	 laten	 plaatsen	 om	 hun	 obesitas	 te	

bestrijden)	een	sterkere	bias	lieten	zien	voor	de	afbeeldingen	met	calorierijk	

voedsel	 (en	 de	 prikkels	 die	 daarmee	 geassocieerd	 werden)	 in	 vergelijking	

met	de	afbeeldingen	waarop	caloriearm	voedsel	te	zien	was.	De	individuen	

met	 een	 gezond	 gewicht	 lieten	 hierin	 daarentegen	 geen	 verschil	 zien	 –	

waarbij	 de	 afbeeldingen	met	 calorierijk	 en	 caloriearm	 voedsel	 in	 dezelfde	

mate	responsen	opwekten	die	eerder	tot	hen	hadden	geleid.	
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In	 hoofdstuk	 8	 beschouwen	 we	 de	 resultaten	 van	 de	 hiervoor	 genoemde	

onderzoeken,	 naast	 andere	 literatuur	 op	 dit	 gebied.	 We	 richten	 onze	

discussie	 op	 beloning-respons	 priming	 en	 de	 vraag	 of	 dit	 verschijnsel	

gevoelig	 is	 voor	 veranderingen	 in	 motivatie.	 Om	 terug	 te	 komen	 op	 het	

voorbeeld	 met	 de	 pizza	 –	 een	 aantal	 onderzoeken	 hebben	 inmiddels	

aangetoond	dat	het	simpele	feit	dat	er	wordt	herinnerd	aan	lekkere	pizza’s	

genoeg	 is	om	het	gedrag	“pizza	bestellen”	 te	veroorzaken.	Maar	 zou	 ik	de	

pizza	 nog	 steeds	 bestellen	 als	 ik	 geen	 honger	 had?	 We	 concluderen	 dat	

bepaalde	groepen	mensen	gevoeliger	 zijn	dan	anderen	voor	het	biaseffect	

van	 prikkels	 die	 aan	 een	beloning	 zijn	 gerelateerd	 op	 hun	 keuze	 voor	 een	

bepaald	 gedrag.	 Daarbij	wijzen	 een	 aantal	 onderzoeken	 uit	 dat	 dit	 gedrag	

zal	plaatsvinden	onafhankelijk	van	het	verlangen	naar	de	beloning	(hoewel	

andere	 onderzoeken	 gegevens	 hebben	 verzameld	 die	 erop	wijzen	 dat	 het	

beloning-respons	 priming	 effect	 kleiner	wordt	 als	 er	 op	dat	moment	 geen	

verlangen	 is	 naar	 die	 beloning.	 Er	 is	 dus	 meer	 onderzoek	 nodig	 om	 te	

verklaren	waarom	deze	tegengestelde	resultaten	zijn	gevonden).	Ten	slotte	

lijkt	het	erop	dat	deze	beloning-respons	priming	een	belangrijke	rol	speelt	in	

gedrag	 in	 het	 dagelijks	 leven	 en	 verantwoordelijk	 zou	 kunnen	 zijn	 voor	

“achteloos”	en	onnodig	op	voedsel	en	drugs	gericht	gedrag.		Het	is	van	zeer	

groot	 belang	 om	manieren	 te	 vinden	waarmee	 dit	 respons	 priming	 effect	

door	 beloningsgerichte	 prikkels	 op	 gedrag	 kan	 worden	 doorbroken.	 We	

bespreken	 pogingen	 om	 dit	 te	 doen,	 van	 ons	 lab	 maar	 ook	 van	 dat	 van	

verschillende	 andere.	 Tot	 nu	 toe	 zijn	 er	 nog	 geen	 succesvolle	 strategieën	

ontwikkeld	 om	 het	 effect	 van	 beloning-gerelateerde	 prikkels	 op	

instrumenteel	 gedrag	 te	 reduceren.	 Het	 lijkt	 er	 daarentegen	 op	 dat	

“preventie	 de	 beste	 remedie	 is”	 en	 dat	 het	 niet	 aanleren	 van	 dergelijke	

krachtige	associaties	 tussen	prikkels	en	beloning	of	 responsen	en	beloning	

op	 dit	moment	 de	 beste	 handelswijze	 is.	Onderzoeken	 die	 uitgevoerd	 zijn	
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gedurende	 dit	 PhD-project	 versterken	 de	 toenemende	 hoeveelheid	

wetenschappelijke	 literatuur	 die	 overheden	 oproept	 om	 de	 omgeving	

waarin	 we	 leven	 te	 reguleren	 en	 onze	 blootstelling	 aan	 advertenties	 die	

ongezond	 voedsel	 promoten	 te	 verminderen	 (zoals	 eerder	 succesvol	

gebeurde	 met	 tabaksproducten).	 Er	 zijn	 eveneens	 	 vele	 interessante	

richtingen	 voor	 toekomstig	 onderzoek,	 waarbij	 verschillende	 klinische	 en	

theoretische	 vragen	 die	 voortkomen	 uit	 dit	 onderzoek	 kunnen	 worden	

uitgewerkt.	 Het	 is	 essentieel	 dat	we	 ons	 richten	 op	manieren	waarop	 het	

krachtige	 effect	 dat	 beloning-gerelateerde	 prikkels	 hebben	 op	 onze	 keuze	

voor	bepaald	gedrag	–	waarvan	de	resultaten	zonder	twijfel	voor	ons	allen	

relevant	zijn	
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