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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.	
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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.	

	

	

	

	

	

	

	


