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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	
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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.	

	

	


