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Earlier	 studies	 suggest	 that	 emotion	 affects	 long	 duration	 estimates	 of	 3-7	 seconds	 and	more,	 but	 how	
emotions	affect	shorter	events	is	not	well	known.	The	aim	of	the	thesis	was	to	investigate	how	emotion,	in	
terms	of	emotional	Valence	and	Arousal,	affects	subjective	time	estimates	of	short	(sub-second)	and	long	
(half-a-minute)	 durations.	 Participants	 (N=	 26)	 were	 exposed	 to	 neutral	 and	 emotive	 video	 clips	
resembling	 the	 International	 Affective	 Picture	 System	 (IAPS;	 Bradley,	 1995)	 while	 making	 time	
discrimination	judgments	(short	duration	estimates:	PSE).	Afterwards	they	made	long	duration	estimates	
(Long	 Time	 Estimates:	 LTE)	 and	 ratings	 of	 Valence	 and	 Arousal	 of	 every	 video	 clip.	 Significant	 results	
were	 that	Arousal	 affected	 LTE	 estimates,	with	 longer	 LTE	 estimates,	 the	 higher	 the	Arousal	 level.	 The	
results	 indicate	 that	Arousal,	 but	not	Valence,	 affects	 subjective	 time	perception	both	of	 short	 and	 long	
durations.	
	
	Tidigare	 studier	 antyder	 att	 emotioner	 påverkar	 uppskattningen	 av	 långa	 durationer	 på	 3-7	 sekunder,	
men	 hur	 emotioner	 påverkar	 kortare	 durationer	 är	mindre	 känt.	 Studiens	 syfte	 var	 att	 undersöka	 hur	
emotioner,	 i	 form	 av	 emotionell	 Valens	 och	 Arousal,	 påverkar	 subjektiva	 tidsestimat	 av	 korta	 (sub-
sekund)	och	långa	(halv-minuts)	durationer.	Deltagare	(N=	26),	exponerades	för	stimuli	i	form	av	neutrala	
och	emotionellt	 laddade	videosekvenser	utvalda	att	efterlikna	the	International	Affective	Picture	System	
(IAPS;	 Bradley,	 1995)	 och	 utförde	 samtidigt	 intervalldiskriminationer	 (korttidsestimat:	 PSE).	 Efteråt	
utförde	 de	 långa	 durationsestimat	 (långtidsestimat:	 LTE)	 och	 skattningar	 av	 Valens	 och	 Arousal	 för	
samtliga	 videoklipp.	 Signifikanta	 resultat	 var	 att	 Arousal	 gav	 längre	 durationsskattningar	 för	 LTE	
estimaten,	 med	 längre	 LTE	 estimat,	 ju	 högre	 Arousal-nivå.	 Resultaten	 indikerar	 att	 Arousal,	 men	 inte	
Valens,	påverkar	subjektiv	tidsuppfattning	för	både	korta	och	långa	durationer.		
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Intuitively,	it	would	seem	that	the	emotional	state	might	influence	how	time	is	perceived	
to	flow.	Time	seems	to	fly	when	engaged	in	a	pleasant	activity	but	feels	like	a	long	haul	
when	 being	 bored	 (Droit-Volet	 &	 Meck,	 2007).	 A	 great	 deal	 of	 research	 has	 been	
conducted	 on	 emotion	 and	 time	 estimation	 separately.	 Yet,	 research	 concerning	 how	
emotions	 affect	 time	 perception	was	 for	 a	 long	 time	 sparsely	 conducted.	 However,	 in	
recent	years	 the	research	 field	has	expanded	rapidly	(Block	&	Grondin,	2014).	Testing	
the	 impact	 of	 emotion	under	 varying	 time	durations	 is	 of	 interest	 because	 there	have	
been	reports	indicating	that	timing	functions	operate	in	different	ways	for	durations	of	
different	lengths	and	directions	(Vierordt	1868,	cited	in	Block	&	Gruber,	2014;	Zakay	&	
Block,	1997).	This	thesis	 investigated	how	emotion,	 in	terms	of	emotional	Valence	and	
Arousal,	affects	subjective	time	for	both	short	and	long	durations.	In	the	following,	I	will	
present	 the	 most	 influential	 theories	 concerning	 time	 perception	 and	 the	 effect	 of	
emotion	on	timing	of	different	durations.		
	
Concepts	of	importance	in	the	study		
The	concepts	emotional	Valence	and	Arousal,	as	well	as	the	Point	of	Subjective	Equality	
(PSE)	 and	 Horizontal	 Shifts	 will	 first	 be	 explained	 for	 a	 better	 understanding	 of	 the	
literature	and	method	used	in	this	study.		
										The	 concept	 of	 emotional	 Valence	 is	 defined	 as	 “The	 intrinsic	 attractiveness	
(Positive	 Valence)	 or	 aversiveness	 (Negative	 Valence)	 of	 an	 event,	 object	 or	 situation”	
(Frijda,	1986,	p.	207).	Valence	hence	 implies	a	subjective	evaluation	of	 the	stimulus	 in	
question.	 Arousal,	 on	 the	 other	 hand,	 is	 defined	 as	 “the	 state	 of	 being	 physiologically	
alert,	 awake	 and	 attentive”	 (www.study.com).	 Arousal	 is	 primarily	 controlled	 by	 the	
reticular	activating	system,	located	in	the	brain	stem,	from	where	it	projects	information	
by	 stimulant	 neurotransmitters	 to	 other	 parts	 of	 the	 brain.	 Higher	 levels	 of	 these	
neurotransmitters,	such	as	dopamine,	norepinephrine,	serotonin	and	acetylcholine,	leads	
to	higher	states	of	Arousal	and	thereby	increased	attention	to	the	stimulus	in	question	
(www.study.com).		
										PSE	 can	be	 explained	as:	 ”Any	of	the	points	along	a	stimulus	dimension	at	which	a	
variable	 stimulus	 is	 judged	 by	 an	 observer	 to	 be	 equal	 to	 a	 standard	 stimulus”	
(www.oxfordreference.com).	 The	 PSE	 is	 of	 importance	 in	 discrimination	 experiments,	
like	 the	discrimination	 task	 in	 this	 study.	Discrimination	experiments	aim	to	decide	at	
what	point	there	is	a	notable	difference	between	two	stimuli.	In	a	discrimination	task,	a	
target	 stimulus	 is	 presented	 to	 a	 participant	who	 is	 required	 to	 answer	whether	 this	
stimulus	 is	 smaller	 or	 greater	 than	 the	 reference	 stimulus.	At	 the	PSE,	 the	participant	
perceives	 the	 target	 stimulus	and	 the	 referent	 stimulus	 to	be	equally	great	 (Carlson	&	
Heth,	2009).		Horizontal	Shifts	reflect	alterations	in	the	PSE	and	are	systematically	time	
shifts	of	the	target	stimulus	in	relation	to	the	reference	stimulus.	That	is,	the	function	of	
the	 target	 stimulus	 is	 moved	 to	 the	 left	 when	 there	 is	 an	 increase	 in	 clock	 speed,	
indicating	an	underestimation	of	the	duration;	and	to	the	right	when	there	is	a	decrease	
in	clock	speed,	indicating	an	overestimation	of	the	duration	-compared	to	the	function	of	
the	referent	stimulus	(Droit-Volet	&	Meck,	2007).		
	
Timing	for	different	lengths	of	duration	and	for	different	directions		
Vierordt	 (1868,	 in	 Block	 &	 Gruber,	 2014)	 found	 that	 timing	 functions	 operate	 in	
different	ways	depending	on	the	length	of	their	duration.	He	stated	that	from	seconds	to	
years	 the	 same	 law	 holds:	 estimates	 of	 relatively	 short	 durations	 are	 lengthened	 and	
estimates	 of	 relatively	 long	 durations	 are	 shortened.	 In	 an	 experiment	 condition	 this	
would	 mean	 that	 participants	 would	 tend	 to	 overestimate	 short	 durations	 and	
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underestimate	long	durations.		
										Also	 researchers	 of	 today	 conclude	 that	 different	 perceptual	 and	 cognitive	
processes	 are	 at	 play	 for	 durations	 of	 various	 lengths.	 A	 time	 interval	 of	 importance	
concerning	subjective	 time	estimation	 is	 “the	practically	 cognized	present”,	 also	called	
“the	specious	present“	(Block	&	Gruber,	2014).	This	is	an	interval	of	about	3-7	seconds	
during	 which	 the	 brain	 is	 able	 to	 compare	 and	 analyse	 recent	 memories	 with	 high	
complexity	in	working	memory.	That	is,	the	amount	of	time	in	which	information	can	be	
held	online	in	working	memory.	There	is	some	evidence	for	a	change	in	time	perception	
when	the	durations	begin	to	be	of	a	length	that	extends	the	capacity	of	working	memory.	
Above	 this	 limit,	 the	 durations	 have	 to	 be	 encoded	 and	 stored	 in	 memory.	 One	 then	
refers	to	two	kinds	of	timing:	prospective	and	retrospective	timing.		
										There	is	some	debate	among	researchers	whether	prospective	timing	(judgements	
of	experienced	time,	 i.e.	present	time)	and	retrospective	timing	(judgements	of	time	in	
memory,	i.e.	past	time;	Block	&	Gruber,	2014)	works	in	similar	ways	and	have	the	same	
effect	on	duration	estimates.	Many	researchers	(Zakay	&	Block,	1997)	have	found	data	
suggesting	 that	 the	 two	 time	 perspectives	 generates	 opposite	 effects	 while	 others	
(Brown	 &	 Stubbs,	 1992)	 have	 found	 data	 suggesting	 that	 the	 two	 time	 perspectives	
generates	similar	effects.	
										Within	the	prospective	framework,	participants	are	informed	in	advance	about	the	
fact	 that	 they	 will	 estimate	 the	 duration	 of	 a	 forthcoming	 time	 interval	 and	 are	
consequently	directing	their	attention	to	the	passage	of	time	during	the	interval.	Within	
the	 retrospective	 framework,	 on	 the	 other	 hand,	 participants	 are	 unaware	 of	 the	 fact	
that	 they	 will	 be	 asked	 to	 deliver	 a	 time	 estimate	 until	 the	 interval	 is	 over,	 and	 are	
consequently	 less	 likely	 to	 pay	 attention	 to	 the	 passage	 of	 time	 during	 the	 interval.	
Hence,	 prospective	 time	 estimates	 include	 an	 on-going	 attentiveness	 to	 time,	 while	
retrospective	 time	 estimates	 often	 rely	 on	 temporal	 information	 that	 is	 encoded	
incidentally.	Due	to	this	fact,	it	is	vital	to	compare	the	two	perspectives	when	evaluating	
subjective	duration	estimates.	
										A	research	team	that	conducted	such	a	comparison	was	Zakay	and	Block	(1997).	In	
their	meta-study,	which	compared	20	prospective	and	retrospective	perspective	studies	
concerning	 time	 perception	 and	 interval	 timing,	 they	 found	 that	 prospective	 time	
estimates	 on	 average	 were	 16%	 longer	 than	 retrospective	 time	 estimates	 and	 that	
retrospective	time	estimates	on	average	had	15%	more	variance	than	prospective	time	
estimates.	These	results	agree	with	the	idea	that	prospective	time	estimates	includes	an	
increased	 attention	 to	 time,	 while	 retrospective	 estimates,	 based	 on	 fragmentary	
temporal	information,	are	shorter	and	less	reliable.			
	
The	Internal	Clock	Perspective	
The	 Internal	 Clock	 Perspective	 (Creelman,	 1962;	 Gibbon,	 Church	 &	 Meck,	 1984;	
Treisman,	1963)	is	an	information-processing	model	consisting	of	three	stages:	a	clock	
stage,	 a	 memory	 stage	 and	 a	 decision	 stage	 (Droit-Volet	 &	 Meck,	 2007).	 The	 clock	
consists	 of	 a	 pacemaker,	 a	 mode	 switch	 and	 an	 accumulator.	 At	 the	 clock	 stage,	 the	
pacemaker	 emits	 pulses,	 or	 temporal	 “ticks”,	 at	 a	 certain	 rate;	 and	 the	 mode	 switch	
controls	the	passing	of	the	pulses	that	are	summed	up	in	the	accumulator	for	the	timing	
of	 the	 event.	At	 the	 start	 of	 the	 event	 that	 is	 to	be	 timed,	 the	mode	 switch	 closes	 and	
thereby	allows	the	pulses	emitted	by	the	pacemaker	to	pass	into	the	accumulator.	At	the	
end	 of	 the	 event,	 the	mode	 switch	 opens	 and	 thus	 terminates	 the	 pulse	 transmission	
(Droit-Volet	&	Meck,	2007).	The	 longer	the	time	the	person	is	exposed	to	the	stimulus	
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the	 greater	 the	 number	 of	 pulses	 are	 emitted	 and	 accumulated	 in	 the	 accumulator,	
which	results	in	that	the	duration	is	estimated	as	longer.		
									In	 addition,	 Treisman	 (1963)	 suggested	 that	 the	 emission	 rate	 of	 the	 pacemaker	
might	be	influenced	by	the	type	of	stimuli	the	person	is	exposed.	This	by	the	causing	of	a	
change	 in	 the	 arousal	 level.	 For	 example,	 a	 stimulus	 that	 causes	 a	 heightened	 arousal	
level	 thus	 speeds	 up	 the	 pacemaker,	 resulting	 in	 a	 generation	 of	 more	 pulses	 per	
physical	 time-unit.	For	a	short	prospective	duration,	 this	would	 lead	to	 the	experience	
that	time	is	extended	and	hence	result	in	an	underestimation	of	the	duration;	while	for	a	
long	 retrospective	 duration,	 the	 memory	 from	 the	 aroused	 period	 would	 lead	 to	 the	
perception	 that	 more	 time	 has	 passed	 and	 hence	 result	 in	 an	 overestimation	 of	 the	
duration	(Zakay	&	Block,	1997).		
										When	 the	 pulses	 reach	 the	memory	 stage	 the	 duration	 in	 question	 undergoes	 a	
comparison	with	a	sample	that	is	taken	from	a	distribution	of	duration	values	gathered	
from	reference	memory.	At	the	decision	stage,	a	duration	estimate	is	then	decided	based	
on	 this	 comparison.	 Variations	 in	 our	 perception	 of	 time	 are	 thus	 due	 to	 stimulus	
exposure,	 clock	 speed	 and	 memory	 distortion	 (Noulhiane,	 Mella,	 Samson,	 Ragot	 &	
Pouthas,	2007).	
	
Scalar	Expectancy	Theory	
The	main	 components	 of	 the	 Internal	 Clock	 Perspective,	 i.e.	 the	 clock-,	 memory-	 and	
decision-stages,	 have	 been	 formalized	 into	 a	 model	 of	 animal	 timing	 mainly	 used	 to	
explain	 temporally	 controlled	 behaviour	 in	 animals.	 This	 model	 is	 known	 as	 Scalar	
Expectancy	Theory	 (SET;	Gibbon	et	 al.,	 1984).	 In	SET	 the	 clock	and	memory	units	 are	
driven	 by	 a	 pacemaker,	 which,	 according	 to	 scalar	 property,	 produces	 a	 scale	 that	 is	
linear	 for	encoded	 time.	Scalar	property,	also	called	Weber’s	 law,	holds	 that	 there	 is	a	
linear	 relationship	 between	 the	 durations	 estimated	 and	 the	 standard	 deviation	 of	
duration	estimates.	It	suggests	that	the	variance	in	timing	is	proportional	to	the	mean	of	
the	estimated	interval.	Hence,	time	perception	can	be	likened	to	a	rubber	band	that	can	
be	 stretched	 to	 create	 time-scale	 invariance	 across	 a	 variety	 of	 durations	 (Buhusi	 &	
Meck,	2005;	Gibbon,	Malapani,	Dale	&	Gallistel,	1997).	
										Although	SET	 is	originated	 in	operant	research	on	animals	 it	has	been	 frequently	
used	 in	 studies	 of	 human	 timing	 (Allan	&	Gibbon,	 1991;	Malapani	&	Fairhurst,	 2002).	
However,	 a	 limitation	 of	 the	 model	 is	 that	 it	 does	 not	 sufficiently	 consider	 the	
importance	 of	 attention	 concerning	 time	 perception,	 as	 the	 theory	 is	 originated	 in	 a	
behaviourist	perspective	understating	cognitive	processes	(Zakay	&	Block,	1996).		
	
The	Attentional	Gate	Model	
Concerning	 timing	 behaviour,	 a	 main	 difference	 between	 that	 of	 animals	 and	 that	 of	
humans	is	the	role	of	attention.	While	this	is	of	minor	importance	for	animals,	it	is	vital	
for	humans	(Brown,	2008).	 	Hence,	a	modified	version	of	SET	was	proposed	by	Zakay	
and	 Block	 (1995;	 1996)	 and	 labelled	 the	 Attentional	 Gate	Model	 (AGM).	 Instead	 of	 a	
switch,	the	AGM	contains	a	component	called	the	attentional	gate,	through	which	pulses	
pass	between	the	pacemaker	and	the	accumulator.	The	gate	is	opened	when	attention	is	
focused	 on	 time	 during	 a	 duration.	 Attention	 to	 time	 is	 thereby	 vital	 in	 order	 for	 the	
transmission	and	counting	of	pulses	to	be	executed.	The	more	attention	focused	on	time,	
the	broader	the	gate	opens,	admitting	a	greater	number	of	pulses	into	the	accumulator.	
Thus,	 a	 higher	 number	 of	 pulses	 result	 in	 a	 prolonged	 perception	 of	 time.	 As	 a	
consequence	 participants	 tend	 to	 make	 shorter	 prospective	 duration	 estimates	 and	
longer	retrospective	duration	estimates	(Brown,	2008).		If	a	minor	degree	of	attention	is	
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focused	on	 time	 (for	 example	when	 focusing	on	non-temporal	 information	 such	 as	 an	
experiment	 task)	 the	 gate	 is	 narrowed,	 which	 results	 in	 a	 smaller	 number	 of	 pulses	
entering	 the	 accumulator.	 Thus,	 a	 lower	 number	 of	 accumulated	 pulses	 result	 in	 a	
shortened	 perception	 of	 time.	 As	 a	 consequence	 participants	 tend	 to	 make	 longer	
prospective	 duration	 estimates	 and	 shorter	 retrospective	 duration	 estimates	 (Brown,	
2008).			
	
Beat	Frequency	Theory	
Despite	the	fact	that	Information	Processing	(IP)	models	have	been	of	great	importance	
within	 interval	 timing	research,	 researchers	have	begun	 to	question	 their	adequacy	 in	
neurological	 specialization	 (Matell	 &	 Meck,	 2000).	 In	 order	 to	 complement	 these	 IP-
models,	 a	 number	 of	 neurobiological	 theories	 have	 been	 developed	 to	 study	 interval	
timing	within	the	timespan	of	milliseconds	(ms)	to	hours.	Of	these,	one	of	the	foremost	
is	Beat-	Frequency	Theory	(BFT;	Buhusi	&	Meck,	2005;	Matell	&	Meck,	2000),	which	has	
been	applied	 in	a	variety	of	areas	within	 interval	 timing.	 	For	example,	how	emotions,	
particularly	Arousal,	impact	on	clock	speed.		
										Instead	of	a	clock-model	driven	by	a	pacemaker,	like	the	Internal	Clock	Model,	SET	
and	 AGM,	 BFT	 is	 based	 on	 neural	 constructs	 and	 the	 release	 of	 neurotransmitters.	
Within	BFT	 there	 is	 synchronization	between	 the	 cyclic	 activity	of	 a	 subset	of	 cortical	
neurons	and	the	on-	and	offset	of	the	stimulus	in	question.	When	the	stimulus	is	timed,	
spinal	 neurons	 placed	 in	 the	 striatum	 work	 as	 incidence	 detectors	 of	 specialized	
patterns	 of	 cyclic	 input	 from	 the	 cortex.	 Consequently,	 the	 striatum	 can	 “read”	 the	
temporal	code,	which	is	brought	about	by	cyclic	neurons	in	the	cortex.	Furthermore,	its	
synaptic	connections	are	intensified	or	depleted	as	a	consequence	of	this	feedback	and	
its	dopamine	input	from	the	substantia	nigra.	Within	this	model	clock	speed	is	changed	
by	 the	 dopaminergic	 modulation	 of	 the	 cortical	 cyclical	 frequencies	 imputed	 to	 the	
striatum.	That	is,	the	dopamine,	and	thereby	Arousal	levels,	affect	clock	speed	in	the	way	
that	a	higher	 level	 increases	clock	speed	whereas	a	 lower	 level	decreases	clock	speed.		
The	first	case	results	in	the	impression	that	time	is	stretched	out,	which	typically	gives	
an	 underestimation	 of	 short	 prospective	 durations	 and	 an	 overestimation	 of	 long	
retrospective	 durations.	 The	 second	 case	 results	 in	 the	 impression	 that	 time	 is	
shortened,	which	 typically	gives	an	overestimation	of	 short	prospective	durations	and	
an	 underestimation	 of	 long	 retrospective	 durations	 (Buhusi	 &	 Meck,	 2005;	 Matell	 &	
Meck,	2000).	
	
Arousal	effects	on	clock	speed	
In	 accordance	 with	 both	 the	 frameworks	 that	 use	 an	 internal	 clock	 and	 BFT,	
experiments	 have	 indicated	 that	 increased	 Arousal	 results	 in	 a	 higher	 number	 of	
temporal	 impressions	 and	 subjective	 perception	 that	 time	 is	 prolonged,	which	 should	
consequently	 lead	 to	 underestimation	 of	 short	 prospective	 durations	 and	
overestimation	of	long	retrospective	durations.	According	to	internal-clock	frameworks,	
an	increased	level	of	Arousal	accelerates	the	tempo	of	the	pacemaker,	which	results	in	a	
higher	 number	 of	 pulses	 being	 accumulated	 within	 the	 same	 psychical	 time	 unit.	
According	to	BFT,	as	mentioned	above,	a	similar	outcome	entails	from	clock	speed	being	
changed	 by	 the	 dopaminergic	 modulation,	 and	 thereby	 Arousal	 modulation,	 of	 the	
cortical	cyclical	frequencies	imputed	to	the	striatum.		
										This	 impact	of	Arousal	on	clock	 speed	has	been	 investigated	 in	 studies	 that	have	
tried	to	manipulate	the	Arousal	levels	in	various	ways	in	order	to	alter	the	clock	speed	of	
the	participants	 in	 the	experiment.	Examples	of	 these	manipulations	have	occurred	 in	
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experiments	that	have	(1)	exposed	participants	to	repetitive	visual	flickers	or	auditory	
clicks	in	order	to	increase	the	Arousal	level	(Droit-Volet,	&	Wearden,	2002),	(2)	altered	
the	 body	 temperature	 of	 the	 participants	 to	 increase	 the	 Arousal	 level	 by	 means	 of	
metabolic	processes	 (Wearden,	&	Penton-Voak,	1995),	or	 (3)	administered	psychiatric	
drugs	that	manipulate	the	Arousal	level	by	modulating	the	dopamine	levels	in	the	brain	
(Meck,	 1983).	 Examples	 of	 these	 psychiatric	 drugs	 are	 psychostimulants	 like	 cocaine	
and	methamphetamine,	which	increase	the	Arousal	level	and	clock	speed.	This	results	in	
an	 underestimation	 of	 short	 prospective	 durations	 and	 an	 overestimation	 of	 long	
retrospective	 durations.	 Other	 examples	 are	 antipsychotics	 like	 haloperidol	 and	
pimozide,	 which	 decrease	 the	 Arousal	 level	 and	 clock	 speed,	 and	 results	 in	 an	
overestimation	 of	 short	 prospective	 durations	 and	 an	 underestimation	 of	 long	
retrospective	durations	(Meck,	1983).	
	
Routtenberg’s	Dual	Arousal	Hypothesis		
Routtenberg’s	 Dual	 Arousal	 Hypothesis	 (1968)	 is	 a	 central	 theory	 within	 the	 field	 of	
interval	timing.	It	 is	a	two-dimensional	Arousal	hypothesis	that	holds	that	two	Arousal	
systems	are	supported	by	specific	neural	bases.	One	system,	connected	to	the	reticular	
activation	 system,	 is	 thought	 to	 control	 physiological	 Arousal	 and	 supply	 the	
management	of	responses.	The	other	Arousal	system,	connected	to	the	limbic	system,	is	
thought	 to	 control	 responses	 by	 way	 of	 incentive-related	 stimuli.	 This	 division	
distinguish	 Arousal	 processes	 associated	 with	 behavioural	 response	 preparation,	
activation,	 from	 Arousal	 processes	 associated	 with	 cognitive	 processes,	 attention	
(Noulhiane	 et	 al.,	 2007).	 The	 first	 Arousal	 system,	which	 is	 in	 accordance	with	 action	
tendency	 models	 (Lang,	 Bradley	 &	 Cuthbert,	 1997),	 is	 believed	 to	 be	 connected	 to	
motivational	survival	systems	of	appetite,	procreation	and	defence,	evolved	to	mediate	
interactions	 in	 the	 surrounding	 that	 promote	 or	 threat	 physical	 survival.	 The	 second	
Arousal	system,	which	is	in	accordance	with	cognitive	attention	models,	 is	a	subjective	
form	of	Arousal	connected	to	cognitive	processes.	It	generates	an	enhanced	attention	in	
order	to	discern	emotional	events	that	are	of	particular	relevance	to	the	person	(Lang	et	
al,	1997).		
										According	 to	 the	 theory	 of	 internal	 clock	 models,	 with	 respect	 to	 timing,	 these	
dimensions	of	emotion,	i.e.	physiological	activation	and	subjective	attention,	are	thought	
to	have	opposite	effects	on	subjective	estimation	of	time.	Physiological	activation,	on	one	
hand,	 has	 been	 observed	 to	 speed	 up	 the	 pacemaker,	 resulting	 in	 the	 perception	 that	
time	is	prolonged,	and	hence	to	an	underestimation	of	short	prospective	durations	and	
an	 overestimation	 of	 long	 retrospective	 durations.	 Subjective	 attention,	 on	 the	 other	
hand,	has	been	observed	to	slow	down	the	pacemaker,	resulting	in	the	perception	that	
time	is	shortened,	and	hence	to	an	overestimation	of	short	prospective	durations	and	an	
underestimation	 of	 long	 retrospective	 durations	 (Bolz,	 1994;	 Delay	 &	 Mathey,	 1985;	
Penton-Voak,	 Edwards,	 Percival	 &	Wearden,	 1996;	 Rai,	 1975;	Wearden,	 Pilkington	 &	
Carter,	1999).		
										Data	supporting	this	adverse	relationship	were	found	in	an	experiment	by	Angrilli,	
Cherubini,	 Pavese	 and	 Manfredini	 (1997)	 who	 used	 the	 standardized	 IAPS	 stimuli	
(Bradley,	1995)	to	investigate	the	effects	of	Arousal	and	Valence	on	time	perception.	The	
pictures	 constituted	 four	 emotional	 conditions:	 High	 Arousal-Negative	 Valence	 (HN),	
High	 Arousal-Positive	 Valence	 (HP),	 Low	 Arousal-Negative	 Valence	 (LN)	 and	 Low	
Arousal-Positive	Valence	(LP).	The	researchers	found	no	main	effect	neither	for	Arousal	
nor	 Valence.	 However,	 they	 found	 a	 significant	 interaction	 effect	 between	 the	 two	
dimensions.	 This	 interaction	 effect	 was	 displayed	 accordingly:	 in	 the	 High	 Arousal	
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condition,	 the	 duration	 of	 Negative	 pictures	 was	 estimated	 to	 be	 longer	 than	 the	
duration	 for	 Positive	 pictures;	whereas	 in	 the	 Low	Arousal	 condition,	 the	 duration	 of	
Positive	pictures	was	estimated	to	be	longer	than	the	duration	for	Negative	pictures.	The	
researchers	concluded	that	this	adverse	relationship	of	Valence	and	Arousal	was	due	to	
the	fact	that	two	divergent	systems	were	triggered	by	the	Arousal	levels:	on	one	hand	an	
automatic	system	connected	to	motivational	systems	for	High	Arousal,	and	on	the	other	
hand	 a	 controlled-attention	 system	 for	 Low	 Arousal.	 This	 in	 accordance	 with	
Routtenberg’s	(1968)	hypothesis	of	dual	Arousal	systems.	Routtenberg’s	hypothesis	and	
the	findings	from	Angrilli	et	al.	hence	further	develop	the	theory	concerning	the	effect	of	
emotion	 on	 time.	 Firstly,	 they	 differentiate	 the	 effect	 of	 Arousal	 by	 separating	 High	
Arousal	and	Low	Arousal,	suggesting	that	they	have	opposite	effects	and	secondly,	they	
introduce	Valence	as	a	factor	that	affect	time	perception.		
	
Introduction	summary	
I	will	now	summarize	the	theories	and	findings	of	importance	to	the	hypotheses,	before	
displaying	the	formulation	of	the	hypotheses.	
										Vierordt’s	Law	(1868,	in	Block	&	Gruber,	2014)	and	the	findings	of	Zakay	and	Block	
(1997)	 suggest	 that	 short	 respectively	 prospective	 durations	 are	 perceived	 to	 be	
“stretched	 out”	 and	 are	 consequently	 overestimated;	 while	 long	 respectively	
retrospective	 durations	 are	 perceived	 as	 “shrunken”	 and	 are	 consequently	
underestimated.		
										Furthermore,	 clock	 models	 (i.e.	 the	 Internal	 Clock	 Perspective	 (Creelman,	 1962;	
Treisman,	 1963),	 SET	 (Gibbon	 et	 al.,	 1984)	 and	 the	AGM	 (Zakay	&	Block	1995));	 BFT	
(Buhusi	&	Meck,	2005;	Matell	&	Meck,	2000);	and	concurrent	experiment	data	 (Droit-
Volet	&	Wearden,	2002;	Wearden	&	Penton-Voak,	1995;	Meck,	1983)	suggest	that	a	high	
Arousal	level	pace	up	the	clock	speed,	thus	generating	more	temporal	ticks	per	physical	
time-unit.	 For	 short	 and	 for	 prospective	 durations	 this	 results	 in	 the	 experience	 that	
time	 is	 extended	 and	 hence	 in	 an	 underestimation	 of	 the	 duration	 -i.e.,	 shorter	 time	
estimates	 for	a	High	Arousal	 stimuli	 compared	 to	a	Low	Arousal	 stimuli.	For	 long	and	
retrospective	durations,	the	memory	from	the	aroused	period	results	in	the	perception	
that	more	 time	has	passed	and	hence	 in	an	overestimation	of	 the	duration	 -i.e.,	 longer	
time	estimates	for	a	High	Arousal	stimuli	compared	to	a	Low	Arousal	stimuli.		
										Finally,	 concerning	 long	 retrospective	 durations,	 Routtenberg’s	 two-dimensional	
Arousal	hypothesis	(1968)	and	the	findings	of	Angrilli	et	al.	(1997)	suggest	that	in	a	High	
Arousal	 condition,	 the	 duration	 of	 Negative	 pictures	 be	 estimated	 as	 longer	 than	 the	
duration	 for	 Positive	 pictures;	whereas	 in	 the	 Low	Arousal	 condition,	 the	 duration	 of	
Positive	pictures	be	estimated	as	longer	than	the	duration	for	Negative	pictures.	This	is	
due	to	the	fact	that	two	divergent	systems	are	assumed	to	be	triggered	by	the	Arousal	
levels:	 an	 automatic	 system	 for	 High	 Arousal	 (activation)	 and	 a	 controlled-attention	
system	for	Low	Arousal	(attention).	
									The	empirical	work	in	the	present	thesis	sought	to	test	five	central	predictions	that	
arise	from	the	theories	and	models	just	reviewed,	four	of	which	related	to	the	emotional	
state	of	the	operator.	The	latter	are	all	specifically	related	to	under-	and	overestimation	
of	time	as	a	function	of	emotional	states.		
	
Hypothesis	1	predicts,	according	to	Vierordt’s	Law,	that	the	short	prospective	PSE	
estimates	will	be	overestimated	compared	to	the	700	ms	referent	stimulus,	both	in	the	High	
Arousal	condition	(HA)	and	in	the	Low	Arousal	condition	(LA).	
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Hypothesis	2	predicts,	according	to	the	clock	models	and	the	BFT,	that	the	short	
prospective	PSE	estimates	in	the	Low	Arousal	condition	(HA)	will	be	overestimated	
compared	to	the	short	prospective	PSE	estimates	in	the	High	Arousal	condition	(LA).	
	
Hypothesis	3	predicts,	according	to	clock	models	and	BFT,	an	association	between	short	
prospective	PSE	estimates	and	long	retrospective	LTE	estimates	that	is	modified	by	the	
level	of	arousal:	During	Low	Arousal	(LA),	greater	overestimations	(compared	to	the	700	
ms	referent	stimulus)	of	short	prospective	PSE	estimates,	will	be	associated	with	greater	
underestimations	(compared	to	the	30-seconds	referent	stimulus)	of	long	retrospective	
LTE	estimates.	During	High	Arousal	(HA),	smaller	overestimations	(compared	to	the	700	
ms	referent	stimulus)	of	short	prospective	PSE	estimates,	will	be	associated	with	smaller	
underestimations	(compared	to	the	30-seconds	referent	stimulus)	of	long	retrospective	
LTE	estimates.	
		
Hypothesis	4	predicts,	according	to	Vierordt’s	Law,	that	the	long	retrospective	LTE	
estimates	will	be	underestimated	compared	to	the	30-seconds	referent	stimulus,	in	all	
emotion	conditions	(i.e.	HN,	LN,	N,	LP,	HP).		
		
Hypothesis	5	constitutes	an	interaction	involving	Arousal	and	Valence	that	follows	from	
Routtenberg’s	dual	Arousal	hypothesis.	That	is,	for	the	long	retrospective	LTE	estimates	in	
the	High	Arousal	condition	(HA),	the	duration	of	Negative	pictures	(HN)	will	be	estimated	
as	longer	than	the	duration	of	Positive	pictures	(HP);	and	for	the	long	retrospective	LTE	
estimates	in	the	Low	Arousal	condition	(LA),	the	duration	of	Positive	pictures	(LP)	will	be	
estimated	as	longer	than	the	duration	of	Negative	pictures	(LN).		
	
	

Method	
Participants	
The	participants	consisted	of	students	at	Umeå	University,	recruited	by	advertisements	
throughout	 the	 campus	 area	 and	 on	 the	 Facebook	 group	 “Students	 of	 the	 Psychology	
Programme”	 at	 Umeå	 University.	 The	 advertisement	 included	 information	 about	 the	
purpose	and	overall	method	of	 the	study,	as	well	as	 information	about	 the	 time	 frame	
and	that	the	revenue	of	participation	would	be	200	SEK.	The	inclusion	criteria	were	18-
40	 years	 of	 age,	 not	 affected	 by	 any	 attention	 deficit	 disorders,	 and	 not	 taking	 any	
medication	that	affects	dopamine	levels.	The	initial	number	of	participants	in	the	study	
was	 28,	 but	 2	 participants	 were	 excluded	 due	 to	 technical	 problems	 during	 the	 data	
collection	(13	men	and	13	women,	mean	age	26.8	years).	Fourteen	participants	(6	men	
and	 8	 women,	 mean	 age	 27.4)	 were	 randomly	 assigned	 to	 group	 1	 with	 a	 narrow	
interval	 distribution	 in	 the	 discrimination	 task	 for	 the	 perception	 part,	 and	 the	
remaining	12	(7	men	and	5	women,	mean	age	26.3)	were	placed	in	group	2	with	a	wide	
interval	distribution	in	the	discrimination	task	for	the	perception	part	(see	Table	1).		
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Table	1	
	 	 	 		Participants	in	the	study	 		 		 		 		

		 Male	(%)	 Female	(%)	 Total	(%)	 Mean	Age	

Participants	with	completed	timing	results.	 13(50)	 13(50)	 26(100)	 26.85	

	 	 	 	 	Participants	with	narrow	interval	distribution	 6(42.86)	 8(57.14)	 14(100)	 27.36	
	in	the	discrimination	task.	

	 	 	 	
	 	 	 	 	Participants	with	wide	interval	distribution	 7(58.33)	 5(41.67)	 12(100)	 26.25	
in	the	discrimination	task.		 		 		 		 		
Note.		The	final	number	of	participants	with	completed	timing	results;	in	total	and	in	group	1	and	2.		
	
Ethical	considerations	
The	study	was	carried	out	in	in	accordance	with	the	Swedish	Research	Council's	Ethical	
Principles	 (Vetenskapsrådets	 Etiska	 Principer;	 Vetenskapsrådet,	 without	 year).	 The	
study	also	took	into	consideration	the	Monastic	Profession	Principles	of	Psychologists	in	
the	Nordic	countries	(Yrkestiska	principer	för	psykologer	i	Norden,	1998).	These	ethical	
principles	were	implemented	accordingly:	Concerning	the	fact	that	some	video	clips	 in	
the	experiment	could	be	experienced	as	rather	frightening	or	revolting,	all	participants	
had	to	be	at	least	18	years	of	age.	The	participants	were	informed	before	the	experiment	
of	the	purpose	and	the	procedure	of	the	experiment.	Moreover,	they	were	informed	that	
participation	was	voluntary	and	that	they	could	withdraw	at	any	time.	They	were	also	
informed	 that	 the	 obtained	 data	 would	 be	 handled	 confidentially.	 If	 they	 agreed	 to	
participate,	they	signed	a	form	of	consent.		
	
Stimulus	material	
Neutral	 and	 emotive	 video	 clips	 were	 chosen	 to	 resemble	 the	 standardized	 pictorial	
stimulus	set	known	as	the	International	Affective	Picture	System	(IAPS;	Bradley,	1995)	
with	respect	to	both	the	spread	of	motive	and	level	of	Arousal	and	Valence.	The	reason	
for	using	moving	clips	instead	of	the	standardized	IAPS	photographs	was	partly	because	
it	was	a	relatively	long	duration	that	was	due	to	be	measured	for	which	a	static	stimuli	
would	 have	 generated	 an	 emotional	 habituation	 effect;	 and	 partly	 because	 a	 moving	
stimuli	was	assumed	to	generate	a	stronger	emotive	effect.	
										When	choosing	the	clips	we	made	sure	that	the	emotional	impression	of	the	sound	
matched	 that	 of	 the	 images	 (i.e.	 HN,	 LN,	 N,	 LP	 and	 HP)	 and	 for	 the	 clips	 that	 lacked	
sound,	 a	 suitable	 sound	was	 inserted.	We	only	 selected	 clips	with	 a	 similar	 and	 fairly	
high	image	quality.	The	clips	were	collected	from	YouTube	and	cut	into	30-seconds	clips	
in	 the	 editing	 programme	 Video	 Pad	 (version	 3.90).	 A	 number	 of	 150	 clips	 were	
collected	 to	 match	 the	 IAPS	 conditions	 Negative	 Valence-High	 Arousal,	 Negative	
Valence-Low	Arousal,	Neutral	Valence-Low	Arousal,	Positive	Valence-Low	Arousal	and	
Positive	Valence-High	Arousal.	This	resulted	in	30	clips	per	category.		
										To	validate	these	stimuli	the	two	experiment	leaders	and	four	other	persons	rated	
each	clip	on	both	dimensions	(Valence	and	Arousal)	on	a	5-point	scale	that	was	designed	
to	resemble	that	of	the	visual	analogue	scale	Self-Assessment-Manikin	(SAM;	Bradley	&	
Lang,	1994),	which	is	commonly	applied	in	connection	to	using	the	IAPS.	 	For	Arousal,	
the	scale	levels	were	labelled	1	=	Low	2	=	Fairly	Low,	3	=	Medium,	4	=	Fairly	High,	5	=	
High,	and	for	Valence,	the	levels	were	labelled	1	=	Highly	Negative,	2	=	Fairly	Negative,	3	
=	Neutral,	4	=	Fairly	Positive,	5	=	Highly	Positive.	The	means	across	these	six	raters	and	
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for	each	clip	was	used	to	select	 the	20	clips	that	best	 fitted	each	of	the	five	categories,	
with	a	total	100	clips	for	each	category.		

Equipment		
The	 programming	 environment	 consisted	 of	 MATLAB	 (version	 R2014b)	 and	 Arduino	
(version	1.6.3),	which	were	used	to	organize	the	experiment	and	the	data	collection.	An	
in-house	 developed	 code	 was	 devised	 for	 presenting	 and	 analysing	 data.	 The	 testing	
equipment	 consisted	 of	 a	 PC	 computer	with	Windows	 7,	which	 controlled	 the	 stimuli	
presentation	 and	 collected	 the	 responses.	 Simultaneously,	 heart	 rate	 with	 ECG-
registration	 on	 two	 channels	was	measured	 by	 a	Biopac	 Psychology	Monitor	 (version	
MP	150,	 and	 including	 the	modules	 STP-100C	 and	RSPEC-R)	 on	 a	 separate	 computer.	
Some	of	the	MATLAB	code	for	the	experiment	was	developed	by	a	student	at	the	Master	
Programme	 in	 Cognitive	 Science	 (Zhang,	 2015),	 who	 collected	 time	 production	 data	
from	the	same	participants.	
	
Procedure	
When	 the	 experiment	 was	 up	 and	 running,	 a	 pilot	 test	 was	made	 on	 the	 experiment	
leaders.	After	 that,	 some	minor	adjustments	were	made	 to	 the	experiment.	Firstly,	 the	
phrasing	 of	 the	 four	 questions,	 in	 the	 questionnaire	 at	 the	 end	 of	 each	 block	 (see	
Appendix:	Figure	A1),	were	reworded	into	their	current	form	for	clarification.	Secondly,	a	
training	block	was	inserted	for	each	part	(i.e.	one	for	the	perception	part	and	one	for	the	
production	 part)	 in	 order	 to	 give	 the	 participants	 a	 better	 chance	 to	 understand	 the	
experiment	procedure	before	starting	the	actual	experiment.		
										The	general	concept	of	the	experiment	was	that	the	participants	were	exposed	to	
stimuli,	in	form	of	neutral	and	emotive	video	clips,	which	were	designed	to	make	them	
experience	the	emotions	before	mentioned	(i.e.	Negative	Valence-High	Arousal,	Negative	
Valence-Low	Arousal,	Neutral	Valence-Low	Arousal,	Positive	Valence-	Low	Arousal	and	
Positive	 Valence-	 High	 Arousal).	 Simultaneously,	 the	 participants	 were	 to	 perform	 a	
discrimination	 task	 respectively	 a	 continuation-tapping	 task.	 Throughout	 the	
experiment,	 heart	 rate	was	 also	measured	with	Biopac	Psychology	Monitor.	However,	
the	analysis	of	the	Biopac	data	is	beyond	the	scope	of	this	thesis.	After	watching	the	clips	
the	participants	were	to	answer	four	questions	related	to	their	experience	of	watching	
the	clips	in	order	to	verify	their	measured	Arousal	and	Valence	during	the	experiment.	
For	an	illustrative	image	of	the	phases	of	the	experiment,	see	Appendix:	Figure	A1.	Before	
the	 participants	 started	 the	 experiment,	 the	 experiment	 leaders	 ensured	 that	 no	
wristwatch,	 mobile	 phone	 or	 other	 timing	 device	 were	 brought	 into	 the	 experiment	
room.	 Furthermore,	 the	 participants	 were	 informed	 that	 the	 estimated	 time	 for	
undergoing	 the	 experiment	was	 one	 and	 a	 half	 to	 two	 hours,	 and	 that	 a	 five	minutes	
break	 was	 allowed	 between	 the	 two	 experiment	 parts.	 Finally,	 the	 participants	 were	
warned	about	the	fact	that	some	clips	contained	high	sound	and	information	that	could	
be	perceived	as	frightening	or	revolting	and	that	since	participation	was	voluntary,	they	
were	free	to	leave	the	experiment	at	any	time	without	further	explanation.		
										The	research	design	constituted	a	within-group	design,	where	all	participants	were	
tested	in	all	conditions.	As	aforementioned,	the	experiment	was	divided	into	two	parts,	
depending	 on	what	 task	 to	 perform	while	watching	 the	 clips.	 The	 tasks	 constituted	 a	
discrimination	 task	 (the	 perception	 part),	 for	 the	 data	 collection	made	 by	 the	 author;	
and	a	continuation-tapping	 task	(the	production	part),	 for	 the	data	collection	made	by	
Zhang.	 Every	 second	 participant	 started	 with	 the	 perception	 part	 and	 every	 second	
participant	 started	 with	 the	 production	 part.	 When	 doing	 the	 experiment	 the	
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participants	first	underwent	a	training	phase	and	then	a	test	phase.	Before	starting	the	
test	phase,	the	participant	had	to	confirm	that	the	procedure	was	understood.	In	the	test	
phase,	 the	 100	 clips	 were	 divided	 into	 20	 blocks,	 with	 10	 blocks	 per	 part	 (i.e.	 the	
perception	part	respectively	the	production	part)	and	5	clips	per	block.	Both	the	order	
of	the	blocks	and	the	clips	within	each	block	were	randomised.	In	every	block	one	clip	
for	respectively	Arousal	and	Valence	condition	were	represented,	that	is,	High	Negative	
(HN,	 with	 presumed	 High	 Arousal	 and	 Negative	 Valence);	 Low	 Negative	 (LN,	 with	
presumed	Low	Arousal	and	Negative	Valence);	Neutral	(N,	with	presumed	Low	Arousal	
and	 Neutral	 Valence);	 Low	 Positive	 (LN,	 with	 presumed	 Low	 Arousal	 and	 Positive	
Valence);	 and	 High	 Positive	 (HP,	 with	 presumed	 High	 Arousal	 and	 Positive	 Valence).	
		 Since	 this	 study	 deals	 with	 the	 data	 collected	 during	 the	 perception	 part,	 the	
focus	 will	 henceforth	 be	 on	 that	 part	 and	 the	 production	part	 will	 be	 omitted.	 The	
discrimination	 task	 consisted	 of	 two	 phases:	 a	 metronome	 phase	 and	 a	 clip	 phase.	
During	 the	 metronome	 phase	 a	 sequence	 of	 15	 isochronous	 metronome	 beeps	 were	
played.	The	duration	between	every	beep	was	700	ms.	The	participants	were	instructed	
to	 try	 to	 remember	 the	 duration	 between	 the	 beeps.	 During	 the	 clip	 phase,	 new	
metronome	beeps	were	played.	However,	this	time	they	were	played	in	pairs,	of	various	
interval	distribution.	That	is,	the	interval	durations	varied.	For	every	clip	there	were	10	
pairs	 of	metronome	beeps.	These	were	of	 5	 kinds	 and	 randomised.	The	 first	 group	of	
participants	(see	Table	1)	had	a	narrow	interval	distribution	in	the	discrimination	task.	
That	is,	short	time	intervals	within	the	metronome	pairs	played	in	the	task.	For	them	the	
5	kinds	of	paired	metronome	beeps	had	the	 following	distance:	700	ms	-15%	(i.e.	595	
ms),	700	ms	-5%	(i.e.	665	ms),	700	ms	+/-0%	(i.e.	700	ms),	700	ms	+5%	(i.e.	735	ms)	
and	700	ms	 -15%	 (i.e.	 805	ms).	The	 second	group	of	 participants	 (see	Table	1)	 had	 a	
wide	 interval	distribution	 in	the	 in	the	discrimination	task.	That	 is,	 long	time	intervals	
within	 the	 metronome	 pairs	 played	 in	 the	 task.	 For	 them	 the	 5	 kinds	 of	 paired	
metronome	beeps	had	the	following	distance:	700	ms	-30%	(i.e.	490	ms),	700	ms	-10%	
(i.e.	630	ms),	700	ms	+/-0%	(i.e.	700	ms),	700	ms	+10%	(i.e.	770	ms)	and	700	ms	+30%	
(i.e.	910	ms).	The	reason	for	having	two	groups	of	participants	was	that	the	majority	of	
participants	 in	 the	 first	 group	 reported	 that	 it	 was	 rather	 difficult	 to	 discern	 any	
difference	 between	 the	 time	 intervals,	why	 the	 intervals	were	 adjusted	 to	 the	 double	
distance	 for	 the	second	group.	The	 task	 in	question	 for	 the	participants	was	 to	decide	
whether	 the	 time	 distance	 between	 the	 two	 beeps	within	 each	 metronome	 pair	 was	
shorter	 or	 longer	 than	 the	 time	 distance	 between	 the	 beeps	 in	 the	 initial	metronome	
sequence.	(This	was	decided	by	pressing	the	left	key	(ß)	for	a	shorter	time	distance	and	
right	key	(à)	for	a	longer	time	distance	on	the	computer	keyboard).	This	in	order	to	find	
the	PSE	 for	 their	estimates	 to	measure	whether	 their	estimates	were	effected	by	 their	
emotional	state,	induced	by	the	emotive	clips.		
											After	watching	 the	 clips	 and	undergoing	 the	discrimination	 task	 the	participants	
were	to	answer	four	questions	related	to	their	experience	of	watching	the	clips	in	order	
to	 verify	 their	 measured	 Arousal	 and	 Valence	 during	 the	 experiment.	 Of	 these,	 one	
question	 inquired	 the	 participants’	 duration	 estimates	 (Long	 Time	 Estimates,	 LTE)	 of	
the	clips,	and	another	ratings	of	how	interesting	the	clips	were	judged	to	be	(Interest).		
However,	the	data	obtained	from	the	Interest	question	was	not	analysed	in	this	thesis.	
The	other	two	were	based	on	the	visual	analogue	scale	Self-Assessment-Manikin	(SAM),	
which	 is	 commonly	 applied	 to	 rate	 visual	 stimuli	 in	 connection	 to	 using	 the	 IAPS,	 on	
which	 the	 clips	were	 based.	 These	 questions	 inquired	 the	 participants’	 ratings	 of	 the	
Valance	 of	 the	 clips	 respectively	 their	 experienced	 Arousal	 level	 while	 watching	 the	
clips.	The	 four	questions	were	phrased	accordingly:	1.“Please	estimate	the	length	of	the	
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(from	 1	 to	 60	 seconds)”;	 2.“Please	 rate	 the	 videos	 with	 1,	 2,	 3,	 4	 and	 5	 (1	 is	 the	 least	
interesting	and	5	is	the	most	interesting)”;	3.“On	a	scale	of	1-5,	please	rate	the	Valence	of	
the	 (Valence:	 1=	 Highly	 Negative,	 2=	 Fairly	 Negative,	 3=	 Neutral,	 4=	 Fairly	 Positive,	 5=	
Highly	Positive);	and	4.	”On	a	scale	of	1-5,	please	rate	the	Arousal	of	the	(Arousal:	1=	Low,	
2=	Fairly	Low,	3=	Medium,	4=	Fairly	High,	5=	High)”.	The	questions	were	accompanied	by	
screen	shots	of	 the	 clips	 in	 respectively	block,	 in	order	 to	aid	 the	 remembering	of	 the	
clips	and	thereby	the	accuracy	of	the	ratings.	
	
	

Results	
Computation	of	dependent	variables		
The	 PSE	 estimates	 were	 obtained	 by	 using	 Maximum	 Likelihood	 Curve	 Fit	 of	 a	
cumulative	 standard	 distribution	 against	 the	 observed	 data,	 where	 the	 observations	
were	the	participants'	average	responses	for	each	level	of	the	interval	difference.	That	is,	
the	standard	range	versus	the	comparison	interval.	The	PSE	estimates	(N=	6)	for	the	t-
test	in	hypotheses	1	and	2	and	the	scatterplot	in	hypothesis	3	included	estimates	from	
two	Arousal	conditions:	Low	Arousal	(Low	Negative,	LN,	and	Low	Positive,	LP)	and	High	
Arousal	(High	Negative,	HN,	and	High	Positive,	HP).	To	obtain	the	Low	Arousal	and	High	
Arousal	values,	time	estimates	from	the	two	Low	Arousal	conditions	respective	the	two	
High	Arousal	conditions	were	aggregated	and	divided	by	two	(Low	Arousal=	LN+LP	/2;	
High	Arousal=	HN+HP/2).	The	Neutral	(N)	condition	was	excluded	since	it	did	not	have	
a	corresponding	condition	to	make	into	a	”matched	pair”,	as	opposed	to	the	other	four	
conditions.	The	 reason	 for	aggregating	 the	PSE	estimates	 from	 the	 four	 initial	Arousal	
conditions	into	the	two	overall	Arousal	conditions	was	to	increase	the	reliability	of	the	
estimates.	Despite	this	precaution,	only	six	participants	of	the	originally	26	passed	this	
cut-off	limit	and	received	valid	PSE	estimates.	From	these	six	participants	with	valid	PSE	
estimates,	 the	 estimates	means	of	 the	 two	 conditions,	 PSE	Low	Arousal	 and	PSE	High	
Arousal	were	calculated	and	applied	in	the	two	Arousal-conditions-groups.		
										The	 LTE	 estimates	 (N=	 26)	 were	 obtained	 by	 taking	 the	means	 of	 the	 temporal	
estimates	 for	each	emotion	condition	group.	That	 is,	 the	means	 for	all	20	clips	 in	each	
emotion	 conditional	 group	 (High	 Negative,	 HN,	 Low	 Negative,	 LN,	 Neutral,	 N,	 Low	
Positive,	 LP,	 and	High	 Positive,	 HP).	However,	 the	 scatterplot	 for	 hypothesis	 3	 shows	
only	the	6	participants	who	also	had	valid	PSE	estimates.	In	the	ANOVA	for	hypotheses	4	
and	5	on	the	other	hand,	the	LTE	estimates	for	all	26	participants	were	used	since	they	
were	 not	 to	 be	 compared	 with	 the	 PSE	 estimates.	 For	 further	 information	 about	 the	
appliance	of	the	LTE	estimates,	see	Hypothesis	3	and	Hypotheses	4	and	5.		
	
Hypotheses	1	and	2	
The	statistical	analysis	for	all	data	was	performed	in	SPSS	(version	22).	For	hypotheses	1	
and	 2	 a	 paired	 t-test	 was	 conducted	 to	 evaluate	 the	 impact	 of	 Arousal	 level	 on	 PSE	
estimate.	As	aforementioned,	the	PSE	estimates	for	hypotheses	1	and	2	(N=	6)	included	
participants’	estimates	from	two	Arousal	conditions:	Low	Arousal	and	High	Arousal.	For	
the	 obtaining	 of	 the	 PSE	 estimates,	 see	 Computation	 of	 dependent	 variables.	 The	 PSE	
estimates	in	ms	for	the	6	participants	with	valid	PSE	estimates	are	given	in	Table	2.		
										The	analysis	of	normal	distribution	(see	Appendix:	Table	A1)	revealed	that	the	data	
generated	 from	 the	 6	 participants	with	 valid	 PSE	 estimates,	 both	 in	 the	 Low	 Arousal	
condition	 and	 in	 the	High	Arousal	 condition,	were	 sufficiently	 normally	 distributed	 in	
order	to	use	the	parametric	t-test	(Pallant,	2010).	Furthermore,	the	alpha	level	was	set	
to	.05,	as	customary.		
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Table	2	
	 	 	 	 	 	Descriptives	for	the	PSE-	and	LTE	estimates				 		 		 		

		 Part.	Est.	 M	 		 		 Part.	Est.	 M	
PSE	Low	Arousal		

	
608.83	

	
PSE	High	Arousal		

	
564.83	

Participant	4	 687	
	 	

Participant	4	 667	
	Participant	6	 686	

	 	
Participant	6	 461	

	Participant	21	 678	
	 	

Participant	21	 649	
	Participant	25	 560	

	 	
Participant	25	 592	

	Participant	26	 621	
	 	

Participant	26	 613	
	Participant	27	 421	

	 	
Participant	27	 407	

	
	 	 	 	 	 	 	LTE	Low	Arousal		

	
30.15	

	
LTE	High	Arousal		

	
29.28	

Participant	4	 20.50	
	 	

Participant	4	 20.20	
	Participant	6	 19.50	

	 	
Participant	6	 19.25	

	Participant	21	 45.50	
	 	

Participant	21	 41.50	
	Participant	25	 30.35	

	 	
Participant	25	 29.25	

	Participant	26	 30.00	
	 	

Participant	26	 30.00	
	Participant	27	 35.05	 		 		 Participant	27	 35.50	 		

Note.	PSE	estimates	in	ms	and	LTE	estimates	in	seconds,	for	the	six	participants	with	valid	PSE	estimates.	
(Part.	Est.=	participants’	estimates.)		

Hypothesis	 1	 was	 rejected	 because	 the	 PSE	 estimates	 were	 smaller	 than	 the	 700	ms	
reference	stimulus	 in	both	arousal	conditions.	Hypothesis	2	was	also	rejected,	because	
the	 difference	 in	 PSE	 estimates	 between	 the	 Low	 Arousal	 conditions	 and	 the	 High	
Arousal	conditions	was	not	significant	(t(5)=	1.18,	p=	.29	(2-tailed).	There	was	however	
a	trend	in	the	expected	direction,	with	a	mean	difference	(increase)	in	PSE	estimates	of	
44.0	ms	with	a	95%	confidence	interval	ranging	from	-51.65	to	139.65.	Indeed,	the	PSE	
estimates	 in	 the	 Low	 Arousal	 condition	 were	 longer	 for	 5	 out	 of	 6	 participants,	
compared	 to	 in	 the	High	Arousal	 condition.	Consistently,	 the	Eta	Square	 statistic	 (.17)	
indicated	 a	 large	 effect	 size	 for	 the	difference	between	 the	PSE	 estimates	 for	 the	 Low	
Arousal	and	High	Arousal	conditions.		
	
Hypothesis	3	
Hypothesis	 3	was	 assessed	with	 a	 descriptive	 scatterplot	 because	 there	were	 too	 few	
observations	to	perform	a	reliable	correlation.	
										The	PSE	and	LTE	estimates	are	plotted	against	each	other	in	Figures	1	and	2	(N=	6).	
Estimates	 were	 aggregated	 across	 the	 positive	 and	 negative	 valence	 in	 each	 arousal	
condition	and	divided	by	 two	(Low	Arousal=	LN+LP/2;	High	Arousal=	HN+HP/2).	The	
Neutral	 (N)	 condition	 was	 ignored.	 The	 PSE	 estimates	 in	 ms	 and	 LTE	 estimates	 in	
seconds	are	given	in	Table	2.	All	these	data	fulfilled	our	criteria	for	being	approximately	
normally	distributed	(Pallant,	2010,	see	Appendix:	Table	A1).	
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Figure	1.	Scatterplot	of	LTE	estimates	versus	PSE	estimates	in	the	Low	Arousal		
condition.	
	
		

	
Figure	2.	Scatterplot	of	LTE	estimates	versus	PSE	estimates	in	the	High	Arousal		
condition.	
	
The	 scatterplots	 indicate	 no	 consistent	 association	 and	 hypothesis	 3	 was	 therefore	
rejected.	However,	the	PSE	estimates	exhibited	a	trend	in	line	with	the	hypothesis.	With	
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respect	 to	 the	PSE	 estimates,	 they	displayed	 a	 trend	with	 longer	PSE	 estimates	 in	 the	
Low	Arousal	condition	compared	to	in	the	High	Arousal	condition.	This	trend	occurred	
for	5	out	of	6	participants.	With	 respect	 to	 the	LTE	estimates	 (N=	6)	 they	displayed	a	
similar	 trend,	with	 longer	LTE	estimates	 in	 the	Low	Arousal	condition	compared	 to	 in	
the	 High	 Arousal	 condition.	 Here	 this	 trend	 occurred	 for	 4	 out	 of	 6	 participants.	
Descriptives	of	 the	participants’	PSE	estimates	and	LTE	estimates	are	given	 in	Table	2,	
and	the	Scatterplots	of	PSE	estimates	versus	LTE	estimates	are	given	in	Figure	1	for	the	
Low	Arousal	condition	respectively	in	Figure	2	for	the	High	Arousal	condition.		
										Concerning	 the	 length	of	 the	estimates	 in	 comparison	 to	 the	 referent	 stimuli,	 the	
PSE	 estimates	 and	 the	 LTE	 estimates	 showed	 different	 tendencies.	 For	 the	 PSE	
estimates,	 all	 estimates	 both	 in	 the	 High	 Arousal	 condition	 and	 in	 the	 Low	 Arousal	
condition	were	underestimated	in	comparison	to	the	700	ms	referent	stimulus.	For	the	
LTE	 estimates	 the	 results	 varied.	 In	 the	 High	 Arousal	 condition	 3	 estimates	 were	
underestimated,	 1	 was	 on	 par,	 and	 2	 were	 overestimated	 in	 comparison	 to	 the	 30-
seconds	 referent	 stimulus.	 In	 the	 Low	 Arousal	 condition	 2	 estimates	 were	
underestimated,	 1	 was	 on	 par,	 and	 3	 were	 overestimated	 in	 comparison	 to	 the	 30-
seconds	referent	stimulus.	
	
Hypotheses	4	and	5	
For	 hypotheses	 4	 and	 5	 a	 one-way	 repeated	 measures	 ANOVA	 was	 conducted	 to	
compare	LTE	estimates	in	seconds	at	the	five	different	Valence	and	Arousal	conditions,	
plotted	 in	 Figure	 3.	 These	 conditions	were	 (1)	High	Negative	 (HN),	 (2)	 Low	Negative	
(LN),	(3)	Neutral	(N),	(4)	Low	Positive	(LP),	and	(5)	High	Negative	(HN).		
										In	order	to	validate	that	the	five	emotion	conditions	were	effective	manipulation	of	
the	participants’	experienced	emotional	states	when	watching	the	clips,	the	Valence	and	
Arousal	 estimates	 in	 the	 pre-test,	 and	 the	 Valence	 and	 Arousal	 estimates	 of	 the	
participants	 in	 the	 experiment	 were	 compared.	 As	 mentioned	 above	 (see	 Method:	
Stimulus	respectively	Method:	Procedure),	 pre-test	 ratings	 by	 6	 persons	were	made	 in	
order	 to	 measure	 whether	 the	 five	 categories	 of	 clips	 corresponded	 to	 the	 Self-
Assessment-Manikin	 (SAM),	 and	 are	 shown	 in	 Table	 3.	 The	 participants	 in	 the	
experiment	(N=	26)	also	made	ratings	of	Valence	and	Arousal	for	each	clip.	The	outcome	
of	 the	 participants’	 estimates	 is	 presented	 in	Table	4.	 The	 correspondence	 across	 the	
pre-	and	experimental	group	was	considered	sufficient	to	use	the	pre-defined	categories	
of	clips	as	an	approximate	measure	of	the	participants’	experienced	emotional	states.		
	
Table	3	

	 	 	 	 	The	Valence	LTE	estimates	and	Arousal	LTE	estimates	in	the	pre-test	 		 		
Pre-test	Valence	Estimates	 Pre-test	Arousal	Estimates	

		 M	 	SD.	 		 M	 SD.	
1.	High	Negative	(HN)	 1.22	 0.66	 1.	High	Negative	(HN)	 4.27	 1.44	
2.	Low	Negative	(LN)	 2.07	 0.47	 2.	Low	Negative	(LN)	 2.28	 4.38	
3.	Neutral	(N)	 3.08	 1.15	 3.	Neutral	(N)	 1.69	 1.96	
4.	Low	Positive	(LP)	 4.01	 1.27	 4.	Low	Positive	(LP)	 3.08	 3.58	
5.	High	Positive	(HP)	 4.22	 0.77	 5.	High	Positive	(HP)	 3.43	 .53	
Note.	The	Valence	LTE	estimates	and	the	Arousal	LTE	estimates	with	M	and	SD,	for	the	6	persons		
in	the	pre-test.	The	gradings,	loosely	based	on	SAM,	were,	for	Arousal:	1=	Low,	2=	Fairly	Low,		
3=	Medium,	4=	Fairly	High,	5=	High;	and	for	Valence:	1=	Highly	Negative,	2=	Fairly	Negative,		
3=	Neutral,	4=	Fairly	Positive,	5=	Highly	Positive.	
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Table	4	
	 	 	 	 	The	Valence	LTE	estimates	and	Arousal	LTE	estimates	in	the	experiment	 		 		

	Participants’	Valence	Estimates		 	Participants’	Arousal	Estimates		

		 M	 SD.	 		 M	 SD.	
1.	High	Negative	(HN)	 1.69	 .54	 1.	High	Negative	(HN)	 4.02	 .78	
2.	Low	Negative	(LN)	 2.49	 .44	 2.	Low	Negative	(LN)	 3.26	 .64	
3.	Neutral	(N)	 3.12	 .26	 3.	Neutral	(N)	 1.73	 .55	
4.	Low	Positive	(LP)	 3.91	 .42	 4.	Low	Positive	(LP)	 2.75	 .79	
5.	High	Positive	(HP)	 3.93	 .41	 5.	High	Positive	(HP)	 3.26	 .82	
Note.	The	Valence	LTE	estimates	and	the	Arousal	LTE	estimates,	with	M	and	SD,	for	the	26	participants		
in	the	experiment	with	valid	LTE	estimates.	The	gradings,	loosely	based	on	SAM,	were,	for	Arousal:		
1=	Low,	2=	Fairly	Low,	3=	Medium,	4=	Fairly	High,	5=	High;	and	for	Valence:	1=	Highly	Negative,		
2=	Fairly	Negative,	3=	Neutral,	4=	Fairly	Positive,	5=	Highly	Positive.		
	
The	 analysis	 of	 normal	 distribution	 (see	 Appendix:	 Table	 A2)	 revealed	 that	 the	 LTE	
estimates,	the	Valence-	and	Arousal	rating,	generated	from	the	26	participants	with	valid	
LTE	 estimates,	 was	 sufficiently	 normally	 distributed	 in	 order	 to	 use	 the	 parametric	
ANOVA	test	(Pallant,	2010).	Concerning	the	assumption	of	sphericity,	Mauchly’s	Test	of	
Sphericity	generated	a	spherical	distribution	p=	.48,	thus	indicating	that	the	variance	of	
the	 population	 difference	 scores	 were	 similar	 for	 the	 different	 Valence	 and	 Arousal	
conditions.	Also	the	observed	power	of	the	multivariate	test	was	satisfactory	(.90)	hence	
indicating	a	reliable	result	with	a	reasonably	small	risk	of	committing	a	type	1	or	type	2	
error	(Pallant,	2010).	
										Furthermore,	the	alpha	level	for	the	ANOVA	was	set	to	.05.	A	Bonferroni	correction	
was	then	made	in	order	to	prevent	the	risk	of	a	type	1	error	due	to	repeated	measures	
for	the	five	different	emotion	condition	groups.	The	result	of	the	ANOVA	was	measured	
by	Wilks’	 Lambda,	 where	 a	 significant	 result	 indicates	 that	 a	 difference	 exists	 for	 the	
model	 as	 a	whole.	That	 is,	 a	difference	between	at	 least	 two	of	 the	 emotion	 condition	
groups.	 Sheffe’s	 Post	 Hoc	 Test	 was	 then	 conducted	 in	 order	 to	 make	 pairwise-wise	
comparisons	 to	 investigate	 between	 which	 emotion	 condition	 groups	 significant	
differences	 could	be	 found.	Finally,	 effect	 size	was	measured	 in	Partial	Eta	Squared	 in	
order	to	certify	the	magnitude	of	the	differences.	According	to	Cohen	(1988,	in	Pallant,	
2010,	p.	22)	recommended	limits	for	effect	size	are	as	follows:	small=	.01,	medium=	.06,	
large=	.138.		
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Figure	3.	Mean	LTE	estimates	for	each	emotional	condition.	
	
Hypothesis	 4	 was	 confirmed	 in	 the	 sense	 that	 LTE	 estimates	 for	 all	 the	 five	 emotion	
condition	groups	were	underestimated	compared	 to	 the	30-seconds	referent	stimulus.	
Hypothesis	 5	 was	 rejected	 because	 there	 was	 no	 interaction	 effect	 of	 Valence	 and	
Arousal	at	all.		Instead	of	an	interaction	effect	between	Valence	and	Arousal,	the	ANOVA	
results	 and	 the	 following	 pairwise	 comparisons	 indicated	 that	 there	 was	 an	 effect	 of	
Arousal,	 but	 not	 of	 Valence,	 on	 the	 LTE	 estimates.	 The	 ANOVA	 indicated	 a	 significant	
moderate	effect	for	emotion	on	the	LTE	estimate	(Wilks’	Lambda=	.53,	F(4,	22)=	4.84,	p<	
.01,	Multivariate	Partial	Eta	Squared=	 .47).	However,	 significant	differences	could	only	
be	found	for	Arousal	and	not	Valence,	as	seen	in	the	pairwise	comparisons	below.		
										Planned	pairwise	comparisons	using	Sheffe’s	Post	Hoc	Test	indicated	a	significant	
difference	between	the	High	Arousal	condition	group	and	the	Neutral	emotion	condition	
group	(HN	compared	to	N:	p<	 .01;	HP	compared	to	N:	p=	 .02).	The	difference	between	
the	 two	 High	 Arousal	 condition	 groups	 was	 non-significant	 (HN	 compared	 to	 HP:	 p=	
1.00),	 as	was	 also	 the	 difference	 between	 the	 two	 Low	Arousal	 condition	 groups	 (LN	
compared	to	LP:	p=	1.00).	As	a	whole,	 this	confirmed	that	the	differences	between	the	
emotion	condition	groups	 formed	a	V-shaped	relationship,	previously	displayed	 in	 the	
descriptive	results	(see	Figure	3).	Concerning	the	differences	between	the	High	and	Low	
Arousal	condition	groups	they	were	all	non-significant	(HN	compared	to	LN,	p=	.66;	HN	
compared	to	LP,	p=	1.00;	HP	compared	to	LP,	p=	1.00;	HP	compared	to	LN	p=	1.00).	The	
differences	 between	 the	 Low	 Arousal	 condition	 groups	 and	 the	 Neutral	 emotion	
condition	group	were	also	non-significant	(LN	compared	to	N:	p=	1.00;	LP	compared	to	
group	 N:	 p=	 .22).	 Instead	 of	 the	 hypothesised	 X-formed	 relationship,	 the	 emotion	
condition	groups	formed	a	V-shaped	relationship	with	the	higher	the	Arousal	 level	the	
longer	the	duration	estimate,	as	seen	in	the	descriptive	results	in	Figure	3.	Consequently,	
the	emotion	condition	groups	 that	were	estimated	as	 longest	 in	remembered	duration	
were	the	two	High	Arousal	conditions:	High	Negative	(HN,	with	Highly	Negative	Valence	
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and	High	Arousal)	and	High	Positive	(HP,	with	High	Positive	Valence	and	High	Arousal).	
These	conditions	were	followed	by	the	two	Low	Arousal	conditions:	Low	Negative	(LN,	
with	 Fairly	Negative	Valence	 and	Medium	Arousal),	 and	Low	Positive	 (LP,	with	 Fairly	
Positive	Valence	and	Medium	Arousal).	The	emotion	condition	group	that	was	estimated	
as	 shortest	 in	 remembered	 duration	 was	 the	 Neutral	 (N)	 condition	 (not	 included	 in	
hypothesis	5,	and	with	Neutral	Valence	and	Low	Arousal).		
		
	
																																																																											Discussion	
The	aim	of	the	thesis	was	to	investigate	how	emotion,	in	terms	of	emotional	Valence	and	
Arousal,	 affected	 subjective	 time	 estimates	 of	 short	 (sub-second)	 and	 long	 (half-a-
minute)	durations.	
	
Hypotheses	1	and	2	
										The	rejection	of	hypothesis	1	goes	against	Vierordt’s	Law	(1868,	in	Block	&	Gruber,	
2014)	 and	 the	 findings	 of	 Zakay	 &	 Block	 (1997).	 This	 with	 respect	 to	 that	 the	 PSE	
estimates	 from	 both	 emotion	 conditions,	 i.e.	 High	 Arousal	 and	 Low	 Arousal,	 were	
underestimated	 compared	 to	 the	 700	 ms	 referent	 stimuli	 instead	 of	 being	
overestimated.	 This	 result	 was	 unexpected	 since	 short	 prospective	 durations	 (i.e.	 the	
PSE	 estimates)	 according	 to	 the	 theory	 and	 experiment	 data,	 are	 assumed	 to	 be	
perceived	as	“stretched	out”	and	consequently	overestimated.		
										One	 credible	 explanation	 for	 this	 inconsistent	 result	 is	 that	 the	 participants	
performed	the	discrimination	task	simultaneously	when	watching	the	clips,	and	that	the	
concurrent	 task	 situation	may	 have	 increased	 the	 cognitive	 load.	 This	 is	 of	 relevance	
since	Attention	models	 suggest	 that	 for	 prospective	 durations	 time	 is	 underestimated	
when	the	cognitive	load,	i.e.	demands	on	working	memory	and	attention,	increases.	This	
as	prospective	timing	and	cognitive	load	are	thought	to	invoke	the	same	attentional	or	
working-memory	 resources,	 resulting	 in	 a	 dual	 task	 interference	 that	 generates	 less	
resources	to	subjective	perception	of	time	(Block,	Hancock	&	Zakay,	2010).	
										Although	hypothesis	2	had	to	be	rejected	because	the	effect	was	not	significant,	it	
was	 both	 rather	 strong	 and	 in	 the	 predicted	 direction.	 Given	 that	 the	 number	 of	
participants	was	very	small,	this	test	was	underpowered	and	is	likely	to	have	confirmed	
the	 hypothesis	 if	 there	 were	 more	 participants.	 This	 trend	 is	 consistent	 with	 clock	
models,	BFT	 (Buhusi	&	Meck,	2005;	Matell	&	Meck,	2000)	and	concurrent	experiment	
data	(Droit-Volet	&	Wearden,	2002;	Meck,	1983;	Wearden,	&	Penton-Voak,	1995);	which	
claim	that,	for	short	prospective	durations,	the	higher	the	Arousal	level	the	shorter	the	
duration	estimate.	This	as	the	trend	was	that	the	PSE	data	in	the	Low	Arousal	condition	
was	overestimated	compared	to	the	PSE	data	in	the	High	Arousal	condition.	
	
					Hypothesis	3	
Hypothesis	3	also	had	 to	be	 rejected	 for	 lack	of	predicted	patterns	 in	 the	 scatterplots.	
Furthermore,	only	the	PSE	Estimates	but	not	also	the	LTE	estimates	showed	a	result	in	
line	with	the	hypothesis.	
										With	respect	to	the	PSE	Estimates,	the	trend	with	longer	PSE	Estimates	in	the	Low	
Arousal	 condition	 compared	 to	 in	 the	High	Arousal	 condition	was	 in	 accordance	with	
clock	 models,	 BFT	 and	 concurrent	 experiment	 data,	 which	 state	 that,	 for	 short	
prospective	 durations,	 the	 higher	 the	 Arousal	 level	 the	 shorter	 the	 duration	 estimate.	
With	respect	to	the	LTE	estimates	(N=	6),	however,	 the	display	of	a	similar	trend	with	
longer	 LTE	 estimates	 in	 the	 Low	 Arousal	 condition	 compared	 to	 in	 the	 High	 Arousal	
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condition	was	contrary	to	clock	models,	BFT	and	the	abovementioned	experiment	data	-
which	 suggest	 that	 the	 trend	 ought	 to	 have	 been	 the	 opposite	 with	 shorter	 LTE	
estimates	in	the	Low	Arousal	condition	compared	to	in	the	High	Arousal	condition.	This	
as	 these	 theories	 and	 data	 state	 that,	 for	 long	 retrospective	 durations,	 the	 higher	 the	
Arousal	level	the	longer	the	duration	estimate.	
										A	possible	explanation	for	the	displayed	trend	of	longer	LTE	estimates	in	the	Low	
Arousal	 condition	 compared	 to	 in	 the	 High	 Arousal	 condition	 is	 that	 the	 result	 was	
unreliable	due	to	 too	 few	observations	(N=	6).	What	speaks	 for	 this	explanation	 is	 the	
fact	that	 in	hypothesis	5	(see	Discussion:	Hypothesis	5)	the	result	 for	the	LTE	estimates	
was	 indeed	 the	opposite	 compared	 to	 in	hypothesis	3.	This	with	clear	 indications	of	a	
“simple”	Arousal	effect,	with	the	higher	the	Arousal	level	the	longer	the	LTE	estimate.	A	
trend	 that	 was	 consistent	 for	 five	 emotional	 condition	 groups	 with	 various	 levels	 of	
Arousal.	What	 further	strengthens	 this	 claim	 is	 that	 there	were	more	participants	 (N=	
26)	in	hypothesis	5	and	thereby	a	higher	reliability	for	the	result.	This	speaks	for	the	fact	
that	 hypothesis	 3	 is	 correct,	 despite	 a	 non-confirmative	 result.	 However,	 new	 studies	
with	a	greater	number	of	participants	that	allow	formal	testing	are	needed	to	verify	this	
assumed	 association	 between	 the	 PSE	 estimates	 and	 LTE	 estimates.	 That	 is,	 that	 the	
more	 the	 underestimation	 for	 the	 PSE	 estimates	 due	 to	 High	 Arousal	 the	 more	 the	
overestimation	 for	 the	LTE	estimates;	and	conversely	 the	more	 the	overestimation	 for	
the	 PSE	 estimates	 due	 to	 Low	 Arousal	 the	 more	 the	 underestimation	 for	 the	 LTE	
estimates.				
											Concerning	 the	 length	of	 the	estimates	 in	 comparison	 to	 the	 referent	 stimuli	 the	
outcome	was	not	 in	accordance	with	Vierordt’s	Law	(1868,	 in	Block	&	Gruber,	2014)	-
which	suggest	 that	short	durations	(i.e.	 the	PSE	estimates)	are	perceived	as	“stretched	
out”	 and	 consequently	 overestimated;	 and	 long	 durations	 (i.e.	 the	 LTE	 estimates)	 are	
perceived	as	“shrunken”	and	consequently	underestimated.		The	outcome	was	neither	in	
accordance	 with	 Zakay	 and	 Block’s	 (1997)	 meta-study	 findings	 -which	 indicates	 that	
prospective	 time	 estimates	 on	 average	 are	 more	 overestimated	 compared	 to	
retrospective	time	estimates.	More	precisely,	concerning	the	PSE	estimates	the	outcome	
was	reverse	 to	Vierordt’s	Law	(1868,	 in	Block	&	Gruber,	2014)	and	Zakay	and	Block’s	
findings	 in	 that	 all	 the	 PSE	 estimates	 were	 underestimated	 instead	 of	 overestimated	
compared	to	the	700	ms	referent	stimuli;	and	concerning	the	LTE	estimates	the	outcome	
was	merely	corresponding	in	half	of	the	cases	since	only	half	of	the	LTE	estimates	were	
underestimated	compared	to	the	30-seconds	referent	stimuli.	Nevertheless,	a	display	of	
Vierordt’s	 Law	 (1868,	 in	 Block	 &	 Gruber,	 2014)	 and	 the	 findings	 of	 Zakay	 and	 Block	
(1997)	for	the	LTE	estimates	could	not	be	entirely	ruled	out	due	to	the	fact	that	half	of	
the	estimates	were	indeed	underestimated.	
										A	 possible	 explanation	 for	 the	 fact	 that	 the	 PSE	 estimates	were	 underestimated,	
instead	 of	 overestimated,	 is	 owing	 to	 the	 dual	 task	 interference/attention-effect	
explained	 in	 hypothesis	 1	 (see	 Discussion:	 Hypothesis	 1).	 Furthermore,	 a	 possible	
explanation	 for	 the	 fact	 that	 only	 half,	 instead	 of	 all,	 of	 the	 LTE	 estimates	 were	
underestimated	is	owing	to	an	unreliable	result	due	to	too	few	participants	(N=	6).	What	
speaks	for	this	explanation	is	the	fact	that	in	hypothesis	4		(see	Discussion:	Hypothesis	4)	
all	LTE	estimates	were	underestimated	compared	to	the	30-seconds	referent	stimuli.	A	
result	that	can	be	considered	as	more	reliable	due	to	an	occurrence	of	more	participants	
(N=	26).		
	
					Hypothesis	4		
The	 confirming	 result	 of	 hypothesis	 4	 is	 in	 accordance	with	 Vierordt’s	 Law	 (1868,	 in	
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Block	&	Gruber,	2014)	and	the	findings	of	Zakay	and	Block	(1997)	with	respect	to	that	
the	LTE	estimates,	 from	all	emotion	conditions,	were	underestimated	compared	to	the	
30-seconds	referent	stimuli.		
										Consequently,	a	credible	explanation	for	the	underestimation	of	the	LTE	estimates	
is	due	 to	 the	 fact	 that	 the	 time	 intervals	were	of	 long	duration.	This	as	Vierordt’s	Law	
(1868,	 in	Block	&	Gruber,	2014)	states	 that	 long	durations	(i.e.	 the	LTE	estimates)	are	
perceived	as	 “shrunken”	and	consequently	underestimated.	This	explanation	 is	also	 in	
accordance	with	the	opinion	of	today’s	researchers	(Block	&	Gruber,	2014),	who	claim	
that	different	perceptual	and	cognitive	processes	are	 in	play	 for	durations	of	different	
lengths	 and	 point	 out	 several	 temporal	 “breakpoints”	 of	 importance.	 A	 breakpoint	 of	
relevance	to	this	outcome	is	“the	practically	cognized	present”	or	“the	spacious	present“	
(Block	&	Gruber,	2014).	This	since	the	30-seconds	durations	in	hypothesis	4	are	too	long	
to	 fit	 in	working	memory,	which	 has	 the	 capacity	 to	 handle	 information	 of	 about	 3-7	
seconds.	The	durations	hence	have	to	be	encoded	and	stored	 in	memory,	before	being	
collected	 to	 the	 delivering	 of	 the	 LTE	 estimates.	 During	 this	 process	 (i.e.	 encoding,	
storing	and	collecting)	 temporal	memory	distortions	are	common	(a	 fact	which	 is	also	
mentioned	 for	 the	 Memory	 Stage	 in	 the	 Internal	 Clock	 Model,	 see	 Creelman,	 1962;	
Gibbon	et	al,	1984;	Treisman,	1963).	As	expressed	by	Vierordt’s	Law	(1868,	in	Block	&	
Gruber,	 2014)	 this	 memory	 distortion	 usually	 leads	 to	 underestimation	 of	 long	
durations.		
										With	respect	to	the	similarity	with	the	findings	of	Zakay	and	Block	(1997),	another	
credible	explanation	for	the	underestimation	of	the	LTE	estimates	is	due	to	the	fact	that	
the	time	intervals	were	of	retrospective	duration.	This	as	Zakay	and	Block	(1997)	state	
that	 long	 durations	 (i.e.	 the	 LTE	 estimates)	 are	 perceived	 as	 “shortened”	 and	 are	
consequently	 underestimated.	 Zakay	 and	 Block	 maintain	 that	 prospective	 and	
retrospective	durations	 generate	 the	opposite	 effect,	with	 an	underestimated	 and	 less	
reliable	result	for	retrospective	durations.	This	because	retrospective	durations	rely	on	
temporal	information	that	is	encoded	incidentally.	This	as	the	participants	are	unaware	
of	the	fact	that	they	will	be	asked	to	deliver	a	time	estimate	until	the	interval	is	over,	and	
are	consequently	less	likely	to	pay	attention	to	the	passage	of	time	during	the	interval.	
										Finally,	an	additional	explanation	 for	 the	underestimation	of	 the	LTE	estimates	 is	
that	 there	may	 have	 been	 an	 attention	 effect	 in	 accordance	 to	 Attention	models.	 This	
since	the	retrospective	reports	were	made	over	periods	of	simultaneously	making	short	
time	interval	estimates,	i.e.	the	discrimination	task,	while	watching	the	clips.	This	dual-
task	 situation	 may	 have	 interfered	 with	 working	 memory	 resources	 involved	 in	
monitoring	time,	and	consequently	generated	a	duration	underestimation	(Block	et	al.,	
2010).	However,	according	to	Block	et	al.	(2010)	an	underestimation	due	to	an	attention	
effect	 is	 unlikely	 since	 the	 estimates	 of	 the	 durations	 in	 the	 experiment	 were	 of	
retrospective	report.	Block	et	al.	claim	that	duration	judgements	under	the	influence	of	
cognitive	 load,	 i.e.	demands	on	working	memory	and	attention,	work	in	different	ways	
depending	on	if	the	estimates	of	the	duration	are	of	prospective	or	retrospective	report.	
With	 higher	 cognitive	 load	 the	 duration	 judgement	 ratio	 decreases	 for	 prospective	
durations	and	increases	for	retrospective	durations.	According	to	Block	et	al.	(2010),	the	
task	in	the	experiment	would	consequently	have	lead	to	longer	LTE	estimates	instead	of	
shorter	ones.				
	
					Hypothesis	5	
The	 non-confirmation	 of	 hypothesis	 5	 is	 contrary	 to	 Routtenberg’s	 two-dimensional	
Arousal	hypothesis	(1968)	and	the	findings	of	Angrilli	et	al.	(1997)	with	respect	to	that	
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no	 interaction	 effect	 of	 Valence	 and	 Arousal	 could	 be	 found.	 This	 as,	 instead	 of	 an	 X-
formed	 relationship	 where,	 in	 the	 High	 Arousal	 condition,	 the	 duration	 of	 Negative	
pictures	were	 estimated	 as	 longer	 than	 the	 duration	 for	 Positive	 pictures,	 and,	 in	 the	
Low	Arousal	condition,	the	duration	of	Positive	pictures	were	estimated	as	longer	than	
the	 duration	 for	 Negative	 pictures;	 the	 emotion	 condition	 groups	 formed	 a	 V-shaped	
relationship,	where	 the	 higher	 the	Arousal	 level	 the	 longer	 the	 duration	 estimate	 (i.e.	
LTE	estimate).	Hence,	there	was	only	an	effect	of	Arousal,	but	no	effect	of	Valence.	This	
speaks	 against	 Routtenberg’s	 theory	 with	 an	 automatic	 system	 for	 High	 Arousal	
(activation)	and	a	controlled	system	for	Low	Arousal	(attention).	As	the	LTE	estimates	
were	constituted	in	the	way	that	the	higher	the	Arousal	level	the	longer	the	LTE	estimate	
there,	 instead	 of	 an	 interaction-effect	 of	 Valence	 and	 Arousal,	 seems	 to	 be	 a	 “simple”	
effect	of	Arousal	on	duration	estimates,	in	accordance	with	clock	models	and	BFT.		
										This	 explanation	 is	 strengthened	 by	 the	 fact	 that	 the	 Neutral	 condition	with	 the	
lowest	Arousal	level	(which,	however,	was	not	included	in	hypothesis	5	due	to	the	fact	
that	 Routtenberg’s	 two-dimensional	 Arousal	 hypothesis	 (1968)	 and	 the	 findings	 of	
Angrilli	 et	 al.	 (1997))	 do	 not	 include	 this	 condition)	 was	 given	 the	 shortest	 duration	
estimate.	What	further	speaks	for	an	explanation	in	favour	of	clock	models	and	BFT,	and	
against	Routtenberg’s	two-dimensional	Arousal	hypothesis	 is	 the	 fact	 that	the	emotion	
condition	 groups	with	 the	 same	 level	 of	Arousal	 (HN	and	HP	 respectively	 LN	and	LP)	
received	 similar	 LTE	 estimates.	 This	 is	 contrary	 to	 the	 outcome	 predicted	 by	
Routtenberg,	 which	 clearly	 stated	 that	 the	 same	 Arousal	 level	 (High	 Arousal	 or	 Low	
Arousal)	 would	 be	 given	 a	 different	 LTE	 estimate	 depending	 on	 what	 Valence	 level	
(Negative	or	Positive)	 it	was	combined	with.	This	 isocronic	relationship,	however,	was	
not	found	with	respect	to	Valence.	There	instead	the	emotion	condition	groups	with	the	
same	type	of	Valence	(i.e.	Negative	for	HN	and	LN	respectively	Positive	for	LP	and	HP)	
received	different	LTE	estimates,	with	a	 longer	duration	estimate	 for	 the	High	Arousal	
conditions	(HN	and	HP)	compared	to	the	Low	Arousal	conditions	(LN	and	LP).	This	as	a	
whole	indicated	a	“simple”	Arousal	effect,	in	accordance	to	clock	models	and	BFT.		
										As	aforementioned,	this	result,	with	the	higher	the	Arousal	level	the	longer	the	LTE	
estimates,	is	contrary	to	the	outcome	in	hypothesis	3,	where	the	High	Arousal	condition	
was	 estimated	 as	 shorter	 than	 the	 Low	Arousal	 condition.	 However,	 the	 fact	 that	 the	
Arousal	 effect	 here	 was	 consistent	 for	 five	 emotional	 condition	 groups	 and	 that	 the	
result	 also	 had	 higher	 reliability	 due	 to	 more	 participants	 (N=	 26	 for	 hypothesis	 5	
compared	to	N=	6	for	hypothesis	3)	strengthens	the	claim	of	a	“simple”	Arousal	effect	in	
accordance	with	clock	models	and	BFT.		
	
Conclusions		
To	summarise,	the	results	found	in	the	study	indicated	that	Arousal,	but	not	Valence,	had	
a	significant	effect	on	subjective	time	perception,	 in	accordance	to	clock	and	BFT.	This	
Arousal	 effect	 seemed	 to	 be	 credible	 both	 for	 short	 durations	 and	 long	 durations.	
However,	some	reservations	need	to	be	done	due	to	the	fact	that	the	Arousal	effect	on	
the	PSE	estimates	did	not	generate	a	significant	result.	Nevertheless,	the	large	effect	size	
in	the	predicted	direction	advocates	that	this	was	a	power	problem	caused	by	too	few	
participants,	and	not	an	indication	of	the	absence	of	an	Arousal	effect	on	short	duration	
estimates.		
										Notably,	 the	 effect	 of	 Arousal	 on	 time	 perception	 was	 reverse	 for	 the	 short	
durations	 in	 hypothesis	 2	 in	 comparison	 to	 the	 long	 durations	 in	 hypothesis	 5.	 For	
hypothesis	 2	 the	 outcome	 was:	 a	 shorter	 duration	 estimate	 (PSE	 estimate)	 for	 High	
Arousal	 compared	 to	 Low	 Arousal;	 whereas	 for	 hypothesis	 5	 the	 outcome	 was:	 the	
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higher	the	Arousal	level	the	longer	the	duration	estimate	(LTE	estimate)	-a	result	which	
included	all	five	emotion	condition	groups.	The	result	hence	reflected	the	differences	in	
the	 effect	 of	 Arousal	 on	 duration	 estimates	 between	 prospective	 and	 retrospective	
durations.	This	in	the	way	that	prospective	durations	are	experienced	(processed	online	
in	 working	 memory),	 generating	 an	 underestimation	 for	 High	 Arousal;	 whereas	
retrospective	 durations	 are	 remembered	 (collected	 from	 memory),	 generating	 an	
overestimation	 for	High	Arousal	(Buhusi	&	Meck,	2005;	Matell	&	Meck,	2000;	Zakay	&	
Block,	1997).	
										Worth	to	mention	is	that	Routtenberg’s	dual	Arousal	hypothesis	(1968)	only	could	
be	tested	for	long	durations,	i.e.	on	the	LTE	estimates	in	hypothesis	5,	and	not	for	short	
durations.	This	since	too	few	valid	PSE	estimates	were	measured	in	hypotheses	2	and	3,	
why	5	 emotion	 condition	 groups	 could	 not	 be	 applied	 for	 an	ANOVA	 in	 the	 testing	 of	
these	hypotheses.	However,	the	fact	that	there	was	no	indication	of	an	interaction	effect	
of	 Valence	 and	 Arousal	 for	 the	 LTE	 estimates	 strongly	 implies	 an	 absence	 of	 an	
interaction	 effect	 also	 for	 the	 PSE	 estimates.	 Still,	 an	 interaction	 effect	 of	 Valence	 and	
Arousal	on	short	durations	cannot	be	ruled	out,	since	it	was	not	examined.		
										Interesting,	 is	 the	 fact	 that	both	the	short	durations	(PSE)	and	the	 long	durations	
(LTE	estimates),	or	at	 least	 the	majority	of	 the	LTE	estimates	as	 seen	 in	hypothesis	4,	
were	underestimated	in	comparison	to	the	referent	stimuli.	For	the	PSE	estimates	this	
was	 unexpected,	 since	 it	 was	 contrary	 to	 Vierordt’s	 Law	 (1868,	 in	 Block	 &	 Gruber,	
2014);	 but	 for	 the	 LTE	 estimates	 it	 was	 expected,	 since	 it	 was	 in	 accordance	 with	
Vierordt’s	 Law	 -claiming	 that	 short	 prospective	 durations	 are	 overestimated	 and	 long	
retrospective	 durations	 are	 underestimated.	 However,	 in	 hypothesis	 1	 this	 outcome	
could	be	credibly	explained	by	the	Attention	Gate	Model	(Zakay	&	Block,	1995;	Zakay	&	
Block,	1996);	and	the	fact	that	the	participants	made	a	task	simultaneously	as	watching	
the	 film	 clips	 and	 hence	 diverted	 their	 attention	 away	 from	 temporal	 inspection,	
resulting	in	fewer	encoded	temporal	impressions	and	a	duration	underestimate.	
	
Caveats	and	strengths	of	the	study		
A	reliability	caveat	in	the	study	concerned	the	discrimination	task.	This	in	the	way	that	
the	five	metronome	conditions	(i.e.	the	time	intervals	within	the	metronome	pairs)	were	
typically	perceived	as	too	similar	by	the	participants,	which	was	discovered	by	the	fact	
that	the	majority	of	the	participants	in	the	first	group	reported	that	it	was	rather	difficult	
to	 discern	 any	 difference	 between	 the	 time	 intervals.	 This	mishap	 resulted	 in	 a	 large	
amount	of	guessing	on	 the	participants’	part	and	was	probably	 the	reason	 for	 the	 fact	
that	only	a	few	participants	received	valid	PSE	estimates	(6	in	total	and	only	2	for	group	
1).	 In	 order	 to	 adjust	 for	 this	mishap,	 the	 intervals	were	 adjusted	 to	 the	 double	 time	
distance	for	the	second	group.	This	doubled	the	number	of	participants	with	valid	PSE	
estimates	 in	 comparison	 to	 the	 first	 group	 (i.e.	 from	 2	 to	 4).	 However,	 despite	 this	
adjustment	 the	 participants	 in	 group	 2	 still	 reported	 that	 it	 was	 difficult	 to	 audibly	
discern	any	difference	between	the	metronome	conditions,	why	a	good	 idea	 for	 future	
research	may	be	to	use	even	greater	time	intervals.	
										Concerning	 the	 sound	 image	 of	 the	 clips,	 some	 caveats	 may	 have	 constituted	
confounding	 variables.	 One	 caveat	 concerned	 that	 the	 sound	 level	 on	 a	 few	 clips	
drowned	 the	metronome	beeps,	which	may	have	 resulted	 in	 some	miscalculations	 for	
the	 participants	 when	 performing	 the	 discrimination	 task	 on	 those	 particular	 clips.	
Another	caveat	concerned	the	fact	that	the	tempo	and	volume	of	the	sound	image	were	
not	consistent	for	all	clips,	which	may	have	resulted	in	an	erratic	 impact	on	the	Arousal	
levels.	A	 reasonable	 assumption	here	 is	 that	 a	higher	volume	and	an	 increased	 tempo	
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may	have	 generated	 an	 increase	 in	 the	Arousal	 level,	 compared	 to	 that	 of	 other	 clips.	
Improvement	for	further	studies	are	consequently	to	validate	that	the	volume	of	the	film	
clips	is	not	too	high	compared	to	the	metronome	beeps,	and	to	equalize	the	volume	and	
tempo	for	all	film	clips.	Another	possible	caveat	was	that	the	type	of	sound	varied	among	
the	 clips	 in	 the	 way	 that	 some	 clips	 contained	 music	 and	 others	 speech	 or	 “moods”,	
which	may	have	resulted	in	an	erratic	  impact	on	the	perceived	Valence	and	Arousal	of	
the	participants.	However,	on	the	positive,	all	clips	did	contain	sound,	and	to	adjust	for	
this	caveat	the	characteristics	of	the	sound	were	chosen	to	match	the	specific	categories	
of	 clips	 with	 respect	 to	 emotion	 condition	 (i.e.	 HN,	 LN,	 N,	 LP	 and	 HP).	 For	 example,	
exhilarating	music	for	the	clips	in	the	High	Positive	condition,	neutral	sounds	or	speech	
for	 the	 clips	 in	 the	 Neutral	 condition,	 and	 sinister	 moods	 for	 the	 clips	 in	 the	 High	
Negative	condition.	Notably,	was	the	fact	that	although	the	vast	difference	between	the	
sound	image	between	the	HN	and	HP	clips,	they	received	similar	Arousal	ratings	by	the	
participants	 in	 the	 experiment.	 Consequently,	 the	 fact	 that	 the	 type	 of	 sound	 varied	
among	 the	clips	does	not	appear	 to	have	caused	any	reliability	problems,	which	could	
further	be	seen	 in	 that	 the	participant	ratings	of	 the	Arousal	and	Valence	 levels	 in	 the	
experiment	corresponded	reasonably	well	with	 the	Arousal	and	Valence	ratings	 in	 the	
pre-test.	On	the	contrary,	the	fact	that	the	type	of	sound	varied	among	the	clips	seems	to	
be	considered	a	strength	and	implies	that	the	impact	of	sound	plays	an	important	part	
concerning	the	ratings	of	experienced	emotion.		
										Concerning	 the	 stimulus,	 a	 limitation	 in	 the	 study	 was	 that	 the	 clips	 were	 not	
standardized	like	the	model	IAPS,	which	somewhat	decreases	the	overall	validity	of	the	
study.	 However,	 what	 reconcile	 for	 this	 caveat	 and	 strengthens	 the	 validity,	 are	 the	
validations	 made	 by	 6	 persons	 in	 the	 pre-test;	 as	 well	 as	 the	 concordant	 data	 (with	
aspect	to	means	and	spread)	generated	by	the	26	participants	in	the	study.	
										What	further	strengthens	the	validity	of	the	stimulus	is	the	fact	that	the	clips	were	
selected	 to	match	 the	age-span	 (18-40)	of	 the	participants	 in	 the	study,	as	well	 as	 the	
fact	 that	 the	 experiment	 had	 a	 cultural	 spread	 with	 both	 clips	 and	 participants	 from	
around	the	world	(Europe,	Africa,	Asia	and	the	Middle	East).		
	
Previous	and	future	research	
To	 date,	 theoretical	 and	 experimental	 focus	 concerning	 timing	 and	 emotion	 has	
foremost	 been	 on	 short	 prospective	 durations	 and	 research	 on	 long	 retrospective	
durations	has	not	been	exanimated	in	the	same	extent.	Also	the	relation	between	short	
and	long	durations	has	been	scarcely	investigated.	This	thesis	contributes	in	filling	that	
gap.	However,	 further	research	on	those	aspects	of	emotion	and	timing	are	needed.	 In	
future	 research	 there	would	be	of	 interest	 to	 further	 investigate	perception	of	 time	 in	
clinical	 conditions	 to	 gain	 a	 better	 understanding	 of	 how	 patients	 experience	 their	
reality	 and	 how	 that	 affects	 their	 actions	 and	 interactions	 with	 people	 in	 their	
surroundings.	 Examples	 of	 conditions	 in	which	 researchers	 have	 found	 indications	 of	
that	 perception	 of	 time	 may	 be	 affected	 are	 Attention	 Deficit	 Hyperactivity	 Disorder	
(ADHD)	(Smith,	Taylor,	Warner	Rogers,	Newman,	&	Rubia,	2002;	Sonuga-Barke,	Saxton	
&	Hall,	1998;	Wu,	Xiao,	Sun,	Zou	and	Zhu,	2012;	Yang,	Chan,	Zou,	 Jing,	Mai	&	Li,	2007)	
and	Bipolar	disorder	(Ryu,	Kook,	Lee,	Ha	&	Cho,	2015).		
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Appendix	
	
	

	
Figure	A1.	The	Three	Phases	of	a	Block.		
Note	1.	Phase	1.	The	15	metronome		
beeps	at	the	beginning	of	each	block.	
	

	

																		 	

																																													 	

																																																																												 	

																																																																																																							
	 	 	 	 	 	
Note	2.	Phase	2.	Snapshots	of	the	five	clips	in	a	block.		
The	clips	constitute	the	conditions	High	Negative,		
Low	Negative,	Neutral,	Low	Positive	and	High	Positive.	
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			Note	3.	Phase	3.	The	four	questions	at	the	end	of	each	block.	
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Table	A1	
	 	 	 	 	 	 	 	 	 	Analysis	of	normal	distribution	for	PSE	estimates	and	LTE	estimates	 		 		 		

		 Skew.	 SD.	 Kurtosis	 SD.	 K-S	 D	 	Sig.	 S-W	 D	 	Sig.	
PSE	Low	Arousal	 -1.44	 .85	 1.63	 1.74	 .25	 6	 .20	 .82	 6	 .08	
PSE	High	Arousal	 -.82	 .85	 -1.27	 1.74	 .27	 6	 .20	 .87		 6	 .24	
LTE	Low	Arousal	 	.54		 .85	 .00	 1.74	 .18	 6	 .20	 .93	 6	 .59	
LTE	High	Arousal	 	.14		 .85	 -1.09	 1.74	 .19	 6	 .20	 .94	 6	 .64	
Note.	The	PSE	estimates	and	LTE	estimates,	both	concerning	the	Low	Arousal	condition	and	the	High	
Arousal	condition,	were	considered	normally	distributed.	Firstly,	the	Statistic	values	for	Skewness	(Skew.)	
&	Kurtosis	were	good	(0	to	+/-1)	to	acceptable	(+/-1	to	+/-2)	and	the	values	for	Kolmogorov-Smirnov	(K-
S)	and	Shapiro-Wilk	(S-W)	were	all	non-significant	(p	>	.05).	Furthermore,	a	visual	inspection	of	the	
Histograms	and	Q-Q-plots	confirmed	a	normal	distribution	(Pallant,	2010).	
	
Table	A2	

	 	 	 	 	 	 	 	 	 	Analysis	of	normal	distribution	for	LTE	estimates,	Valence	and	Arousal	 		 		 		
		 Skew.	 SD.		 Kurtosis	 SD.	 K-S	 D	 	Sig.	 S-W	 D	 	Sig.	
LTE.	

	 	 	 	 	 	 	 	 	 	High	Negative	 .21	 .46	 -.99	 .89	 .14	 26	 .20	 .96	 26	 .32	
High	Positive	 .42	 .46	 -.68	 .89	 .12	 26	 .20	 .95	 26	 .23	
Low	Negative	 .39	 .46	 -.92	 .89	 .16	 26	 .08	 .95	 26	 .20	
Low	Positive	 .58	 .46	 -.15	 .89	 .13	 26	 .20	 .96	 26	 .41	
Neutral	 .47	 .46	 -.18	 .89	 .15	 26	 .15	 .96	 26	 .40	

	 	 	 	 	 	 	 	 	 	 	Valence	
	 	 	 	 	 	 	 	 	 	High	Negative	 .90	 .46	 .50	 .89	 .11	 26	 .20	 .92	 26	 .06	

High	Positive	 -.23	 .46	 .25	 .89	 .11	 26	 .20	 .98	 26	 .90	
Low	Negative	 .70	 .46	 -.20	 .89	 .17	 26	 .05	 .94	 26	 .12	
Low	Positive	 -.86	 .46	 1.52	 .89	 .13	 26	 .20	 .94	 26	 .13	
Neutral	 -.41	 .46	 .14	 .89	 .12	 26	 .20	 .96	 26	 .32	

	 	 	 	 	 	 	 	 	 	 	Arousal	
	 	 	 	 	 	 	 	 	 	High	Negative	 -1.39	 .46	 1.99	 .89	 .21	 26	 .01	 .86	 26	 .00	

High	Positive	 -.13	 .46	 -.38	 .89	 .09	 26	 .20	 .99	 26	 .98	
Low	Negative	 -.97	 .46	 1.17	 .89	 .15	 26	 .13	 .93	 26	 .07	
Low	Positive	 -.13	 .46	 -.13	 .89	 .08	 26	 .20	 .99	 26	 .98	
Neutral	 .70	 .46	 .16	 .89	 .13	 26	 .20	 .94	 26	 .15	
Note.	The	data,	concerning	LTE	estimate,	Valence	and	Arousal,	was	considered	sufficiently	normally	
distributed	in	order	to	use	the	parametric	ANOVA-test.	Firstly,	the	Statistic	values	for	Skewness	(Skew.)	&	
Kurtosis	were	good	(0	to	+/-1)	in	nearly	all	cases	and	acceptable	(+/-1	to	+/-2)	for	the	remaining	ones.	
Furthermore,	the	values	for	Kolmogorov-Smirnov	(K-S)	and	Shapiro-Wilk	(S-W)	were	non-significant	(p>	
.05)	in	nearly	all	cases.	Finally,	a	visual	inspection	of	the	Histograms	and	Q-Q-plots	confirmed	a	normal	
distribution	(Pallant,	2010).	
	


