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AbstrAct

Since the beginning of experimental studies in psychology, there has been a keen interest in analyzing 
the factors that distort our perception of time as human beings. The manipulation of emotional or/
and motivational states has been critical to understanding how an individual’s perception of time 
changes. However, experimental studies to date have been highly diverse in their procedures and 
the instruments used to measure such perceptions. This paper proposes a systematic review of the 
topic in question. The main aim of this work is to describe and compare different experimental 
studies conducted with adults. After a rigorous selection of search terms introduced in each database, 
inclusion criteria were applied, while one article was added through citation search. A total of 17 
articles with 26 experimental studies were analyzed. The results were discussed, and further research 
should be advanced.
Key words: time perception, passage of time, emotion, motivation, systematic review.
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The perception of time has been a subject of interest in psychology since the 
beginning of experimental psychology in the XIX century. For instance, Vierordt (1868) 
and his students were pioneers in conducting different experiments on the discrimination 
of short and long-time intervals. Their results indicated that an individual is more 
likely to perceive short intervals as longer while long intervals as shorter than they 
are (Lejeune & Wearden, 2009). These studies seem to be the first evidence of time 
perception. Later on, four methods to measure time perception were developed from 
Vierodt’s studies (Wearden, 2016): Reproduction, Production, Comparison, and Verbal 
Estimation. In the Reproduction method, auditory or visual stimuli are presented in a 
specific interval, and the participant is asked to reproduce the previous interval. For 
example, an instructor taps twice on a table, and the participant taps the third time. The 
interval between the second and third tap should have the same duration as the interval 
between the first and second tap (Boltz, 1994; Bausenhart, Dyjas, & Ulrich, 2014; Jones 
& Wearden, 2003). In the Production method, participants are asked to carry out an 
action on a specific time. For example, the instructor tells the participant to press a 
key for 30 seconds (Fortin & Breton, 1995; Tamm, Uusberg, Allik, & Kreegipuu, 2014; 
Wearden & McShane, 1988). In the Comparison method, participants go on a training 
phase and then a test phase. In the training phase, the participant learns to discriminate 
between a short interval (400ms) and a long interval (1600ms). Subsequently, in the 
test phase, the participant has to classify different intervals as short (e.g., 600 ms) or 
long (1600 ms), among others (Allan & Gibbon, 1991; Brown, McCormack, Smith, & 

Novelty and Significance
What is already known about the topic?

• A number of experimental studies have been conducted on the impact of emotions on time perception. 
• Some literature reviews exist, but a systematic review has not been carried out to date.

What this paper adds?

• A systematic review of human experimental studies about the influence of emotion on time perception.
• Analysis of perceptual measurement procedures that do not use millisecond interval discrimination tasks.
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Stewart, 2005; Church & Deluty, 1977; Kopec & Brody, 2010). Finally, in the Verbal 
Estimation method, participants must indicate how much time has elapsed in a given 
interval. For instance, after experiencing an interval of unknown duration, the participant 
stated that it was 20 minutes long (Bell, 1975; Boltz, 1993; Franssen & Vandierendonck, 
2002). Each of the above four methods has used different types of intervals. Usually, 
tasks involving the comparison methods use intervals of milliseconds (Allan & Gibbon, 
1991; Wearden, 1992). However, experiments involving the estimation method have 
used longer and more varied intervals, ranging from five minutes to an hour (Meade, 
1963; Schönbach, 1959; Vohs & Schmeichel, 2003). Depending on the method used, 
the instructions given to the participant about the aim of the study were different. In 
the comparison method, for instance, the participant is aware that s/he asked about 
time perception. In contrast, when using an estimation method, the participant does 
not necessarily know the aim of what s/he is being asked until s/he is being asked 
about it. In this regard, Hicks, Miller, and Kinsbourne (1976) divided the measurement 
methods into two categories: Prospective, in which the participant is informed that the 
study aims to measure the perception of time; and Retrospective, where the participant 
is not informed about the aim of the study.

Beyond the key concepts related to the measurement of time perception already 
described, it is necessary to consider the conditions under which behavior occurs. More 
specifically, the context of the motivational and emotional responses involved when 
doing any particular activity and the present factors. In this regard, over the years, 
time perception has been measured using different types of tasks. For instance, studies 
where motivational and emotional factors were considered somehow (Angrilli, Cherubini, 
Pavese, & Manfredini, 1997; Droit-Volet, Brunot, & Niedenthal, 2004; Gil, Neidenthal, 
& Droit-Volet, 2007; Meade, 1959), or those related to attention responses (Böhmelt, 
Schell, & Dawson, 1999; Fortin & Rousseau, 1987; Im & Varma, 2018; Tamm et alia, 
2014; Zhang, Liu, Wang, Chen, & Luo, 2014). 

Most experimental studies on attention responses have not measured or even 
considered the emotional and motivational responses (Brown, 1985; Thomas & Weaver, 
1975; Wearden & Towse, 1994). However, as in any other behavior, emotions play a 
relevant role in the behavior of time perception. In other words, the impact of different 
emotional responses while performing an attention task might result not only in different 
performance in such a task but also in different estimations of time and different 
sensations or judgements about how slowly or quickly time has passed. For example, 
Charlotte spends the entire morning working as a receptionist, doing tasks that she finds 
boring. At the end of the morning, she mentions to her colleagues that the morning went 
by very slowly. However, the next day, her boss tells her he is raising her salary and 
changing her assigned tasks for more fulfilling ones. At the end of the working day, 
Charlotte mentions that she has been doing good work and that she would have liked to 
have more time to spend on her new tasks, as the hours went by quickly. Accordingly, 
experimental studies addressing time perception should consider several factors that are 
part of any instance of behavior, such as the emotional and motivational states involved 
in doing any specific task, even when said task is simply guessing how much time has 
passed. A further complication is that experimental studies should follow the track of 
individual behavior instead of the average responses provided by different people. In 
this way, any given behavior is in the context of the individual history of that person. 
Therefore, all these significant challenges must be kept in mind when reviewing the 
studies carried out to date on the topic of relating emotion and time perception.
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There is a large line of research regarding the interaction between emotion and 
time perception. Most of these research articles have used comparison methods and 
time intervals shorter than 2 seconds. This has been the case in the studies conducted 
during the last 20 years by Droit-Volet and her collaborators as perhaps one of the 
most frequent groups in analyzing time perception (e.g., Chambon, Gil, Niedenthal, 
& Droit-Volet, 2005; Cocenas-Silva, Bueno, & Droit-Volet, 2012; Droit-Volet, 2016; 
Droit-Volet, Brunot, & Niedenthal, 2004; Droit-Volet, Bigand, Ramos, & Bueno, 2010; 
Droit-Volet & Coull, 2015; Droit-Volet, Fayolle, & Gil, 2011, 2016; Droit-Volet & Gil, 
2016; Droit-Volet, Lamotte, & Izaute, 2015; Droit-Volet, Mermillod, Cocenas-Silva & 
Gil, 2010; Effron, Niedenthal, Gil, & Droit-Volet, 2006; Fayolle, Droit-Volet, & Gil, 
2014; Fayolle, Gil, & Droit-Volet, 2015; Gil, Niedenthal, & Droit-Volet, 2007; Gil & 
Droit-Volet, 2011, 2012; Gil, Rousset, & Droit-Volet, 2009; Grommet, Droit-Volet, Gil, 
Hemmes, Baker, & Brown, 2011; Mondillon, Niedenthal, Gil, & Droit-Volet, 2007). 
Other authors have followed the same system, as was the case with Baccarani, Grondin, 
Laflamme, & Brochard (2021); Gable & Poole (2012); Gagnon, Bégin, Laflamme, & 
Grondin (2018); Grommet, Hemmes, & Brown (2019); Kliegl, Watrin, & Huckauf 
(2015); Tipples (2008); Nicol, Tanner, & Clarke (2013); Tomas & Španić (2016); Van 
Elk & Rotteveel (2019); Weng, Wang, Zhang, Wang, & Luo (2021); Zhang, Zhang, Yu, 
Liu, & Luo (2017). 

One might think that studies on time perception, even when researchers belong 
to the same group or collaborate, might give some common factors so that a general 
conclusion might be formulated. Nevertheless, it seems difficult to reach a general 
conclusion through all these studies because the differences among them (e.g., in the 
manipulation of emotional responding, the type of task used, or the way that time 
perception is measured) establish a differential context for each of them. For instance, 
the reviews by Wearden (2016) conclude that the impact of task manipulation was 
usually minimal, meaning that time perception hardly changes except when stimuli 
apparently devoted to inducing aversive emotions (such as sadness, pain, or anger) were 
implemented. High variability among procedures, measures, and, consequently, results 
were also detected. Other reviews have been oriented to detect the correlations between 
time perception and specific emotional states in clinical and non-clinical populations 
(Droit-Volet, Fayolle, Lamotte, & Gil, 2013; Gable, Wilhelm, & Poole, 2022). The same 
pattern of variability in procedures, measures, and results was detected in the previous 
reviews. However, no systematic review of the relation between emotional responses and 
time perception has been conducted. This article aims to fulfill this gap by describing 
and comparing the procedures and results of time perception papers with the following 
criteria: (a) studies in which the individual’s motivation has been manipulated as well 
as has been measured; (b) studies that have used intervals longer than one minute, and 
(c) studies conducted with non-clinical population and without taking any drugs or 
medications during the experiment.

Method

Search Strategy and Criteria Selection
 
A systematic search was carried out using three databases: ISI Web of Knowledge 

(Web of Science), Psychology Database ProQuest, and Scopus, following the guidelines 
of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; 
Page et alia, 2021). The key terms were introduced using the operators AND, OR 
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and NOT as follows: “time perception” OR “passage of time” AND “motivation” OR 
“emotion” NOT (“animals”) NOT (“children” OR “adolescents”) NOT (“drugs” OR 
“substance abuse” OR “medications” OR “pharmacological agents”) NOT (“mental 
illness” OR “mental disorder” OR “disorder patient” OR “mental disability” OR “patients” 
OR “clinical”). These terms were introduced in English, and the filter title, abstract, 
and keywords fields were used (except in the case of Psychology Database ProQuest, 
in which the search was conducted in the abstract field). Furthermore, the sub-area of 
psychology was added to these search criteria.

Due to the large number of studies found, the following specific inclusion criteria 
were applied: (1) experimental studies with at least one manipulation of the participant’s 
emotional and motivational state; (2) measurement of time perception after the emotional 
state manipulation; (3) intervals of more than 1 minute; (4) no clinical adult population 
(over or equal to 18 years old); (5) participants were not under the influence of any 
drugs or medication during the experimental task.

Study Selection

Once the search terms were introduced into the databases, 680 papers were 
identified (see Figure 1). Then, the duplicates were removed, leaving 510 papers. A 
total of 14 out of 510 papers were excluded for these reasons: (a) the complexity of 
translating two articles from Japanese (2 out of 14 papers); (b) the entire article could 
not be found (12 out of 14 papers). Therefore, the inclusion criteria were applied to 
496 papers, and the sample was reduced to 16. Additionally, one article identified 
by the citation search met the inclusion criteria and was added, making a total of 17 
articles. These 17 papers resulted in 29 experimental studies, of which 26 studies met 
the inclusion criteria and constituted the final sample of this review.

Figure 1. Diagram following PRISMA indications (Page et alia, 2021).

Database research:
• Scopus
• Web of Science 
• Psychology Database ProQuest 

Duplicated papers removed 

Inclusion criteria: 
• Experimental studies 
• Measurement of time perception
• Intervals 
• No clinical adult population
• No drugs or medication

Papers remained (16)

Papers identified (680)

Papers remained (510)

Final sample: 17 papers with 26 studies  Paper identified by 
citation research (1)

Japanese papers removed Papers remained (508)

Not found papers removed Papers remained (496)
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results

A summary of 17 articles with 26 experimental studies is described below. All 
these experiments coincided in measuring time perception using estimation methods 
with or without judgements of the passage of time (the participant’s sensation of time 
passing faster or slower). All the information analyzed is described in Table 1 as follows: 
Article columnn, which involves the citation of the articles (those articles containing 
more than one experimental study were specified with an ordinal number at the end), 
Prospective “P” and/or Retrospective “R” method, the number of participants “N,” and 
a symbol “*” when participants were instructed not to have clocks available during the 
performance of the experimental task; Aim column, the purpose of the study; Design/
Manipulation column, inter-subject and/or intra-subject design, and how motivation 
and emotion were manipulated; Time Task column, the type of task used to measure 
time perception and intervals; Procedure column, the process that was followed in the 
experiment; and Results column, a summary of the findings according to experimental 
conditions.

The relevant results of Table 1 are summarized as follows. First, regarding the 
instruction given to the participants, 16 out of 26 studies explicitly stated that participants 
were instructed not to have contact with clocks during the experiment. Second, concerning 
the Prospective and/or Retrospective method, 18 out of 26 studies were Retrospective, 
4 studies were Prospective, 2 studies used both, and 2 studies without specifying if 
a Prospective or Retrospective method was used; Third, in terms of the design, most 
studies (17 out of 26) used inter-subject designs, 5 studies used intra-subject, and 4 
studies used both. Fourth, there was a high level of variability concerning emotional and 
motivational manipulations and the type of task used. Fifth, all studies used the time 
estimation method with or without time judgement, with different intervals (from less 
than two minutes to one hour). Sixth, 23 out of 26 studies specified in their procedure 
that participants were asked about their emotional and motivational state during or after 
the experimental task, and 17 out of those studies specified the exact or approximate 
number of participants who matched the expected emotional state for such manipulation. 
Seventh, the time perception results showed considerable variability since, as mentioned, 
the type of emotional manipulation changes greatly from one study to another, as well 
as the intervals. 

Due to the great diversity of emotional and motivational manipulations, task 
types, and outcomes, a new classification of experimental conditions was carried out. 
This classification was done following two steps. First, those studies (17 out of 26) that 
specified how many participants met the expected emotional state for that experimental 
condition were selected. In other words, for how many participants the experimental 
manipulation worked. Second, a total of 23 out of 62 experimental conditions (from 
17 studies) met the criteria to be classified in one of the following three emotional 
response categories: (+) those conditions in which participants rated their emotional 
state as pleasant,  fun, or satisfied (during or after performing the task), or in which 
participants were making good progress during the experimental task; (-) conditions in 
which participants reported themselves as anxious, sad, frustrated or in pain (during or 
after performing the task), or in which participants did not make any progress during 
the experimental task or were private about something that they wanted to obtain; (q) 
conditions described in (-) but in this case, it involves only those conditions in which 
Participants have been instructed to link the experimental task with a specific aim (e.g., 
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rf
or

m
ed

 a
 p

uz
zl

e 
to

 
ob

ta
in

 a
no

th
er

 m
ea

su
re

 
of

 ti
m

e 
es

tim
at

io
n.

 

St
ep

 1
. A

 d
el

ay
 is

 a
nn

ou
nc

ed
 d

ue
 to

 p
re

pa
ra

tio
ns

 (w
ai

tin
g 

ro
om

). 
 

St
ep

 2
. A

fte
r 1

3-
m

in
ut

e,
 P

ar
tic

ip
an

ts
 a

ns
w

er
ed

: (
a)

 e
st

im
at

e 
th

e 
le

ng
th

 o
f 

de
la

y 
pe

rio
d 

an
d 

in
di

ca
tin

g 
ho

w
 sl

ow
ly

 o
r r

ap
id

ly
 ti

m
e 

pa
ss

ed
; (

b)
 h

ow
 

m
uc

h 
lik

ed
 th

e 
ra

tin
g 

ta
sk

 o
r n

o 
st

im
ul

at
io

n 
co

nd
iti

on
; (

c)
 h

ow
 m

uc
h 

th
ou

gh
t a

bo
ut

 fo
od

; (
d)

 h
ow

 st
ro

ng
 d

es
ire

d 
to

 st
ar

t; 
(e

) h
ow

 m
uc

h 
hu

ng
ry

 th
ey

 w
er

e.
 

St
ep

 3
. A

pp
et

iz
in

g 
ar

ra
ng

em
en

t o
f f

ou
r c

oo
ki

es
 A

, B
, C

, a
nd

 D
, t

en
 p

ie
ce

s 
of

 e
ac

h 
ty

pe
, a

nd
 a

 d
rin

k,
 w

ha
te

ve
r P

ar
tic

ip
an

t h
ad

 c
ho

se
n 

pr
ev

io
us

ly
. 

Pa
rti

ci
pa

nt
s a

te
 a

nd
 d

ra
nk

 a
s m

uc
h 

as
 th

ey
 w

an
te

d 
to

. 
St

ep
 4

. P
ar

tic
ip

an
ts

 in
di

ca
te

 h
ow

 th
ey

 li
ke

d 
A

, B
, C

, a
nd

 D
 c

oo
ki

es
 o

n 
ra

tin
g 

sc
al

es
. 

St
ep

 5
. P

ar
tic

ip
an

ts
 p

la
y 

w
ith

 a
 p

eg
bo

ar
d 

pu
zz

le
 a

lo
ne

 fo
r 1

3 
m

in
. 

St
ep

 6
. P

ar
tic

ip
an

ts
 e

st
im

at
e 

tim
e 

sp
en

t d
oi

ng
 p

uz
zl

e:
 a

) h
ow

 sl
ow

ly
 o

r 
ra

pi
dl

y 
tim

e 
pa

ss
ed

; b
) h

ow
 m

uc
h 

lik
ed

 w
or

ki
ng

 o
n 

pu
zz

le
. 

- F
oo

d 
im

ag
es

 (c
on

di
tio

ns
 R

) i
nc

re
as

ed
 

th
e 

de
si

re
 to

 ta
st

e 
fr

om
 L

N
 a

nd
 H

N
 

co
nd

iti
on

s. 
Fo

od
 im

ag
es

 d
id

 n
ot

 
af

fe
ct

 h
un

ge
r i

n 
LN

. 
- I

n 
al

l c
on

di
tio

ns
, t

im
e 

w
as

 
un

de
re

st
im

at
ed

. P
ar

tic
ip

an
ts

 in
 R

 
co

nd
iti

on
s g

av
e 

an
 e

st
im

at
io

n 
cl

os
er

 
to

 th
e 

re
al

 in
te

rv
al

. 
- T

im
e 

el
ap

se
s m

or
e 

sl
ow

ly
 in

 th
e 

H
N

-
R

 c
on

di
tio

n 
th

an
 in

 th
e 

ot
he

rs
. 

- N
o 

da
ta

 o
n 

tim
e 

es
tim

at
io

n 
du

rin
g 

pu
zz

le
 ta

sk
. 

Schönbach (1959)* 2nd 
R, N= 34 

W
he

th
er

 th
e 

ch
an

ge
 o

f 
ac

tiv
ity

 v
ar

ie
d 

tim
e 

pe
rc

ep
tio

n.
 

In
te

r-
su

bj
ec

t /
 P

ar
tic

ip
an

ts
 ra

te
d 

ac
co

rd
in

g 
to

 h
ow

 
m

uc
h 

th
ey

 li
ke

d 
th

e 
fo

llo
w

in
g:

 
R

el
ev

an
t (

R
): 

 th
e 

di
ff

er
en

t s
ec

tio
ns

 o
f a

 fa
sh

io
n 

bo
ok

 
w

ith
 im

ag
es

 o
f d

re
ss

es
 a

nd
 th

e 
la

te
st

 fa
sh

io
n 

cl
ot

he
s. 

Ir
re

le
va

nt
 (I

): 
th

e 
di

ff
er

en
t s

ec
tio

ns
 o

f a
 c

oo
kb

oo
k 

w
ith

 
im

ag
es

 o
f d

es
se

rts
, c

ak
es

, a
nd

 o
th

er
 si

m
ila

r i
te

m
s. 

• 
R

 
• 

I 

O
ne

 1
3-

m
in

ut
e 

ta
sk

: 
Pa

rti
ci

pa
nt

s s
co

re
d 

ho
w

 
m

uc
h 

th
ey

 li
ke

d 
th

e 
di

ff
er

en
t i

m
ag

es
. 

 S
te

p 
1.

 P
ar

tic
ip

an
ts

 re
ce

iv
ed

 th
e 

in
fo

rm
at

io
n:

 th
e 

m
aj

or
 fa

sh
io

n 
ho

us
es

 in
 E

ur
op

e 
an

d 
A

m
er

ic
a 

ha
d 

de
ci

de
d 

to
 sp

on
so

r t
hi

s s
tu

dy
 

on
 th

e 
ta

st
es

 a
nd

 p
re

fe
re

nc
es

 o
f w

om
en

 in
 fa

sh
io

n.
 

St
ep

 2
. A

 re
pr

es
en

ta
tiv

e 
of

 th
e 

Pa
ris

ia
n 

fa
sh

io
n 

w
or

ld
 w

as
 in

tro
du

ce
d.

 
H

er
 ta

sk
 w

ou
ld

 b
e 

to
 e

xa
m

in
e 

dr
es

se
s f

or
 a

s l
on

g 
as

 sh
e 

w
is

he
s 

an
d 

fil
l i

n 
a 

sh
or

t q
ue

st
io

nn
ai

re
 to

 in
di

ca
te

 h
er

 p
re

fe
re

nc
es

.  
St

ep
 3

. E
xp

er
im

en
te

r m
en

tio
ne

d 
a 

de
la

y 
du

e 
to

 so
m

e 
pr

ep
ar

at
io

ns
. H

e 
as

ke
d 

Pa
rti

ci
pa

nt
s t

o 
ra

te
 fa

sh
io

n 
de

si
gn

s (
R

) o
r o

th
er

 re
ci

pe
s (

I)
. 

St
ep

 4
. P

ar
tic

ip
an

ts
 h

ad
 to

 in
di

ca
te

: (
a)

 th
e 

le
ng

th
 o

f t
he

 la
st

 p
er

io
d 

an
d 

to
 in

di
ca

te
 it

 o
n 

a 
ra

tin
g 

sc
al

e;
 (b

) h
ow

 m
uc

h 
th

ey
 li

ke
d 

th
e 

ra
tin

g 
ta

sk
; (

c)
 h

ow
 m

uc
h 

th
ey

 th
ou

gh
t a

bo
ut

 fa
sh

io
n;

 (d
) h

ow
 

st
ro

ng
 w

as
 h

er
 d

es
ire

 to
 st

ar
t e

xa
m

in
in

g 
dr

es
se

s;
 (e

) h
ow

 m
an

y 
ho

ur
s s

he
 w

ou
ld

 b
e 

ab
le

 to
 sp

en
d 

on
 o

th
er

 fa
sh

io
n 

sh
ow

s. 

- S
co

rin
g 

of
 th

e 
re

ci
pe

s w
as

 le
ss

 li
ke

d 
th

an
 th

e 
fa

sh
io

n 
de

si
gn

s. 
D

iff
er

en
ce

 
be

tw
ee

n 
R

 a
nd

 I 
co

nd
iti

on
s i

s 
si

gn
ifi

ca
nt

 si
nc

e 
Pa

rti
ci

pa
nt

s l
oo

ke
d 

fo
rw

ar
d 

to
 se

ei
ng

 fa
sh

io
na

bl
e 

cl
ot

he
s. 

- R
at

in
g 

of
 th

e 
re

ci
pe

s d
is

tra
ct

ed
 th

em
 

fr
om

 th
in

ki
ng

 a
bo

ut
 th

e 
pr

om
is

ed
 

fa
sh

io
n 

sh
ow

 th
at

 a
w

ai
te

d 
th

em
. 

- P
ar

tic
ip

an
ts

 in
 c

on
di

tio
n 

I g
av

e 
lo

w
er

 
tim

e 
es

tim
at

es
 th

an
 th

os
e 

in
 R

. 

Meade (1963)* 
 R, N= 160 

Im
pa

ct
 o

f p
ai

n 
du

rin
g 

ta
sk

 
pe

rf
or

m
an

ce
 o

n 
tim

e 
pe

rc
ep

tio
n.

 

In
te

r-
su

bj
ec

t  
- T

he
 im

po
rta

nc
e 

of
 th

e 
ta

sk
: 

H
ig

h 
M

ot
iv

at
io

n 
(H

M
) P

ar
tic

ip
an

ts
 in

st
ru

ct
ed

 th
at

 
m

az
e's

 o
ut

co
m

e 
re

fle
ct

ed
 th

ei
r i

nt
el

lig
en

ce
. 

Lo
w

 M
ot

iv
at

io
n 

(L
M

) m
az

e's
 o

ut
co

m
e 

w
as

 
un

im
po

rta
nt

.  
- R

at
e 

of
 p

ro
gr

es
s:

 
Sl

ow
 (S

) P
ar

tic
ip

an
ts

 re
ce

iv
ed

 sc
or

es
 in

di
ca

te
d 

th
ey

 h
ad

 a
dv

an
ce

d 
on

e/
no

 re
gi

on
 p

er
 tr

ia
l. 

Fa
st

 (F
) S

co
re

s i
nd

ic
at

ed
 th

at
 th

ey
 a

dv
an

ce
d 

on
e 

or
 m

or
e 

re
gi

on
s. 

16
 c

on
di

tio
ns

 
w

ith
 d

iff
er

en
t 

in
te

rv
al

s:
 

• 
H

M
-F

 
• 

H
M

-S
 

• 
LM

-F
  

• 
LM

-S
 

Tw
o 

ta
sk

s w
ith

 4
 

di
ff

er
en

t i
nt

er
va

ls
 (1

5,
 

30
, 4

5,
 a

nd
 6

0 
m

): 
Ta

sk
 1

: P
ar

tic
ip

an
ts

 
co

m
pl

et
e 

ac
hi

ev
em

en
t 

te
st

. 
Ta

sk
 2

: P
ar

tic
ip

an
ts

 m
ak

e 
a 

m
az

e.
 

St
ep

 1
. P

ar
tic

ip
an

ts
 w

as
 re

qu
ire

d 
to

 d
o 

an
 a

ch
ie

ve
m

en
t t

es
t (

th
e 

du
ra

tio
n 

to
 c

om
pl

et
e 

it 
w

as
 th

e 
sa

m
e 

in
te

rv
al

 a
s t

he
 m

az
e)

. 
St

ep
 2

. E
ac

h 
pa

rti
ci

pa
nt

 re
ce

iv
ed

 in
st

ru
ct

io
ns

 a
cc

or
di

ng
 to

 th
ei

r 
ex

pe
rim

en
ta

l c
on

di
tio

n.
 A

ll 
pa

rti
ci

pa
nt

s h
ad

 1
2 

tri
al

s, 
ea

ch
 fo

llo
w

ed
 

by
 a

 re
st

-p
au

se
. 

St
ep

 3
. D

ur
in

g 
re

st
 p

er
io

d,
 E

xp
er

im
en

te
r g

av
e 

Pa
rti

ci
pa

nt
 h

is
 sc

or
e 

fo
r 

th
at

 tr
ia

l. 
St

ep
 4

. A
t t

he
 e

nd
 o

f 1
2 

tri
al

s, 
Pa

rti
ci

pa
nt

s h
ad

 to
 a

ns
w

er
 th

e 
qu

es
tio

ns
: 

(a
) o

n 
w

hi
ch

 o
ne

 d
id

 th
ey

 th
in

k 
th

ey
 w

er
e 

w
or

ki
ng

 th
e 

lo
ng

er
; (

b)
 

H
ow

 lo
ng

 th
ey

 w
er

e 
do

in
g 

th
e 

m
az

e 
(ti

m
e 

es
tim

at
io

n)
; (

c)
 F

ee
lin

gs
 

ab
ou

t t
he

 m
az

e.
 

- P
ar

tic
ip

an
ts

 in
 H

M
-F

 p
ro

vi
de

d 
hi

gh
er

 u
nd

er
es

tim
at

io
n 

th
an

 in
 

LM
-S

, i
n 

in
te

rv
al

s 1
5 

an
d 

30
m

. 
- I

n 
LM

-S
, m

os
t o

f P
ar

tic
ip

an
ts

 
ov

er
es

tim
at

ed
 in

 a
ll 

in
te

rv
al

s. 
-  

N
o 

re
su

lts
 sh

ow
 h

ow
 sl

ow
ly

 o
r 

qu
ic

kl
y 

Pa
rti

ci
pa

nt
s p

as
se

d 
th

e 
tim

e.
 

N
ot
es

: *
= 

Th
e 

st
ud

y 
de

ta
ils

 in
st

ru
ct

io
ns

 fo
r e

ns
ur

in
g 

th
at

 p
ar

tic
ip

an
ts

 d
o 

no
t h

av
e 

cl
oc

ks
 a

va
ila

bl
e 

du
rin

g 
ex

pe
rim

en
ta

l t
as

ks
; m

= 
m

in
ut

es
; N

= 
nu

m
be

r o
f p

ar
tic

ip
an

ts
; P

= 
pr

os
pe

ct
iv

e 
in

st
ru

ct
io

ns
; R

= 
re

tro
sp

ec
tiv

e 
in

st
ru

ct
io

ns
; s

= 
se

co
nd

s. 
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Table 1 (continuation). Sum

m
ary of review

ed studies. For each article it is detailed the m
ain objective (A

im
); type of design and experim

ental m
anipulations (D

esign/M
anipulation); a list of experim

ental conditions (C
onditions); intervals and 

type of task used (Tim
e tasks); the m

ain steps throughout the study (Procedure); m
ain results reported (R

esults) . 
A

rticle 
A

im
 

D
esign/M

anipulation 
C

onditions 
Tim

e Tasks 
Procedure 

R
esults 

Meade (1966a)* 
R, N= 80 

R
elation 

betw
een 

progress, needs, 
and tim

e 
perception. 

Inter-subject 
- A

chievem
ent test to select Participants 

H
igh N

eeds (H
N

): H
igh score. 

Low
 N

eeds (LN
): Low

 score.  
- The sam

e as M
eade (1963)  

• H
N

-F  
• H

N
-S  

• LN
-F 

• LN
-S 

Sim
ilar to M

eade 
(1963) w

ith tw
o 15m

 
tasks. 

Sim
ilar to M

eade (1963). 

- The F condition had a shorter tim
e 

estim
ate than the S group. 

- H
aving H

N
 or LN

 correlates 
significantly w

ith feelings of 
progress and estim

ation results. 

Meade (1966b) 
R, N= 60 

Im
pact of 

negative 
progress on 
tim

e perception. 

Inter-subject 
R

ate of progress: 
 Forw

ard (F): Participants had to advance one or tw
o 

regions tow
ard the goal after each trial. 

Zero (Z): Participants had to m
ove either one region 

forw
ard or backw

ard or not to m
ove. 

B
ackw

ard (B
): Participants had to m

ove one or tw
o 

regions further aw
ay from

 the goal after each trial.  12 conditions 
w

ith different 
intervals: 
   • F 
   • Z 
   • B

 

Sim
ilar to M

eade (1963). 
Sim

ilar to M
eade (1963) adapted the instructions for step 2 according 

to these new
 conditions. 

For all tim
e intervals, Participants 

show
ed longer estim

ates w
hen 

neither m
oving forw

ard nor 
backw

ard (zero progress) and shorter 
estim

ates in F and B
 conditions. 

Meade & Singh 
(1970)* 

R, N= 280 

Effects of 
m

otivation and 
progress on 
tim

e perception 
through 
different 
cultures. 

Intra-subject 
Sim

ilar to M
eade (1963). 

• H
M

-F  
• H

M
-S 

• LM
-F 

• LM
-S 

Tw
o 6-m

inute tasks: 
Task 1: Looking at a 

m
agazine. 

Task 2: C
ancelling the 

letter "o" from
 a page 

of jum
bled letters. 

Sim
ilar to M

eade (1963) w
ith different tasks, no precise inform

ation 
is given on the questions asked after the tasks. 

In H
M

-F, m
ost participants 

underestim
ated. W

hereas w
hen 

LM
-S, m

ost of Participants 
overestim

ated. 

Cohen (1971)* 
R, N= 60 

Influence of 
achievem

ent 
oriented task on 
tim

e perception. 

Inter-subject 
Im

portance of tasks 
Filled (F): Participants w

ere inform
ed about the 

im
portance of task before starting a puzzle, 

U
nfilled (U

): W
aiting period. 

• F 
• U

 

Tw
o tasks: 6 trials of 3 

intervals (30-75- 120s) 
Task 1: A

 blindfolded 
m

aze-tracing activity on 
an unsolvable puzzle. 

Task 2: Periods of 
blindfolded rest. 

Step 1. Experim
enter explained to the participant the m

aze and that 
this m

aze w
as highly correlated w

ith intelligence and success. 
Step 2. Participants had to estim

ate passages of tim
e after blindfolded 

m
aze-tracing activity on an unsolvable puzzle. 

Step 3. Participant had a blindfolded rest. 
Step 4. Participant had to estim

ate passages of tim
e during the rest. 

Participants overestim
ated tim

e in 
all periods and both tasks. The 
m

ost considerable discrepancies 
arose in the U

 task. 

Troutwine & O'Neal 
(1981) NI, N= 40 

Effects of a 
tedious and 
interesting task 
on tim

e 
perception. 

Inter-subject 
- Interest of the task: 

Interesting (I): Tape w
ith an absorbing vignette 

from
 classical m

ythology. 
B

oring (B
): Tedious passage from

 a text on ethics  
- W

ith or w
ithout choice: 

W
ith (W

): Participants decided w
hether to listen to 

the tape a second tim
e. 

W
ithout (W

O
): Tape w

as presented for the 2
nd tim

e. 

• I-W
 

• I-W
O

 
• B

-W
 

• B
-W

O
 

A
 task (no inform

ation 
about interval): 
Participants listen to a 
tape and estim

ate 
duration. 

Step 1. Participants first listened to a brief audiotape of learning 
m

aterial and answ
ered questions about it.  

Step 2. Participants instructed to turn the tape recorder off and take a 
break in the listening after thought a 5-m

in session had elapsed. 
Step 3. A

fter break, according to each choice condition, the tape w
as 

presented or not for the 2
nd tim

e. 
Step 4. Finally, Participants rated the tapes and w

ere fully inform
ed 

about the purpose of the study. 

- For Participants of B
-W

 and B
-W

O
 

groups, tim
e passed longer than 

Participants of I group. 
- There are no differences betw

een 
W

 or W
O

 conditions.  
- N

o inform
ation is given on exact 

tim
e estim

ation results. 

N
otes: *= The study details instructions for ensuring that participants do not have clocks available during experim

ental tasks; m
= m

inutes; N
= num

ber of participants; N
I= N

o inform
ation about prospective or retrospective instructions; P= 

prospective instructions; R
= retrospective instructions; s= seconds. 
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Ta

bl
e 

1 
(c

on
tin

ua
tio

n)
. S

um
m

ar
y 

of
 re

vi
ew

ed
 st

ud
ie

s. 
Fo

r e
ac

h 
ar

tic
le

 it
 is

 d
et

ai
le

d 
th

e 
m

ai
n 

ob
je

ct
iv

e 
(A

im
); 

ty
pe

 o
f d

es
ig

n 
an

d 
ex

pe
rim

en
ta

l m
an

ip
ul

at
io

ns
 (D

es
ig

n/
M

an
ip

ul
at

io
n)

; a
 li

st
 o

f e
xp

er
im

en
ta

l c
on

di
tio

ns
 (C

on
di

tio
ns

); 
in

te
rv

al
s a

nd
 

ty
pe

 o
f t

as
k 

us
ed

 (T
im

e 
Ta

sk
s)

; t
he

 m
ai

n 
st

ep
s t

hr
ou

gh
ou

t t
he

 st
ud

y 
(P

ro
ce

du
re

); 
m

ai
n 

re
su

lts
 re

po
rte

d 
(R

es
ul

ts
). 

A
rti

cl
e 

A
im

 
D

es
ig

n/
M

an
ip

ul
at

io
n 

C
on

di
tio

ns
 

Ti
m

e 
Ta

sk
s 

Pr
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ed
ur

e 
R

es
ul

ts
 

Thorn & Hansell 
(1993)* R, N= 80 
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n 
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su
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ec
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rta
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e 
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e 
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ci
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nt

s e
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ur
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e 

pa
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r 3
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N
on
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ec
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c 
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): 
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rti

ci
pa

nt
s e

nd
ur

e 
th

e 
pa

in
 a

s 
lo

ng
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s p
os

si
bl

e.
 

- P
ai

n 
le

ve
l: 

Pa
in

 (P
). 

   
  (

W
P)

 W
ith

ou
t p

ai
n.

 

• 
S-

P 
 

• 
N

-P
 

• 
S-

W
F 

• 
N

-W
P 

Ta
sk

 w
ith

 2
 in

te
rv

al
s 

(1
20

s a
nd

 a
t t

im
e 

of
 

w
ith

dr
aw

al
): 

Pa
rti

ci
pa

nt
s p

ut
 th

ei
r 

no
n-

do
m

in
an

t h
an

d 
on

 
a 

co
ld

-w
at

er
 p

re
ss

or
. 

St
ep

 1
. E

xp
er

im
en

te
r i

ns
tru

ct
ed

 P
ar

tic
ip

an
ts

 to
 c

om
pl

et
e 

th
e 

ta
sk

 
ac

co
rd

in
g 

to
 e

ac
h 

co
nd

iti
on

. 
St

ep
 2

. P
ar

tic
ip

an
ts

 h
ad

 to
 a

ns
w

er
: (

a)
 q

ue
st

io
ns

 a
bo

ut
 p

ai
n 

ra
tin

gs
 

30
s a

nd
 1

20
s a

fte
r i

m
m

er
si

on
; (

b)
 q

ue
st

io
ns

 a
bo

ut
 ti

m
e 

es
tim

at
io

ns
 o

f h
ow

 lo
ng

 th
ou

gh
t t

he
y 

ha
d 

th
ei

r h
an

ds
 in

 th
e 

w
at

er
 a

t 1
20

s a
nd

 a
t t

he
 ti

m
e 

of
 w

ith
dr

aw
al

. 

M
os

t o
f t

he
 P

ar
tic

ip
an

ts
 

un
de

re
st

im
at

ed
 in

 N
-P

; M
os

t o
f t

he
 

Pa
rti

ci
pa

nt
s o

ve
re

st
im

at
ed

 in
 N

-W
P.

 
N

o 
di

ff
er

en
ce

 b
et

w
ee

n 
S-

P 
an

d 
S-

W
P 

co
nd

iti
on

s. 
In

 b
ot

h,
 m

os
t o

f t
he

 
Pa

rti
ci

pa
nt

s a
dj

us
t t

o 
re

al
-ti

m
e.

 

Vohs & Schmeichel 
(2003)* 1st, R; N= 39 

W
he

th
er

 th
e 

fe
el

in
g 

of
 th

e 
pa

ss
ag

e 
de

pe
nd

s o
n 

di
ff

er
en

t 
em

ot
io

na
l v

id
eo

 
cl

ip
s. 

In
te

r-
su

bj
ec

t 
Em

ot
io

na
l e

xp
re

ss
io

n:
 

Su
pp

re
ss

 (S
): 

Th
e 

pa
rti

ci
pa

nt
s h

ad
 to

 re
m

ai
n 

co
m

pl
et

el
y 

ne
ut

ra
l o

n 
th

e 
in

si
de

 a
nd

 o
ut

.  
Ex

ag
ge

ra
te

 (E
): 

Th
e 

pa
rti

ci
pa

nt
s h

ad
 to

 e
xp

re
ss

 
th

ei
r f

ee
lin

g 
as

 m
uc

h 
as

 p
os

si
bl

e.
 

N
at

ur
al

 (N
): 

Th
e 

pa
rti

ci
pa

nt
s w

er
e 

re
qu

ire
d 

to
 a

ct
 

as
 n

at
ur

al
ly

 a
s p

os
si

bl
e.

 

• 
S 

 
• 

E 
• 

N
 

11
m

 2
3s

 T
as

k:
 w

at
ch

in
g 

a 
cl

ip
 o

f a
 th

at
ch

 sh
ow

s a
 

dy
in

g 
m

ot
he

r s
ay

in
g 

go
od

by
e 

to
 h

er
 fa

m
ily

. 

St
ep

 1
. E

xp
er

im
en

te
r s

ai
d 

Pa
rti

ci
pa

nt
s t

ha
t t

he
y 

w
ou

ld
 w

at
ch

 a
 sh

or
t 

cl
ip

, a
nd

 re
ad

 th
e 

in
st

ru
ct

io
ns

 d
ep

en
di

ng
 o

n 
ea

ch
 c

on
di

tio
n.

 a
nd

 
to

ld
 th

em
 th

at
 th

ey
 w

ou
ld

 b
e 

re
co

rd
in

g 
w

hi
le

 w
at

ch
ed

 th
e 

cl
ip

. 
St

ep
 2

. P
ar

tic
ip

an
ts

 w
at

ch
ed

 th
e 

cl
ip

. 
St

ep
 3

. P
ar

tic
ip

an
ts

 c
om

pl
et

ed
 q

ue
st

io
ns

: (
a)

 a
 m

oo
d 

sc
al

e;
 (b

) h
ow

 
lo

ng
 th

e 
cl

ip
 w

as
 (e

st
im

at
io

n)
; (

c)
 le

ve
l o

f c
on

fid
en

ce
 ju

dg
m

en
ts

 
of

 d
ur

at
io

n 
es

tim
at

e;
 (d

) p
os

t-e
xp

er
im

en
ta

l q
ue

st
io

nn
ai

re
. 

Pa
rti

ci
pa

nt
s w

ho
 h

ad
 e

xa
gg

er
at

ed
 o

r 
su

pp
re

ss
ed

 th
ei

r e
m

ot
io

ns
 p

er
ce

iv
ed

 
th

e 
fil

m
 c

lip
 a

s l
on

ge
r t

ha
n 

th
os

e 
w

ho
 a

ct
ed

 n
at

ur
al

ly
. 

Vohs & Schmeichel 
(2003)* 2nd, R; 

N= 54 

Si
m

ila
r t

o 
V

oh
s 

&
 S

ch
m

ei
ch

el
 

(2
00

3)
 1
st  s

tu
dy

, 
bu

t d
iff

er
en

t 
co

nd
iti

on
s. 

In
te

r-
su

bj
ec

t 
Th

e 
sa

m
e 

as
 V

oh
s &

 S
ch

m
ei

ch
el

 (2
00

3)
 1
st  s

tu
dy

, 
ex

ce
pt

 fo
r: 

 
R

ea
pp

ra
is

al
 (R

): 
Pa

rti
ci

pa
nt

s w
at

ch
 th

e 
fil

m
 c

lip
 

w
ith

 th
e 

de
ta

ch
ed

 in
te

re
st

 o
f a

 m
ed

ic
al

 
pr

of
es

si
on

al
. T

he
y 

ha
d 

to
 th

in
k 

ab
ou

t i
t 

ob
je

ct
iv

el
y.

 

• 
S 

 
• 

R
 

• 
N

 

10
m

 1
3s

 T
as

k:
 w

at
ch

in
g 

a 
fil

m
 c

lip
 a

bo
ut

 p
ol

lu
tio

n.
 

Si
m

ila
r a

s V
oh

s &
 S

ch
m

ei
ch

el
 (2

00
3)

 1
st  s

tu
dy

, e
xc

ep
t f

or
 S

te
p 

1.
 

Th
e 

pa
rti

ci
pa

nt
s f

or
 c

on
di

tio
n 

R
 re

ce
iv

ed
 o

th
er

 in
st

ru
ct

io
ns

. 

Ta
ki

ng
 p

er
sp

ec
tiv

e 
on

 e
m

ot
io

n 
do

es
 

no
t r

es
ul

t i
n 

th
e 

sa
m

e 
pa

tte
rn

 o
f 

tim
e 

ge
tti

ng
 lo

ng
er

, w
hi

ch
 it

 d
id

 
w

he
n 

pa
rti

ci
pa

nt
s w

er
e 

as
ke

d 
to

 
co

nt
ro

l t
he

ir 
em

ot
io

ns
.  

Vohs & Schmeichel 
(2003)* 3rd, 

R, N= 48 
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St
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w
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at
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St
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 4
. P

ar
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ip
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ou
ld

 c
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r "

as
 lo
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; T
he
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co
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d 

st
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t p
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m

23
s)

 o
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 u
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 1
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m
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St
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. P

ar
tic

ip
an
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d 
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ci
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Vohs & Schmeichel (2003)* 
4th, R, N= 45 
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m
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r o
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Table 1 (continuation). Sum

m
ary of review

ed studies. For each article it is detailed the m
ain objective (A

im
); type of design and experim

ental m
anipulations (D

esign/M
anipulation); a list of experim

ental conditions (C
onditions); intervals and 

type of task used (Tim
e Tasks); the m

ain steps throughout the study (Procedure); m
ain results reported (R

esults) . 
A

rticle 
A

im
 

D
esign/M

anipulation 
C

onditions 
Tim

e Tasks 
Procedure 

R
esults 

O'Brien et alia (2011)* 
1st, R, N= 50 

R
elation 

betw
een tim

e 
perception and 
entitlem

ent as a 
personality trait. 

Inter-subject 
- Level of entitlem

ent (scale conducted one m
onth 

before the experim
ent): 

H
igher (H

): Participants w
ith a high score. 

Low
er (L): Participants w

ith a low
 score. 

- Type of task: 
B

oring (B
): Participants reproduce the m

atrix task. 
Funny (F): Participants used the letters from

 
m

atrix task to form
 people's first nam

es. 

• H
-B

  
• H

-F 
• L-B

 
• L-F 

A
 10-m

inute task: A
 

m
atrix of uppercase and 

low
ercase letters 

(depending on conditions 
B

 or F, Participants have 
different aim

s). 

Step 1. Participants com
pleted a scale about psychological 

entitlem
ent one m

onth before experim
ent.    

Step 2. O
n the day of the experim

ent, Experim
enter explained the 

task to Participants according to their conditions. 
Step 3. Participants answ

er: (a) how
 m

any m
inutes they w

ere doing 
the task; (b) interest of the task; (c) m

ood rate; (d) indication on 
a scale if they had enough tim

e to do the task; (e) how
 m

uch they 
are busy in their life; (f) a scale of sensation seeking. 

- In condition H
-B

 Participants 
perceived task as longer relative 
to L-B

; no differences betw
een 

trait entitlem
ent and fun tasks. 

- Participants indicated a better m
ood 

in conditions F than in conditions 
B

; no specific inform
ation about 

how
 tim

e passed in conditions F. 
- N

o specific estim
ation data 

betw
een the tw

o tasks. 

O'Brien et alia (2011)* 
2nd, R, N= 65 

Influence of 
entailm

ent on 
tim

e perception 
for boring tasks. 

Inter-subject 
Instructions: 

Entitled (E): The aim
 w

as to learn m
ore about 

opinions and personal preferences, Participants 
w

as entitled to the best possible experiences. 
C

ontrol (C
): The aim

 w
as to understand opinions. 

• E 
• C

 

Task (no inform
ation 

about the interval): 
Survey about favorite 
food or frequency w

ith 
w

hich eat fast food. 

Step 1. Participants received instructions for entitled or control 
conditions. 

Step 2. Participants filled in the survey. 
Step 3. Last questions of the survey: (a) indicate on a scale if think 

that doing this survey w
as a w

aste of tim
e; (b) estim

ate in m
inutes 

how
 long the survey w

as;(c) to indicate w
hat set of instructions 

had received: entitled, control or bogus unused. 

Participants in condition C
 

perceived the survey as a greater 
w

aste of tim
e and estim

ated it as 
longer than participants from

 
condition E. 

O'Brien et alia (2011)* 
3rd, R, N= 60 

Effects of 
sublim

inal 
superiority 
w

ords on tim
e 

perception. 

Inter-subject 
Entitlem

ent: 
Entitled (E): 80%

 of Entitlem
ent and self-focused 

w
ords: unique, superior, im

portant (…
) 

C
ontrol (C

): A
ny entitlem

ent and self-focused 
w

ords: w
ater, long, num

ber (…
). 

• E 
• C

 

Three 4m
 tasks: 

Task 1: Participants press 
spacebar every tim

e 
they saw

 a flash. 
Task 2: The sam

e as in 
task 1, but only w

hen 
the flash is blue. 

Task 3: Participants count 
flashes. 

Step 1. Participants w
ere told that different colored flashes (w

ith 
sublim

inal w
ords) w

ould appear on com
puter screen.  

Step 2. Participants w
ere told that the three tasks could take 

approxim
ately 10 to 25m

in. 
Step 3. The tasks began. The w

ords w
ere displayed at 100m

s. 
Step 4. Participants rated: (a) how

 fast the tim
e passed (very slow

ly 
or very quickly); (b) interest of tasks. 

Participants provided w
ith w

ords 
entitled to 80%

 felt the tim
e passed 

m
ore slow

ly than those w
ith w

ords 
no entitled. 

Brand et alia (2016)* 
R, N= 90 

Influence of 
different odors 
and tasks on 
tim

e perception. 

Inter-subject/Intra-subject 
- D

ifferent odors (inter-subject): 
Pleasant (P): 9m

l of phenyl ethyl alcohol 
U

npleasant (U
): 1.5 m

l of pyridine  
C

ontrol (C
): N

o odor. 
-Type of task (intra-subject): 

1. A
rranging cards: Participants order different 

landscape cards from
 low

est to highest. 
(2. D

raw
ing: Participants draw

 sm
all circles very 

quickly. 
3. M

ath operations: Participants do different m
ath 

operations. 

• P 
• U

 
• C

 

Tasks w
ith different 

intervals: 
Task 1 (no tim

e lim
it). 

Task 2 (137s). 
Task 3 (202s). 

Step 1. D
ifferent odors sprayed into the room

 20 m
inutes before 

(odors rem
ained stable for 1 hour). 

Step 2. R
esearcher inform

ed Participants that there m
ight be odors in 

the experim
ental room

 previously used by other researchers for 
sm

elling studies. 
Step 3. Instructions w

ere given to Participant for each task. A
fter 

each task, Participants rate the task (0-10): (a) difficulty; (b) 
pleasantness; (c) tim

e estim
ation; (d) stressful level; (e) 

concentration. 
Step 4. O

nce Participants com
pleted the tasks, a scale w

as given to 
indicate (0-10) intensity, hedonic valence, and irritation. 

- For m
ost Participants in condition P, 

odor w
as pleasant, and unpleasant 

the odor in condition U
. 

- O
verestim

ation in all conditions 
during tasks 1 and 3. Participants 
underestim

ated in all conditions 
during task 2. 

N
otes: *= The study details instructions for ensuring that participants do not have clocks available during experim

ental tasks; m
= m

inutes; m
s= m

iliseconds; N
= num

ber of participants; P= prospective instructions; R
= retrospective instructions; 

s= seconds. 
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Gable et alia (2016) 
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Table 1 (continuation). Sum

m
ary of review

ed studies. For each article it is detailed the m
ain objective (A

im
); type of design and experim

ental m
anipulations (D

esign/M
anipulation); a list of experim

ental conditions (C
onditions); intervals and 

type of task used (Tim
e Tasks); the m

ain steps throughout the study (Procedure); m
ain results reported (R

esults) . 
A

rticle 
A

im
 

D
esign/M

anipulation 
C

onditions 
Tim

e Tasks 
Procedure 

R
esults 

Bagley et alia (2021) 
P, N= 34 

If the induction 
of high stress 
could influence 
tim

e perception. 

Inter-subject 
Stress levels: 

Stress (S): Participant im
m

ersed his hand in w
ater 

(0-4°C
) for a m

axim
um

 of 180s (they could 
rem

ove it if w
ere intolerable).  

C
ontrol (C

): sam
e as S, w

ater betw
een 24-27ºC

. 

• S 
• C

 

42s or 72s tasks: 
Participants w

ere told 
they had to estim

ate an 
interval. N

o inform
ation 

about stim
uli used. 

Step 1. Participants com
pleted: (a) dem

ographic data, (b) m
ood 

questionnaire, (c) saliva sam
ple, (d) estim

ation interval (47s-72s).  
Step 2. Participants perform

ed a m
easure of cortisol (before and 

after) for the Social Evaluative C
old Pressor Stressor Task 

(C
ondition S) and C

ondition C
, the W

arm
 W

ater C
ontrol Task.  

Step 3. Participants com
pleted: (a) m

ood questionnaire; (b) tim
e 

estim
ation (applying the tim

e interval used in step 1).  
Step 4. A

fter 10m
: (a) m

ood questionnaire; (b) saliva sam
ple.  

- Participants in C
ondition S provided a 

m
ore inaccurate estim

ation than those 
in C

. In C
ondition S Participants 

overestim
ated in the post, in C

 under-
estim

ated com
ing closer to real-tim

e. 
- C

ortisol levels at baseline and after the 
w

ater task, significantly different only 
for C

ondition S. 

Kawabata & Chatzisarantis (2022) 
1st, P & R, N= 102 

R
elation 

betw
een tim

e 
perception and 
affective 
aspects using 
com

puterized 
task. 

Inter-subject 
- Inform

ation of estim
ation: 

Prospective (P): Participants estim
ate tim

e before 
starting. 

R
etrospective (R

): Participants estim
ate at the end of 

task. 
- Type of task: 
Enjoyable (E): M

oving a ball to a target in a m
aze. 

Position of target changed in each session. 
B

oring (B
): M

oving a ball from
 the left side to a target 

on the right side. W
hen the ball reached the target, a 

new
 session restarted w

ith sam
e target position. 

N
eutral (N

): The sam
e as condition B

, target location 
and ball start point altered. 

• P-E 
• P-B

 
• P-N

 
• R

-E 
• R

-B
 

• R
-N

 

A
 6-m

inute task: 
Participants asked to 
m

ove a ball across a 
com

puter screen 
according to each 
condition. 

Step 1. Participants received instructions to do the com
puterized task 

(depending on each condition)  
Step 2. A

fter the task, Participants w
ere asked: (a) to estim

ate 
duration of the task; (b) to assess -on a 10-point scale- their 
perception of speed of tim

e, enjoym
ent and difficulty during the 

task; (c) to fill out an intrinsic m
otivation survey. 

- Participants w
orking on the E task 

perceived the task as m
ore fun 

and requiring than N
 and B

 tasks. 
- In conditions E tim

e passed 
significantly faster than in B

 or N
 

- The effect of tim
e estim

ation and 
the interaction betw

een the type 
of task and prospective/ 
retrospective w

ere not significant. 
- N

o data about the exact tim
e 

estim
ation for each condition. 

Kawabata & Chatzisarantis 
(2022) 2nd, P & R, N= 56 

To com
pare the 

results of the 1
st 

study w
ith other 

tasks. 

Inter-subject/Intra-subject 
- Inform

ation of estim
ation: (sam

e as 1
st study). 

- O
rder of tasks (intra-subject): 
R

eading (D
): Participants read an article about 

Einstein at their ow
n pace. 

C
om

puterize (C
): C

om
puter-validated task. 

•  P-D
 

•  P-C
 

•  R
-D

 
•  R

-C
 

Tw
o 6-m

inute tasks: 
Task 1: R

eading task. 
Task 2: C

om
puterized 

task.  

Sim
ilar procedure used as the 1

st study, except for type of task and 
one questionnaire (achievem

ent goal survey). 

- In conditions D
 the enjoym

ent w
as 

higher than in C
; stress level in D

 
conditions w

as low
er than in C

.  
- Perceived tim

e speed in the 
condition D

 w
as faster than in C

. 
- Effect of tim

e estim
ation and P/R

 
w

ere not significant. 
- N

o data about the exact estim
ation. 

Martinelli & Droit-Volet 
(2022)* 2nd, NI, N= 82 

Effect of 
em

otion on 
perception of 
tim

e at different 
intervals. 

Intra-subject/Inter-subject 
-D

ifferent durations (inter-subject): 
Seconds (S): Stim

uli duration 30, 33, and 36s. 
M

inutes (M
): Stim

uli duration 90, 99, and 108s. 
- Type of stim

uli (intra-subject): 
Positive (P): V

ideo people having fun or anim
als. 

N
eutral (T): Inanim

ate objects and facial 
expressions. 

N
egative (N

): Im
ages featured garbage dum

ps, w
ar, 

and people w
ith sad expressions. 

•  S-P  
•  S-T 
•  S-N

 
•  M

-P 
•  M

-T 
•  M

-N
 

Task w
ith different 

intervals: W
atching 

other stim
uli through a 

com
puter. 

Step 1. Participants perform
ed tw

o dem
onstration trials. 

Step 2. Participants perform
ed 18 trials, 6 for each of the 3 em

otional 
stim

uli -negative, neutral, positive. For each trial, Participants 
w

ere presented w
ith the follow

ing: a) A
 fixed m

ark displayed for 
500 m

s in the center of the screen; b) A
 stim

ulus displayed at 
different durations. 

Step 3. A
fter each trial, Participants answ

er questions about rating 
the passage of tim

e (7-points scale, from
 1= very slow

ly to 7= 
very fast). 

- The passage of tim
e w

as slow
er in 

the condition M
 than in S for 

stim
uli N

 and P. 
- N

o differences in condition N
 

betw
een the tw

o durations. 

N
otes: *= The study details instructions for ensuring that participants do not have clocks available during experim

ental tasks; m
= m

inutes; m
s= m

iliseconds; N
= num

ber of participants; N
I= N

o inform
ation about prospective or retrospective 

instructions; P= prospective instructions; R
= retrospective instructions; s= seconds. 
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to endure pain for 3 minutes or watch a video about someone’s death from a medical 
perspective). Among these 23 conditions, 5 were categorized as (+), 16 conditions as 
(-), and 2 conditions as (q).

Table 2 shows the results described above as follows: the articles; the number of 
participants; experimental conditions that met the criteria for one of the three categories 
of emotional response (and the exact or approximate number of participants for each 
one); and classification of the experimental conditions into one of the three categories 
[(+), (-), (q)] and the exact or approximate number of participants who met the criteria.

The classifications of the experimental conditions in Table 2 were used to compare 
the results more straightforwardly in Table 3, which shows the following data: the 
articles; the time intervals used; the emotional response categories; the time estimations 
(emotional response categories in which most of the participants’ estimations were over, 
under or equal to real time); and the time judgements (emotional response categories in 
which most of the participants felt the passage of time as slower or faster).

Data about the main time estimation and judgement results concerning its 
emotional response category and the interval used are indicated. First, regarding the time 

 
Table 2. Some of the experimental conditions mentioned in table 1 categorized according to Participants’ 

emotional responses (during/after the experimental task), indicating number of Participants. 

Articles N Conditions** Emotional Responses 
(+) (-) (q) 

Schönbach (1959) 1st 100 HN-R (n= 20)  18  

Troutwine & O’Neal (1981) 40 
I-W (n= 10) Most of 10   

B-WO (n= 10)  Most of 10  

Thorn & Hansell (1993) 80 S-P (n= 20)   15 
N-P (n= 20)  14  

Vohs & Schmeichel (2003) 1st 39 S (n= 13)  Most of 13  

Vohs & Schmeichel (2003) 2nd 50 S (n= 17) *  Most of 17  
R (n= 17) *   Most of 17 

Vohs & Schmeichel (2003) 3rd  48 C (n= 24)  Most of 24  

Vohs & Schmeichel (2003) 4th  45 NT-2B (n= 23) *  Most of 23  

O’Brien et alia (2011) 1st 50 
H-F (n= 15) Most of 15   
H-B (n= 15)  Most of 15  

O’Brien et alia (2011) 2nd 62 E (n= 27)  Most of 27  

Gable et alia (2016) 1st 73 S (n= 36) *  Most of 28  

Grondin et alia (2018) 61 
J-R (n= 17) 17   

S-R (n= 15)  15  

Droit-Volet et alia (2020) 1st  87 C-H (n= 87)  Most of 87  

Droit-Volet et alia (2020) 2nd  32 H (n= 32)  Most of 32  

Droit-Volet et alia (2020) 3rd  18 H (n=18)  9  

Bagley et alia (2021) 34 S (n= 16)  Most of 16  

Kawabata & Chatzisarantis (2022) 1st 102 
R-E (n= 34) Most of 34   
R-B (n= 34)  Most of 34  

Kawabata & Chatzisarantis (2022) 2nd 56 R-D (n= 28) Most of 28   

Total 977  104 382 32 

Notes: *= indicate that number of participants is approximated in that condition (study does not specify the exact number); 
**= consult Conditions in Table 1; (+)= pleasant, satisfaction, or making progress; (-)= sadness, frustration, pain, not 
making progress or state of deprivation; (q)= the same as (-) with the linking of a specific aim; N= total number of 
Participants/study; n= number of Participants in the specific condition. 
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intervals: 4 out of 23 emotional response categories (from 3 studies) do not indicate 
which intervals were used; 8 out of 23 categories used intervals of less or equal to 15 
minutes; 7 out of 23 categories used intervals of less or equal to 6 minutes; 4 out of 23 
categories used intervals of less or equal to 2 minutes. Second, concerning the categories 
that measured time estimation and/or judgement: 17 out of 23 emotional response 
categories measured time estimation, and 7 out of 23 measured time judgement. Third, 
time estimation results are described according to the emotional response categories: 
in the (+) emotional response (5 out of 23), the majority of participants overestimated 
the time in 1 out of 5 (+) categories, and most participants underestimated time in 1 
out of 5 (+) categories. No time estimation data were found in the results of the other 
3 (+) categories. In the (-) emotional response (16 out of 23), the greater part of the 
participants underestimated the time in 6 out of 16 (-) categories, most participants 
overestimated the time in the other 6 out of 16 (-) categories, and most participants from 
1 out of 16 (-) categories got very close to estimating the real time. There are 3 out of 
16 (-) categories that did not show data about time estimation. In the (q) categories (2 
out of 23), most participants adjusted to the real time. Forth, time judgement results are 
detailed depending on the emotional response categories: Regarding the (+) emotional 
response (5 out of 23), in 3 out of 5 (+) categories, time judgement data were shown, 

 
Table 3. This table shows each article mentioned in table 2 with its general result (time estimation and 

judgement), according to the type of emotional response and interval used. 

Articles Intervals Emotional 
responses 

Estimation Judgement 
Over Under Equal Slower Faster 

Grondin et alia (2018) ≥15 + (n= 17) X     

O’Brien et alia (2011) 1st ≥15 + (n@ 15)  X    

Kawabata & Chatzisarantis (2022) 1st  ≥6 + (n@ 34)     X 

Kawabata & Chatzisarantis (2022) 2nd  ≥6 + (n@ 28)     X 

Troutwine & O’Neal (1981) NI + (n@ 10)     X 

Vohs & Schmeichel (2003) 2nd  ≥15 - (n@ 17) X     

O’Brien et alia (2011) 1st ≥15 - (n@ 15) X     

Vohs & Schmeichel (2003) 3rd  ≥6 - (n@ 24) X     

Bagley et alia (2021) ≥2 - (n@ 16) X     

Vohs & Schmeichel (2003) 4th  NI - (n@ 23) X     

O'Brien et alia (2011) 2nd  NI - (n@ 27) X     

Schönbach (1959) 1st  ≥15 - (n= 18)  X  X  

Vohs & Schmeichel (2003) 1st  ≥15 - (n@ 13)  X    

Droit-Volet et alia (2020) 1st  ≥6 - (n@  87)  X    

Droit-Volet et alia (2020) 2nd  ≥6 - (n@ 32)  X    

Droit-Volet et alia (2020) 3rd  ≥6 - (n= 9)  X    

Thorn & Hansell (1993) ≥2 - (n= 14)  X    

Grondin et alia (2018) ≥15 - (n= 15)   X   

Kawabata & Chatzisarantis (2022) 1st  ≥6 - (n@ 34)    X  

Troutwine & O'Neal (1981) NI - (n@ 10)    X  

Gable et alia (2016) 1st  ≥2 - (n@ 28)     X 

Thorn & Hansell (1993) ≥2 q (n= 15)   X   

Vosh & Schmeichel (2003) 2nd ≥15 q (n@ 17)   X   
Notes: NI= No information is given on the time interval used in the experimental procedure; n= number of Participants 
emotional response. 
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and for most of their participants, time passed faster; As for (-) emotional response (16 
out of 23), 4 out of 16 (-) categories showed data on time judgement. In 3 out of these 
4 (-) categories, for most participants the passage of time was slower, and in 1 out of 
4 (-) categories, for most participants time passed faster. No time judgement results 
were observed in the (q) category.

discussion

The analysis of the 23 experimental studies has been challenging, with considerable 
variability in the procedure and outcomes. The main findings of the analysis are presented 
as follows: (1) the studies have used different intervals (from less than two minutes to 
one hour); (2) the experimental tasks used to generate particular emotion and motivation 
responses vary enormously from one study to another (e.g., watching a video or pictures, 
doing a puzzle or mathematical operations, listening to sounds, among others); (3) Not all 
studies have tested whether the experimental manipulation really generate the expected 
emotional and motivational responses in the participants (e.g., to present a videoclip and 
then ask the participant how they felt while they were watching the clip); (4) Some of 
the studies that test the participant’s mood during or after the experimental task do not 
provide sufficient data about the number of participants who felt that particular emotion 
or motivation; (5) The majority of the studies provide measures of time estimation but 
do not measure how slow or fast time passed for the participants; (6) The results on 
time estimation shows a great deal of variability (e.g., it is not clear whether, when an 
individual is having a bad time, the individual’ estimation was over, under or equal to 
real time), despite the classification of the studies according to three emotional response 
categories; (7) A pattern on the results of the judgment of the passage of time can be 
observed in some of the studies classified into emotional response categories (e.g., 
those experimental conditions in which participants informed that they had fun or felt 
pleasant, time went faster versus those experimental conditions in which participants 
reported that they felt bored or unpleasant); (8) There are scarce studies that generate 
a pain or discomfort task and associate it with a specific aim (e.g., keeping the hand in 
cold water for 3 minutes or watching a movie about someone’s death from a medical 
perspective); (9) The data from all the studies are nomothetic (with inter-subject designs 
in most of them), there is not an individual analysis of the one participant’s emotional 
or motivational state and their specific perception of time. Each of these conclusions 
will be discussed in the following paragraphs.

Concerning the wide variety of intervals used in the different studies, it is not 
clear whether the time is perceived differently depending on whether the interval is 
shorter (2-5 minutes) or longer (40-45 minutes) (Bagley et alia, 2021; Meade, 1963, 
1966; Troutwine & O’Neal, 1981). Perhaps, more replication of experimental studies 
in this area would be needed to see if the results show any specific pattern (e.g., 
studies in which the experimental context is manipulated to generate amusement in 
one participant during a 2-minute interval and on another occasion, the experimental 
context is manipulated to generate the same emotion in that particular participant during 
a 15-minute interval). Furthermore, as mentioned above, there is no line or direction 
to follow to manipulate emotional and motivational states. Each of these studies used 
different tasks to manipulate the experimental context. Probably, there is a lack of 
replication studies under the same motivational and emotional manipulations.
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Another aspect to discuss is the assessment of the emotional and motivational 
states during or after the experimental task. Some studies do not specify whether such 
assessments were made or whether they assumed that the participant felt a particular 
emotion. Conducting experiments without verifying and specifying the participant’s 
emotional state during or after the experimental task does not conclude anything about 
the interaction of a particular emotional response and time perception. In addition, most 
studies that measured participants’ emotional and motivational states do not accurately 
report the exact number of participants who felt one way or another. Therefore, it is 
difficult to determine and conclude, as a whole from all these studies, how the perception 
of time oscillates according to emotions.

Regarding the type of time perception measurement, in many of the studies 
analyzed, the emphasis is on time estimation data without measuring the sensation or 
judgement of the passage of time (e.g., time is passing slower or faster) (Grondin et 
alia, 2018; O’Brien, Anastasio, & Bushman, 2011; Vohs & Schmeichel, 2003). Perhaps 
one could wonder whether overestimating or underestimating may be related to time 
slowing down or speeding up under the same experimental conditions. For example, in 
one of the studies (Schönbach, 1959), it was observed that in an experimental condition 
where participants were deprived of food, most participants underestimated the time, but 
the task passed slower for them. In other words, according to this study, one’s feelings 
about how slowly time passed are not necessarily correlated with an overestimation. 
Possibly more replicates of studies are needed to corroborate this effect. 

Another point mentioned is that the studies have a multitude of experimental 
conditions that are intended to generate motivational states. For example, most studies 
manipulate context to generate specific motivational states, such as fun, pleasure, 
boredom, pain, and sadness, but what would happen when, in a situation of discomfort, 
an individual performs an action that links to a specific aim? The data showed a very 
low number of participants under this last experimental condition. In particular, two 
studies created these types of conditions (Thorn & Hansell, 1993; Vohs & Schmeichel, 
2003): in one study, the participants placed their hands in cold water with the aim 
of keeping the hand for 3 minutes; in the other study the participants had to watch 
a video clip about the death of a person with the aim of watching it from a medical 
perspective. The perception of time seems to have been different for these participants 
compared to those who simply went through an unpleasant or painful situation. Further 
replication of this latter event is needed to reach more precise conclusions on changes 
in emotional response and temporal perception. Also, one might assess how time 
perception changes when an individual undergoes a painful or uncomfortable task and 
links each task step to something meaningful for them. Consider the following example: 
David is very afraid of speaking in public. Whenever he has to give a presentation at 
the University, he has a hard time. Every minute takes so long. One day, David had to 
give a speech at a conference. He wanted to dedicate this speech to his grandmother. 
During the presentation, David had his grandmother in his mind every moment. That 
day, the speech did not pass slowly. As a result, David’s time perception changed. This 
example above reflects an event that may be worth studying.

In summary, the data do not show systematicity between the procedures and the 
estimation results. Therefore, a detailed analysis of the same conditions leading to the 
same results should be carried out. Regarding the sensations or judgements of the passage 
of time results, a pattern has been observed among some of the studies. This pattern 
suggests that when participants informed that they were having fun or in a pleasant state, 
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time passed more quickly than when they were having a bad time or in an unpleasant 
situation. Even so, the data from the studies are general and nomothetic, and it is not 
possible to observe the data of the emotional states of each participant accurately.

Apart from the proposed studies and replicates mentioned above, further studies 
could conduct a participant-by-participant analysis of each experimental condition 
with ideographic data. Nomothetic analysis has advantages, but it does not consider 
each participant’s individual history. Each person has tastes or preferences that are not 
necessarily the same for everyone. Also, one person may tend to rate their emotional 
state as low (either bad or good), and another person may tend to rate their emotional 
state as high. In this way, the effect of the emotional and motivational manipulations 
on time perception would be more clearly observed if one studies the emotion and the 
fluctuation of time perception through the same participant, according to their individual 
history (e.g., a math task may be more enjoyable for those people who have been good 
at math throughout their lives and are skilled at it). Perhaps, through more ideographic 
experimental studies, it would be possible to have a much more global vision in this 
area, leading to a scientific underpinning for new lines of research.  
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