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ABSTRACT

Beliefs of nonscieatists concerning meandngs snd experiensss of time were assessed
by developing and administering & sixty-five-#a tement questionnaire, the Temparal
Inventory on Meaping and Experience. The statements reflected a broad range of
soncepiions of time and temmporal expesience which have been expressed by
physicists and psychologists, The findings reveal an interesting facior struciuse of
boliefs about physical time, personal time, and duration experience. Comparisons of
ihe beliefs of the respondenis with scientific theories and evidence produce insights
#nd implications on the study of time and consciousness.

INTRODUCTION

Over two thousand studies on the conception and experience of time have been
published, most of them within the past few decades [1-3]. Much of the recent
interest might be attributable to the central role of time in the flow of human
experience, or the stream of consciousness. Physicists have long recognized the
fundamental nature of time. The relatively recent assertion that it is necessary to
include the consciousness of an observer in any adequate description of a
physical systern suggests the importance of psychological studies of temporal
experience, Peychologists have attempted to meet the challenge by studyinga
large number of factors that affect the conception and experience of time.
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Several previous studies have explored a wide variety of symbalic or verbal
metaphors of time that people might employ [4]. In contrast, the present stady
assesses haliefs! of nonsclentists concerning meanings and éxperiences of time
that have been proposed by physicists and psychologiats. There are several
reasons for investigating the beliefs of nonscientists concerning scientific
conceptions of time. First, the beliels of scientists studying time are amply
documented in archival journals, but virteally nothing is known about
nenscientists’ beliefs about scientific theories and findings concerning time.
Second, beliefs of nonscientists probably depend more heavily on temparal
experience than do beliefs of scientists, which presumably are based on empirical
evidence. Third, evidence concerning temporal experience is predominantly
obtalned by studying nonsclentists, and the resuits of these experimental studies
may be influenced by the beliels of individuals who serve as research participants.

Consider further this third reason. In hundreds of experimental studies,
participants have been asked to make various kinds of temporal judgments, and
the data have been used {o support ur reject hypotheses concerning effects of
manipulated variables on tempeoral experience. Conclusions may be unwarranted,
however, if parlicipants’ covert beliefs affect the data. Some participants might
make judgments in such a way as to compensate for effects of a manipulation on
their actual experence [5]. Similarly, there might be a “double system™ or
“double strategy” of duration judgment, one being “impressionist” and the
other "analytic.” [6, 7] The impressionist strategy may involve a more direct
effect of 2 manipulation ot temporal consciousness, whereas the analytic
strategy may involve a less direct effect influenced by the person’s conceptions
of time. Even an impressionist strategy, however, depends on a person’s choice
of a factor on which to focus atiention,

[t is for these reasons that it is imporiant to question nonsclentists about time
snd effects on temporal experience, Surprisingly, few temporal inventories have
been developed. Most previous work of this kind has simply explored
relationships between personality and attitudes toward the past, the present, and
the future. Taken together, several studies exemplify this rather narrow
prientation. Ricks, Epley, and Wessman constructed a Tempora! Experience
Questionnaire assessing “various ways of experiencing, arranging, and using
time." {8, p. 103] For example, each respondent was asked fo indicate the
degree to which he or she is characteristically disposed "'to proceed in an orderly
way toward goals set long in advance.” Roos' Time Reference Inventory focused
on individual differences in temporal perspective—that is, Yordentation toward
the past, present, and future.” {9, p.34] A representative item was: *‘T believe
the happiest time of my life Is in the [Past/Present/Future/Age. . ..].” Calabresi

Ly irmporiant to recognize that the data ere reported beliels, and thal we are using
such reports to infer actual beliefs. We usually use simply the {erm beliefs throughout thix
article for ease of exposition.
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and Cohen also explored the relationships between personality and attitudes
toward time. A sample item was: "It mzkes me a little uncomforiable to think
about my future.” [19, p. 434} Others studied relationships between
personality znd preference for poetic metaphors of time sech as “the thrust of
foward purpose.” [4, pp. 236237}

To our knowledge, no one has systematically investigated beliefs ahout
physical time, nor beliefs about the effects of various factors on duration
gxperience. We first describe the questionnaire and the findings. We then
compare the reported beliefs with those held by physicists and psychologists
who have commented pn the nature of time and temporal experience, thereby
suggesting the content of the present inquiry.

METHOD

inventory

An attempt was made to identify all major physical and psychological
viewpoinls on physical time, personal time, and duration experience and to
generate at least one statement reflecting each viewpoint. Obviously, value
judgments were made in order to resirict the set of statements to a reasonable
length. A pilol study was used to delete, revise, and add staterents. The final
sixty-five-statement guestionnaire is referred to here as the Temporal Inventory
on Meaning and Experience (TIME). Table 1, which appears later, Includes a
verbatim copy of each statement. The foeus here is on the construction of the
TIME.

At the top of the first page was the heading, “TIME QUESTIONNAIRE,”
and these instructions:

We are interested in your beliefs, or opinions, about time, both physical
time and psychelogical time, There are no “eomest™ or “incorrect”
answers on this questionnaire, so just respond to eech item in zccord with
your beliefs, of opinions. . . . ’

A standard computer sheet was used.

The TIME consisted of four parfs. Patt A contzined sixteen sfatements
concerning physical time. The statements were commondanguage “transiations”
of most of the important viewpoints of physicists, past and present. The general
description was: “The statements in Part A are concerned with genenalf
philosophical views on physical time . .. . In Part A the word "time’ refers to
physical time, not psychelogical me.” The rating scale was labled from |
{strongly disagree} thraugh 5 {strongly agree}. The extensive Jiterature on the
psychology ef time was perused, and statements for Parte B, C, and D were
writfen to reflect a broad spectrum of concerns and hypotheses. Part B

_ contained tweniy-theee statements concerning personal, or psychological, time:

“The statements in Part B are concerned with your personal concepts of time
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and the way you relate to time.” The mting scale was the same as in Part A,

Part C contained thirteen statements concerning dyration experience in passing
fi.e., experienced duration, or prospective duration experienve): “The statements
in Part C are coneerned with your experience of time as it is passing.” The rating
scale was labeled from [ (very slowly) through 5 (very quickly}. Part D
contalned thirteen statements concerning duration experience in retrospect (ie.,
remembered duration, or retrospective duration experience): “The statements in
Part D are concerned with your memory of a past pediod of time.” The rating
scale was from 1 {very short) through 5 (very longh.

Four alternative {orms were generated. The initisl form contained a
randomization of the order of the statements within each part. In addition, at
random each statement was worded in one of two opposing versions. This was
accomplished gither by changing sone words, by omitting or inseriing Lhe word
not, ot by reversing the clauses. A second form contained a re-randomization of
both order and wording. The third and fourth forms contained a reversal of hoth
order and wording relative to the first and second forms, )

Respondents

The TIME was distributed to all 451 students atlending two introductory
psychology classes at Montapa State University., A toial of 403 of them
compieted the inventory. An approximately equal oumber of each of the four
forms were returned. Respondents included 228 females and 175 males. Their
mean age was 19.7 years, There were 72.5 percent, 17.4 percent, 5.2 percent and
5.8 percent first-, second-, third-, and fourth-year students, respeciively.
Declarzd major curdeulums varied greatly and were fairly representative of
students at the university, The median number of high school or college physics
courses completed was .2; a majority (61.8%) reported no formal physics
backpround,

A total of forty respondents was selected for a subsequent retest refiability
study. Selection was random subject to the constraint that ten had previously
completed each form. The reliability study was conducted approximately eight
weeks after the initial administration.

Procedurs

The TIME was distributed, and the students were asked to complete it at
home and retumn it the following day in order to receive some course credit, To
ensure confidentiality, each respondent remained anorymous,

For the reliability study, respondents were telephoned and asked if they
would be willing to particlpate in 2 psychological study in order to receive some
class credit. They were told that they had been randomly selected. Each was
given a copy of the same form that had been completed and was asked to respond
again to the statement.
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RESULTS

Standardization of Statements

In prder to calculate @ meaningful correlation matrix, the relationship between
the wording version of each statement and the rating scale was standardized.
First, the mean rating was calculated separately for each of the two wording
versions of a statement, The wording version that received the higher mean
eating was designated the standard-wording version, and the other was designated
the afternate-wording version, Finally, the rating scale of cach respondent who
received the slternate-wording version was reversed,

Table 1 shows both versions of each statement, as well as the combined,
standardized mean response (M_}). The overall mean response is 3.04 before
standardization of wording version, so there was no strong tendency toward
response bias. The overall mean response is 3.58 after standardization of wordiag
version. The two sets of means (standard- and aliernate-wording) were subjected
to a multivariate comparison, using the Biomedical Program BMDP3D [11]. The
profile of means on the standard-wording versions differs from that on the
alternate-wording versions [T = 818, F (65, 201) = 9.52, p < 001] . However,
valeulating the proportion of variance explained by wording version is more
revealing, and these values are 1eported in Table 1. The mean w? is only .04,

Table 1. Factor Structure, Statemaents, and Summary Statistics

Factor 1—Remembered Duration: Activity {Change) VP= 113 /0= 80
001 When | rernember a period of time during which | fad fittle to do/was
busy, it segmng compared {0 an identical period of time during

which  way busy fhad tittie o dp.
M =394+.06 w'=00 C=56 FL=70 r=.76

D02 When | remamber a period of time which 1 spent doing something
unpleasent/pleasant, it seems compared to an identical period of
time which | spent doing something pleasant/unplisasant.

M, =400%.06 w'=.00 C=50 FL=66 r=.69

D03 When | remember a period of time during which | did something boring/
irteresting, it seems compared to an identical period of time during
which 1 did something interesting/boring.

M, =399+ 06 w'=.00 C=56 FL=.63 r=74

D04 When | remember a period of time during which | did things in just one

place/several different places, it ssems .. sompared to an identical
period of time during which | did things in sever! different places/iust one
place.

M, =359+ 08 w*=.00 C=.45 FL=59 r=38
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Table 1 {Cont'd.}

D05 Whan | remember 2 pericd of time during which | performed a single king
of task /soveral different kinds of tasks, ?t seems compared to an
identical period of time during which | performed severa/ different kinds
of tasks/a single kind of task,

M, =365+.05 w' =00 C=44 FL=56 r=.39

P06 When f remember a period of time during which | was waiting/not waiting
for something to happen, it seams campared to an identical period
of time during which | was ot waiting/waiting for somathing to happen,

M =378:.06 w'=03 C=34 FL=41 r=45

D07 When | remember a period of time which | spent in an unchanging/a
changing environment, it seems compared to an identieal period of
time which | spent in & ehanging/en unchanging environment,

M, =337+.08 w'=00 =33 FL=31 r=28

Faotor 2 Experienced Duration: Activity [Change} VP=093 =73

Ca1l When | am busy/have little to do, time seems 1o pass compared to
when | have iittie to dofzm busy,
M, »435%.04 ' =03 C=51 FL=63 r= 83

CO2 When | am doing something interesting/boring, time seems 1o pass
compared to when | ;;m daing something bering/interesting.
M =452% .04 w?=01 C=49 FL =57 r= 95

CO% When | am doing things in severaf different places/ilust one place, time
s2ems 1o pass compared to when | am doing things in just one
place/several different fiac

M =383% .05 w 0 C= 35 FL=,60 r=.856

€04 When | am doing somethingpleasant/unpleasant, time seems to pass
compared to when | am doing something unpleasant/pleasant.
M, =441104 w* =00 C=40 FL=48 r=92

05 When1am performing several different kinds of tasks/a single kind of task,
time seems to pass compared to when | am performing a single kind
of task/several different kinds of tasks.

M, =396+ 05 w’=02 C=39 FL=238 r=.70

€06 When | am spending time in g changing/an unchanging anvironment, time
seems to pass compared to when | am spending time in an
unchanging/a changing environment,”
M =388+05 «w?=00 C=42 FL=.37 r=.53

CO7 When | am not particularly waiting/waiting for something to happen, tims
saems Lo pass compared to when | am waiting/not particularly
wafting for something to happen.”

M =401t068 w' =12 C=44 FL =30 r=.54

Factor 3-—-Persongl Time: Important Aspects VP =078 /C~.75

BO2 When | remember a period of time, how long it seems usually depends on
many factors/a single factor (such as, how 1 Telt, where | was, what | was

dcmg, and 50 on),
M =332+ 08 w!=46 C=58 FL=63 r=54
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Tabis 1 {Cont'd.}

CO7 When | am not particularly walting/waiting for something to happen, time
seems 10 pass compared to when | am waiting/not particuiarly
- waiting for something to happen.”
M, =401: 06 =12 C= 44 FL=52 r=54

BO3 My msthfla[waysbe!ess/mcm mportant than my present or my futurs,®
M. =356+.07 wl=28 C= 36 FL=2-46 r=51

B4 My present will always be more/fless important than my past or my futurs.
M, =354% 06 w=11 €=37 FL=43 r=65

BOB My future witl always iae maore/iess important than my present or my past.”
M, = 356:% 06 wle 10 C=139 FL =41 r= 28

Factor 4—Physical Time: Constant Progression Ve =073 /0= 88

AQ1 The rate of passing of time is constant/variable; that is, time does not/may
speed up or slow a:iewr:
M. =384 07 W e 00 C=.43 FL = 6) r=52

A02 Tlme is/is not tike the flowing of a river, because time passes/does not pass
continuously and inseparably.
M, =402106 w'=.00 C= 43 FL =60 r=.90

AD3 Time ic/iy not progressive; that is, time always moves/does not always
maove forward from the past to the future,
M, =417 06 w =00 C=.47 FL= 54 r=T72

AD4 Time is not/is an energy {like light); it fs impossible/may be possibie 1o
tap and control time,
M,=389+08 =00 C=.25 FL=35 r=.74

A5 Time s not/is a space-like dimension, because it &5 dnpossible/may be
possitie to change the direction or rate at which a person passas through
time.*

M =324%.07 &'=00 C=.36 FL=~34 r=73
ALY No events/Events can oceur without/even without the passing of time.
M =412+ 06 w'=.01 C=.256 FL=32 r=73

ADB Time fs/is not cemposeﬁ of discrets units of duration wh;ch O CCuUr one
after another.”
M, =335¢ 06 wl=00 C=.34 FL=31 r=.41

Factor 5—Duration Experience; Chattenge Ve = 064 0= B8

BOB My experience of the passing of time usually depends on many factors/s
single factor {such as, haw | feel, where § am, what 1 am doing, and 55 on),
M_**317t 08" e 50 C=54 FL=61 r=45

CO8 When | am doing something challenging/easy, time seems 1o pass
compared to when 1 am doing something easy/chaltenging,
M =352t 06 w?=.04 C=31 FL =51 r=40

DO8 When | remember a period of time during which | did something easy/
challenging, it seems comparegd to an identica! period of time during
whlch ! did something char'iengmgfeasy

M =310t 06" w?=.14 C=32 FL=41 r=.66
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Table 1 {Cont'd))
Factor 6—-Physical Time: Clocktme VP = D51 0= §2

ADB Time i5/is not cyclical; that is, time afways moves/does not slways move
in 8 repetitive circie,

M, =326%07 w'=02 €=39 FL=54 r=.31
ADT A clock i577s not a valid instrument 1o use In measuring time.
M, =352% .08 =00 C=.33 FL=.43 r= 62

ADB Timea is/is not composed of discrete units of duration which acour one
after another,®

M, =335% 06 w'=00 €=04 FL=41 r= 41

Factor 7—Physical Time: Realism VP = 043 IC = .60

ADR Physical time exists/does not exist; it is not fust/fust sn “invention’ of the
mind.

M, =381+ 06 w=01 C=31 FL=51 r= 863

A10 Physical time is different/the same for people from different cultures,
baeause physical time /5/7s not affected by thelr concepts of time.™
M. =306:00 wi=03 0=585 FL=—43 r= 39

A1l Physleal time does not dependfdepends on the consciousness of an abserver,
M. =327 1,07 wh= 07 C=.30 FL=.38 r=.42

A12 A distinction can/cannot be made between past, present, and futyre time
when referring to physical time in the univarse.
M, =371 06 wr= 00 C=.18 FL =32 r= 63

Factor 8- FPersonal Time: Past Unimportant VP = 046 IC = .60

BO7 1do not tand/tend 1w facus my attention equally on the past, the present,
and the future,

M =3274£.08 w' =01 C=44 FL =53 r= 52

808 | do not tend ftend to focus my attention primarily on the past, rather
than the present or the futurs,
M =401+ 06 wl=02 ¢=.38 FL=,37 r= 55
BO9 My experience of time can change/never changes greatly during altered

states of consciousness,
M, =395% 08 w’'=02 C=,26 FL=.34 r=.66

BOA My past will always be less/more important than my present or my future,*
M, =356t 07 w*'=.28 C=36 FL=32 r=5%

Factor 9—Duration Experience: Erwirenmental Familiarity VP = 048 0= 6

CO8 When 1 am in a familiar/an unfamifiar environment, time seems to pass
compared to when | arn in an unfamitiarfa familiar environment,
M, =317 06 w? =01 C=54 FL=68 r=.40

D08 When | remmembaer a period of timewhich i spent in an unfamiliar/a famitiar
environment, it seems compared to an identical period of time
which | spent in a familiar fan unfamiliar environment,

M, =3161 .08 =01 C=.31 FL=50 r= 42
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Table 1 {Cont'd}
Factor 10—Duration Experienca: Daydreaming P = 045 [C= B0

C10 When my attention is focused on some task/my daydreams, time seems to
pass compared to when my attention is focused on my daydreams/
some task.

M, =3.26% 06 =04 C=.39 FL=56 r=.29

1340 When | remember a period of time during which my attention was forused

on my daydreams/some task, it seems compared to an identical
periad of time during which my attention was focused on sorme task/my
daytireams.

M, 3131 08! w'=06 C=.31 FL=.49 r=38

Factor 11—Persanat Time: Conscious and Rational VP = 042 IC= B1

B10 My experience of the passing of time is & result of consclous, rationai/
unconsciows, inluitive processes.
M =324 05 w' = 03 c= 581 FL=61 r= 38

B11 When | remember a pericd of time, how long it seems is a result of
conscious, rational/uncongcious, intuitive processes.
M =322+ 05 w' =08 C=37 FL=.49 r=26

Facter 12—-Duration Experience: Emotion vP= 04 IC= B2

011 When | remember a period of time during which | did not feal(feit strang
emotions, it seems compared to an identical period of time when |
fait/did nat feel strong emotlons.

M, =3.064% 06" ' =00 C=.46 FL=64 r=.26

11 When 1 am/am pot experiencing strong emotions, time seems to pass
compared to when t am not/am experiencing strong emoetions.
M =321% 06 w'=.01 =40 FL=47 r=.34

Factor 13--Personal Time: Attention VP = 041 IC = 5B

812 | usually pay 2 fot of/very littie attention ta how short or long a past
{already experienced) period of time seems.
M, =300% 06 =08 =37 FL=50 r=25

B13 1§ usualiy pay a /ot of fvery little attention to how slowly or quickly time
seems to be passing.
M =347 .06 w'=04 C=24 FL=.33 r=.24

COB When | am spending time in a changing/an unchanging enviranment, it
Ee8ms 10 pass compared to when | am inan unchanging/a changing
environment, *

M,=401£.06 w'=.12 =42 FL=-31 r=.63

Factor 14-Uuration Experience: Alertness VP= 038 /C= b8

D12 When | remember a perfod of time during which | was drqws;ffa{ert, it
SeEMS compared to an identical period of time during which | was
alert/drowsy. ,

M =355%06 w'=00 C=42 FL=87 r=.43
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Table 1 {Cont'd.] -

€12 When | am slert/drowsy, time seems to pass’ __compared to when |
am growsy Jefert, :
M, = 3B22 06 W =00 C=29 FL=.42 r=48

VP =038 /0= 86}

B14 When | am experigncing s period of time, | can/¢annot usuatly sstimate
{airly accurately how long it is.
M. =3471% 08 w=00 C=47 FL= 66 r= 43

B15 When | remember a period of time, | can/cannot usually estimate fairly
accurately how long it was,
M. =326+ 05 W'=01 C=.36 FL= 46 r= 2|

B16 My estimation of a time period that | experienced in the past is usually
different from/the same as my estimation of the time period when |
experienced jt; that is, if | think | have spent an hour doing something,
when | think back on it later it may not/will still seem like an hour,

M, =365t 06 w?=04 C=.39 FL=-34 r=.39

Factor 18—Personal Fime: Estimation Accuracy

Factor 16-Physical and Personal Time: Cufturaf Effects VP= 037 /0= 58

A0 Physical time is different/the same for people from different cultures,
because physical time /s/is not affected by their concepts of time,*
Mc =306+ 07 wi=.03 C=55 FL=56 r=.39

BO1 The experience of time is different/the same for people from different
cultures; it /s/fs not atfected by their concepts of time.
M, =355t .06 w®=00 C=34 FL=50 r=55

Factor 1 7-Physical Time: Absofute vs. Relative VP = 036 /0= 88

A1 Time 75 not/is stfected by events {changes] in the physical universe,
M =308 070 &'=00 C=39 FL=44 r=41

A4 Space and time are inseparably connscted/separate sspects, arad form /o
not form a four-dimensional structure.
M =312% 05" w?=00 C=.25 FL=-~3B r=.59

A16 Time s not/is a space-like dimension, because it is impossible/may be
pomf%le to change the direction or rate at which a persan passes through
time,

M, =324+ .07 wi=00 C=.36 FL=,38 r= 63

VP = 038 IC= 5§

313 When 1 remember a period of time during which { was awske/dresming,
it seerms compared to an identical period of time during which | was
dreamingfawake.
M =362£06 w?=.00 C=.43 FL=60 r=.40

13 When | am dreamingfawake, time seems to pass
| am awake/drearing.
M, 2379106 w?=.00 C=.38 FL= A8 rw.41

Factor 18—Duration Experience: Dreaming

compared 1o when
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Table 1 {Cont'd.}

Factor t9—Pprsana? Time: Future important VP =034 0= 5B

B17 | tend/do not tend to focus my attention primarily on the future, rather
than the past or the present,
M =321:£06 w*=01 C~37 FL=57 r=39
BOS My future will slways be more/less important than my past or my present.”
M, =356+ 06 w'=.10 C=39 FL=.37 r=.28

Statements Loading Less Than .30 on All Factors

A6 The passing of time cannot/can be measured in an absolute way; that is,
one reliable clock is not/is sufficient 1o measure the passing of time in the
ufniverse,

M, =369t.06 w'~01 C=.22 FL<.28 r=.38

B18 A distinction can/cannot be made between past, present, and future time
when referring to our experience of time.
M, =391+ .06 w?=.03 C=.23 FL<.28 r=87

B19 § have a fairly definite/only & vague idea of what time is.
M, =334% 06 w?=00 C=26 FL<.28 r=.32

B20 Time /s/is not experienced differently by a person involved in 8 situation
and by a person uninvolved in it
M= 4192 05 w®=00 £=35 FL<27 r=.78

R21 | teng/do not tend to foous my attention primarily on the present, rather
than the past or the future.
M =319+ 06 =00 £=24 FL25 r=34

B22 | am more comfortable when | know/do not know what time it s than
when | do not know/know what time it is.

B23 | generally prefer/do not prefer to have a set time for daily events, such as
getting up, eating meals, and so on, rather than doing/preferring instesd to
do things unscheduled,

M. = 3241 .07 wr =00 C=.14 FL<18 r=.8}

Note: Factors ere 1lsted from highest to fowest aigenvalua. For sach factar, both the
proportion of common variance accounted for by the factor (P} and the internel
contistengy of the factor /C) are shown. Statements loeding greatar then 30 an b given
fecior ara listed from highest to lowest rotated factor loading, with thasa loading on more
than ona fector indiceted by an asterisk [+), The wording version of each statement that
received & higher mean rating is glven first, preceding each stash {f). For agch statemeant, the
following siatistics are shaown: the mean response 10 both varsions lcombined) plus or minus
i standard arror [My), with #ach mean not yignificantly greater than .00 indicated by »
dsgger {t); the proportion of wvariance sccounted for by wording version {w’): the
communality, oF sauired miltiple correlation, afier iteration {C}; the rotated factor loading
{FL): and the retest reliability, or carrelation, coefficiant {r], See text for mora complete
gxplanstion,
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Factor Analyses

Using standardized responses, a 65 X 65 triangular matrix of correlations
among statements was generated.? At the o= .01 level, 323 of 2080 correlations
are significant {r {401} 2> 1281}, s proportion of .16. This proportion is clearly
greater than chance. Each of twenty-two correlations aceounts for more than 10
percent of the respective bivariate variance [r (401) 2> L316}]. Thus, the
correlation matrix is legitimately factorable.

The proportion of actually to potentially significant comelations is shown
separately for each pair of the four parts of the TIME in Table 2. Statements
from a given part correlaie more often with other statements froro the saime part
than with statements from the other paris. Some of the other paris also show
many intercorrelations, such as Parts C and D, All parts show a substantial
proportion of above-chance correlations.

Responses to each statement were significantly correlated with responses to
at least one other statement. Communalities {squared multiple correlations),
which are shown in Table 1, range from .14 to .56. The Biomedical Program for
factor analysis—BMDPAM [11]-was used to conduct a preliminary
principalcomponents analysis; the eigenwalue of the 65th component 15 22,
Thus, ali sixty-five statements were retained for subsequent analyses,

Because the TIME contained a wide variety of content, a relatively large
number of factors are needed to explin much of the total variance, The
preliminary principsl-comyponents analysis shows that twenty-three components
have eigenvalues greater than 1, which account for a cumulative proportion of
.554 of the total variance. A scree fest reveals that nineteen factors are
substantive [12]. Several principai-factor analyses were conducted, using
varimax rotfation and varying the number of factors from 16 through 23, As
predicted by the scree test, principal-factor analysis with varimax rotation of
nineteen factors provides a reasonably simiple account of the correlation matrix,
and all residual correlations between variables are less than L.10).

Table 2. Proportion of Significant Correlations between Statements

Part A B C O
A 349 .08 .05 5
B8 06 .18 17 08
C 05 17 a7 24
D 05 .08 24 B1

Nate: Tabie shows proportion of actuelly 10 potentatly significant
carrafations, Seg taxt,

? The vorrelation matrix und other matrices are available upon reguest.
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Several other kinds of factor analysis and other kinds of rotation were also
explored, with similar results. For example, a 19-factor principal-factor analysis
using direct quartimin rotation produces a similar factor pattern matrix, but it is
rot as simple. There is no need for the complexities of assuming obligue factors,
however, because the highest value of factor correlation (that between Factors
1 and 2} is 24, a proportion of overlap In veriance of only J06. The nineteen
factors are reasonably orthogonal, so the common-factor solution following
varimax rotation Is reported here. The description of factors is organized by
factor number, as in Table 1. In the interest of brevity, descriptions of the
findings are mainly stated in terms of the mean regponse to each statement,
rather than in terms of correlstions between responses that are reflected in
factor toadings. Facior loadings (FL) of statements that Joad greater than 30
on a given factor are shown in Table 1.

Factor Structure

Factor 1-Remembered duration: Actlvity {change) - Seven Part-D statements
load on Factor k. It inchudes strong beliefs that remembered duration is tonger if
a person had little to do, did something unpleasant, did something boring, did
things in just one place, performed a single kind of task, was waiting for
someining, of was in an unchanging environment. Because all of these statements
load together, those respondents who report that one of these situations
lengthens remembered duration tend to report that the other sitvations also do
so, and vice versa. The most salient feature of all of these situations is that there
was littie activity or change in context.

Factor 2—Experienced duration: Activity {change) Seven Part-C statements
load significantly on Factor 2. It includes strong beliefs that duration is
experienced as passing more quickly if a person is busy, is doing something
interesting, is doing things in several different places, is doing something pleasant,
is performing several different kinds of tasks, is in a changing environment, or is
not waiting for something. The most salfent feature of all these situations is that’
there is a great deal of activity or change in context.

Similar statements from Parts C and D load on Factors 2 and 1, respectively.
Thus, at least some respondents apparently regard the same kinds of variables as
important in both experienced and remembered duration. In addition, those that
ire reported to make time seem to pass more quickly aleo are reported to make
# duration seem shorter in retrospect, Other statements from Parts Cand D are
conspicuous in their absence from Factors 2 and 1; instead, they load on
separate factors.

Factor 3—Personal time: Important aspects —Four Part-B statements load on
this factor. Respondents agree more sirongly that remembered duration depends

_ on many factors than on s single factor, The personal past is regarded as less

important than the present or the future, which are rated as comparably
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important. Finally; a statement concerning expcrienccd. Slurs.ticn ?iso ica;ds oft
this factor, a finding which seems to indicate ihat' wa:mﬁg is a singularty o
important variable related to personal time. Those individuals who place gr‘c‘?v
emphasis on the importance of the present or the future may be more sensitive
to or aware of the effects of waiting on experienced duration.

Factor 4 — Physical time; Constant progressz'{m‘«-me firs.t factor concerning
physical time reflects the ordinary human zzfpenence of time as a centslm;t
progression. Respondents tend to agree that Umg passes at.a constant ra;:},{ L]
like the flowing of a river, is progressive, is not an energy, 1s not a space-like
dimension, and is composed of discrete units, Res’;pomiem& also strongly apree
that nio events can occur without the passing of time.

Eactor 5-Duration experience; Challenge — The mefm xe,spame 'mdi;eates
agreement that time passes maore quickly ;f a pesson is doing somexiungb o
challenging rather than easy, although there is no consensus on how rmmmbj
duration is affected, if at all. One additional state;?aem loads h}g,hlz.r on this
factor: Respondents agree more steongly tha? experienced duram}nh;::gcnds c)m
many factors thanona single factor. Why {hxs.siatement Joadsont ! actci): _;s
somewhat puzzling, although the intercosrelations age moderately high, so it is
not loading for some trivial reason.

Factor —Physical time: Clocktime— Respondents te.rafl 1o agree that ;j;ysic?i
time is cyclical, is validly measured by using a clock, and is composed of discrete
units of duration. That these three separate 5tate{ne nts load together suggests
that some people tend to equate time with what is measured by clocks.

Factor 7—-Physical time: Rea!:‘sm-Respondm@ ten§ t.c agrm wi}h three
statements reflecting a realistic, as opposed to an idealistic, we(wpomt enf
physical time.-time exists; time does not depend on the consc;o;mfn:ss Gf'ai
observer;and 2 distinction can be made between pss't, pre‘sent‘, an“ u u;cflm .
There js no rea) consensus on whether or not physical um:e is different for
people from diffesent cultures, a statement that ioads negatively.

Factor 8- Personal time: Fast wniriportant — Most respondents report ii?zg} g
they do not focus attention equally on the past, the present, and the .f:tt:n% : :5 t
they do not focus attention primarily oa)the past; and that they ;;egaft se;i ﬂm
as less important than their present or their fitture. Aagt.her Part: sta em;m
ioads on this factor concerns the report that the experience of imecanc ztlge
greatly during altered states of consciousness. Rcspgnd?nts who tepfazt grezhe;
agreement with this statement tend to report less focusuzg‘of aitentp:.;n ona
past. A possible explanation is that the past bccctmes unimportant ﬁdrr; r{ay
altered states of consclousness, and that the experience of thos.e altered sta e:;‘
affects pne’s “normal-state-of-consciousness” view of the pastina §0rrvfspon ing
way. Another possibiity Is that a persen who tends to not focus at‘tentmn on
the past is more likely to experience cerlain altered states of consciousness.
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Factor 9 Duration experience: Environmental famitiarity —The mean
response indicates weak agreement that time sesms to pass more slowly and

seems longer in retrospect when in a familiaz, rather than an unfamiliar,
_envirgnment.

Fuactor 10— Duration experience: Daydreaming — The mean response indicates
weak agreement that time seems to pass more slowly when attention i focused
on daydreams than on some task. There is no consensus on how remembered
dusation is affected, if at all,

Factor H —Personal time: Conscious and rationaf-—- Both experienced
duration and remembered duration sre typically regarded as being a result of
conscious and rational, as opposed to unconscious and infuitive, processes. These
two statements seem eonsistent with the reported bebiels that experienced and
remembered duration depend on many factors. Apparently duration experience

is considered by most to be a result of eonscious, rational processes that are
influenced by many f{actors.

Factor 12— Duration experience: Emotion— Respondents tend to agree that

time seems to pass moge quickly if they are experiencing strong emotions. There
is no consensus concerning effects on remembered duration.

Factor 13--Personal time: Attention - Most respondents report paying alot
of attention o the experience of duration in passing, but not necessarily to the
pxperience of duration in retrospect, One Part-C statement also loads on this

factor; however, the correlations are low, and s0 it will not contribute to the
present interpretation.

Factor 14 — Duration experience: Alertness— There is strong agreement that

thme seems to pass more quickly and seerns shorter in retrospect when alert than
when drowsy.

Factrar 15- Personal time: Estimution acceracy —Most respondents report
that they can usually estinate duration fairly accurately, either in passing or in
retrospect. Respondents also tend to agree that a duration estimaie in retrospect
is usually different from an estimate in passing. This staternent loads negatively;
thus, individuals who tend to report greater duration estimation acguracy also
tend to report (hat prospective and retrospective estiinates do not differ.

Facior 16-~Physical and personal time: Cultural effects — Two related
statements, one from Part A and one from Part B, load equally on this factor,
Respondents agree that the experience of time is culturally relative, but there is
no consensus on whether or not physical time also is.

Factor 1 7-Fhysical time: Absolute vs. relgtive - The inean response reveals
stight agreement that time is not a spacedike dimension, but there is 1o
consensus on whetler or not time is affected by events {changes) in the physical
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universe, nor on whether or not space and time form 2 four-dimensional
structure. This bipolar factor concerns issues that distinguish Newtonian
(absoiute) and Einsteinian (relative) conceptions of time and space. If the
response of each subject on each of these three items Is multiplied by the
respective factor loading, 53.1 percent of the respondents lean toward
Newtonian views and 454 percent toward Einsteinian views; 1.5 percent
consisteatly use the seale midpoint,

Factor 18—Duration experience! Dreaming ~ There is strong agreement that
time seems to pass more quickly and seems shorter in retrospect when dreaming
than when awake.

Factor 19—Personal time: Future important — Most respondents report that
they tend to focus their attention primarily on the future. Those who report
greater future orientation also agree that the personal future wiil always be more
important than the personal past or present.

Stazements loading less than .30 on ol factors —Seven other statements,
which are listed at the end of Table }, load less than 30 on all factors. The mean
eommunality of them {after factor extraction} 5 .24, compared to the mean of
39 for the 58 other stalements.

Gender Differences

There are too few respondents of cach gender to perform separate factor
analyses, However, factor scores van be compared, The mean factor score on
sach factor was determined for both genders. The multivariate interaction of
profiles is sipnificant [T7 = 115, F(19, 383) = 5,78, p <.001]. Univariate f-tests
show that the mean female factor score is greater (at the o = QI level) than the
mean male factor score on five factors, while the mean male score is greater on
only one factor. The mean response of males and females was compared for each
of the sixty-five statements. The multivariate interaction of profiles is significant
[T? =202, F(65,337)=2.61, p<.001]. The fermale mean is significantly
greater than the male mean on twenty statements, while the reverse is true on
only one statement. Thus, females tend to agree more strongly than do males
with nearly one-third of the standardized statements, It is unclear whether this
reflects a genuine difference in beliefs about time, a rather trivial difference in
completing the TIME, or both,

Femaleshave a higher mean factor score on Factor 1 than males (20 v, —27),
which is also reflected in greater mean agreement with standardized statements
DO} through D5, Fermales also have a higher mean score on Factor 2 (14 vs.

— 18}, which is also reflected in greater mean agreement with statements €01,
€02, C04, and CO6. It may be that females are more aware of or sensitive to
certain influences involving activity or change which affect beliels about
expedenced {Factor 2) and remembered (Factor 1) duration.
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Females score higher than males on two fuctors concerning physical time.
Their higher mean score on Factor 4 (13 vs. —18)is reflected in greater mean
agreement with statements A0, ADZ, A03, A04, and A15, Thus, females tend
to report greater belief than do males that Uime passes in a constant progression.
Their higher mean score on Factor 8 (.10 vs. —.13)is reflected in greater mean
agreement with statement A06, Females report greater belief that time is
cyclical, which is perhaps attributable to the mensirual cycle,

Females also score higher on Factor 14 {11 vs. —.14), which cancerns effects
of alertness on duration experience. Their mean agreement with statements C12
and D12 is greater than that of males.

The only factor on which males have a higher mean score than females (.13
vs. —.10) is Factor 15, which concerns duration estimation accuracy. Males agree
somewhat less strongly than do females that experienced and remembered
duratlon may differ (B16).

Reliability of Statements

A correlation was calculated between the rating of each statement in the first
administration and that in the second. The rellabliity of esch statement is shown
in Table 1, Values of r range from .21 to 95;1he overall mean is .52, The mean
s .56, 47, 60, and A48 for statements from Part A, B, C, end D, respectively,
There is a high positive correlation fr (63) = .65, p < D01} between reliability
coefficients snd standardized mean ratings of the sixtyfive statements.
Statemnents that were rated near the mid point of the scale tend to be less reliable
than statements that were rated {oward the extremes of the scale. However, the
presence of means near the midpoint of the scale implies that the other means
do not simply reflect demand characteristics.

The mean agreement with each of the sixty-five statements on the original
test is not significantly different from that on the retest [T =342 F (65, 14)
= 05, p = .59]. In short, the mean reliabllity of the statements on the TIME is
moderately high, and the mean agreement with each of the standardized
statements is comparable on two tests separated by about eight weeks.

Internal Consistency of Factors

An estimate of the Internal consistency of the factor solution is provided by
the squared multiple correlations of the factor scores predicted from the ratings
or the original variables {13]. The internal consistency estimate for each factor
is shown in Table 1, Estimates range from 80 t0 55, the oversll mean is .63,
The estimates are all high or moderately high, indicating that the observed
vuriables account for a substantial amount of variance in the factor scores. Thus,

. the factors are quite stable, and the interpretations offered here are made with

considersble confidence.
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- DISCUSSION

The TIME contains fairly reliable statements which cluster into 2 consistent
structure of beliafs about time, Thus, we can draw implications regarding
similarities and differences between the beliefs of nonscientists assessed in this
study and the related beliefs of scientists expressed in the literature.

Physical Time

At least four separate factors underlie beliefs regarding physical time. Factor
4 reflects the ordinary experience of time asa constant progression, such &s is
expressed in the writings of Newton. Time is conceived as an independent
dimension, neither space-iike nor energy-like in nature, which “of itself, and
from its own nature, flows equably without relation to anything external”’
[14, p. 6] In this view, events develop with the passage of time. Time is
one-dimensional and continually “moves”™ forward, from past to future [15].
‘There may be a close parallel with the nature of humman consciousness, which has
been described as a “stream”™ of experiences progressively and inexorably
retreating into memory [16, p. 232]. Of course, the rate of flow of experiences
is not constant, and consciousness may be viewed as an "energy.”

Factor 6 seems to reflect a rather literal equating of time with what Is
measured by clocks or calendars. For example, many of the respondents agree
that time is cyclical. They apparently do so for a very concrete reason, perhaps
involving the recurrence of names of hours, days, and months. Most modern
physiclsts disagree with the cyclical notion. Along with most of our respondents,
however, they agree that a clock is a valid instrument to use in measuring time.

Factor 7 also reflects a rather realistic view of time. Along with physicists,
the respondents agree that time exists and that a distinction can be made
between past, present, and future. Somewhat paradoxically, however, our
respondents do not agree that physical time is the same for all individuals
regardiess of thelr cultural concepts or their consciousness, In contrast,
Einstein's theory of relativity “has nothing to do with the subjective experiences
of different observers.” [17, p. 455] Although physicists commonly refer to
temporal experiences of different observers, this is merely an expository device;
it implies nothing about time itgelf.

Factor 17 clearly contrasts Newtonian (absolute) and Einsteinian frelative)
coneeptions. As noted earlier, a majotity of our respondents lean toward
Newtonian views. Priestley’s assertion that “after half a century . ., Einstein’s
theory of relativity has never taken hold of the public mind” appears to be fairly
aceurate [18, p. 88]. Modern phydcists, of course, prefer Einsteinian views.
Einstein's theory of relatively proposes that time (as well as space) changes with
motion, or acceleration. Thus, space and time are regarded as inseparable aspects
of a four-dimensional continuum called space-time [19]. Although modern
physicists conceive of time as a “space-like” dimension, it may differ in certain
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ways [rom the three spatial dimensions. There is no sofid emplrical evidence that
tire is reversible, for example, Einstein believed that “we cannot send wire
messages into the past” [20, p. 4357, but certain mathemnatical representations
(Feywnan disgrams) may be interpreted in terms of 2 “complete symunctry with
regard to the direction of time.” [19, p. 183}

To summarize, beliefs of the nonscientists surveyed here often differ
considerably from beliefs of scientists expressed in the literature on physical time.
Our respondents tend to report more absolute and concrete conceplions of time
than do modern physicists, who regerd time in more relative and absiract terms.

Personal Time

At least six factors appear to underlie beliels regarding personai time. Severa}
of them reveal aspects of what is variously called temporal horizon, perspective,
or orientation. In Factor 3, the personal present and the personal future are
typically reporfed to be more important than the personal past, Sinilarly, in
Factor 8 most raspondents report that they do not focus attention equally on
the three temporal zones, in particular, they report that they do not tend to
focus attention or place importance on the past. Factor 19 reveals that the
personal future is particuarly important and receives much attention. These
reports seem consistent with Cottle’s [4, 21, 227 “circles test,” in which many
participants chose o represent the future with & farge cizcie, the past with a
small circle, and the present with an intermediate circle, The typica response to
thess statements can also be interpreted to be a positive indicator of mental
health. Alcoholism [9], schizophrenia [22, 231, and especially senile dementia
[23] are characterized by attention o the past af the expense of the future;and
depression and mania are characierized by loss of the personal future and past
[24, pp. 184.185].

Three other factors refer in general terms to personal beliefs about temporal
experience. Most respondents report attending to the experienced duration of d
time period, which is part of the psychological present, but not necessarily to
the remembered duration of a time pedod {Factor 13). The tendency Lo believe
that both experienced and remembered duration depend on many Tactoss is
consistent with psychological evidence that a number of different variables
affect duration experience {24.26]. The helief that boih experienced and
remembered duration are a result of conscious, rational processes (Factor 11} is
aiso in agreement with some recent cognitive theories {7, 27], as opposed to
“internal clock™ theories. The belief thai both experienced and remembere
duration are usually estimated fairly accurately (Factor 15) s in aceord with
resufts of some, but certninly not all, experlments. Accuracy of temporal

judgment depends on many factors {24, 26]. Respondents also tend to report
that prospective and retrospective duration estimates may differ. in fact, James
£16] has speculated and others [28, 291 have found that some variables produce
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opposite effecls on prospective and retrospective temnporal judgments, To
summatize, must respandents report believing that personal time is a result of
conscious and rational processes, may be affected by many factors, but
nevertheless can be estimated fairly acourately. On all of these points, our
respondents’ beliefs do not differ substantially from psy<hological theories and
evidence,

Duration Experience

Several theogists have distinguished between the experienced duration and the
remembered duration of a time period [16, 24,25, 30]. Respondents agree that
these two different kinds of judgment may differ. However, the mear response
ta corresponding statements from Parts C and D of the TIME often reveals
neliefs about stmilar effects of various factors on experienced and remembered
duration. In general, a factor that is reported to make a duration seem. to pass
guickly is reported ta make a duration seem shorter in retrospect, and vice versa.

Responses to statements loading on Factor 2 reveal a typical belief that
duration seems 1o pass more quickly to the extent that the person i$ engaged in
some activity or that there Is greater chunge in context. This beliel is in general
aceord with many findings {24, 25, 30]. Similarly, responses to statements
foading on Factor I reveal & typical beliel that duration seems shorter in
retrospect 1o the extent that the time period contained greater getivily or change
in context. This stands in opposition to many findings [24, 25, 30]. A
contextualchange hypothesis parsimoniously integrates much of the evidence. It
says that “remembered duration is a cognitive construction mediated by a covert
assessment of the remembered amount of change in cognitive context™ during
the time period {25, p. 195,28, 31, 32]. In addition, the hypothesis proposes an
explanation for why incongruent effects are typically found in studies of
experienced duration [25, pp. 196-197] . Because our respondents incorrectly
helieve that remembered duration is shorter, rather than longer, if’ the time period
contained a great deal of contextual change, the typical experimental finding
apparently does niot simply reflect beliefs, biases, or dernand characteristics,

Consider now the other factors with loadings of corresponding Part-C and
Part-D statements. On Factor-5 statements, respondents correcily belive that
time seems to pass more quickiy during the performance of a challenging than an
easy task [33). However, they do not believe that the remembered durationof 2
challenging task is fonger than that of sn easy task, which appears to be the case
134] . On Factor-9 statements, respondents tend Lo believe that time seems to
pass more quickly and the duration is remembered as being shorter if they were
in a familiar, rather thas an ynfamiliar, environment. To our knowledge, there is
no dlrect evidence concerning expedenced duration; but some research suggests
that remembered duration is longer, rather than shoctsr, if the time period
occurred in an unfamiliar environment §32}. On Factor-10 statements, there is
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no strong tendency to report an effect of daydreaming on durztion experience.
In contrast, the extensive phenomenclogical and limited experimental evidence
suggests that time seems to pass more quickly and remembered duration seems
shorter if the time period containg daydresming, a5 opposed {o task performanés
[25]. On Factor-12, there is little or no consensus on effects of emotions, Any
effects might depend on whether an emotional experience is positive or negative.
Einstein’s well-known comment is reievant: “When a man sits with a pretty girl
for an hour, it seems like 2 minute, But let him sit on a hot stove for a
minute—and it's longer than any hour. That’s relgtivity”” Because the type of
emotion was not specified in these statements, it might be that respondents
simply did not decide or agree on the type of emotion te which the siatements
referred. On Factor-14, respondents believe that there are strong effects of
alertness or drowsiness on duration experience. Except for some related work on
arousal and attentional selectivity [34,35], o our knowledge there is litile or
no experimental evidence, On Factor-18,the belief that time seems to pass more
quickly end remembered duration seems shorter if the time period contains
dreaming, as opposed to wakefulness, sgrees with phenomenclogical reports
from other sources. The actual experimental evidence is meager [23-26].

In summary, our respondents’ beliefs about duration experiences are
oceastonally consistent with, but often run counter to, the available experimental
evidence. Effects on experienced duration may be partly attributable to
influences of covert beliefs, since there js a similarity between the evidence and
the beliefs. Effects on remembered duration, however, are more clearly different
from the beliefs reported here, and thercfore are less easily aftributable to such
influences, jt is possible that people have inore accurate infrospective awareness

of the effects of various factors on experienced duration than on remembered
duration,

CONCLUSIONS

The TIME appears to be a fruitful questionnaire for the exploration of belicls
about time. The present survey of nonscientists suggests implications for
endeavors ranging from teaching concepts of physical: time to proposing
explanations of duration experience. Future studies using the TIME might
profitably explore relationslups between personality, culture, ang beliefs about
time, Only broad-based research efforts will accurately reflect the multifaceted
nature of time, both as a physical phenomenon and a personal, cognitive construct,
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