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The effect of age and sex  
on the perception of time in life
P. A. HANCOCK 
University of Central Florida

As a measure of their personal perception of time in life, 320 participants completed the Lines 
Test. Participants were asked to mark off on a line their perceived present life location between 
the endpoint anchors of birth and death. The percentage of the life span marked was compared 
with actuarial life expectancy to establish a quantitative degree of difference for each respon-
dent. Results indicated a significant sex difference in which women across the age range inves-
tigated were more accurate as to their life location. Results also showed a significant age effect 
in which older participants consistently underestimated their life location to a much greater 
degree than their younger peers. A second investigation presented an amended version of the 
traditional Lines Test and scaled the actuarial life span to each participant’s specific age. The 
pattern of findings was replicated by this procedure. Reasons for this overall pattern of results 
are discussed in terms of what is currently understood about the perception of short intervals of 
time and the perception of duration across the life span.

Perhaps the greatest of all challenges in psychological 
research is to find ways to render personal, private 
experience open to mutual, public inspection. When 
such private or inner phenomena concern a person’s 
contemplation of the material world, there is potential 
for a direct mapping between that person’s mental 
conception and any external object or dimension 
(Stevens, 1957). Psychophysical explorations of these 
direct links between internal state and external con-
dition give us encouragement to believe that we can 
eventually understand each person’s mental world 
through reference to our own corresponding social 
experience. However, when the private experience 
has no obvious material correlation in the real world, 

we are faced with a much more difficult problem. 
This situation pertains with respect to the study of 
time (see Gallagher, 2009). Time has been described 
as “perhaps the most fundamental dimension of hu-
man experience” (Cohen, Hansel, & Sylvester, 1954, 
p. 108). As a fundamental aspect of all existence, time 
occupies a privileged place in science and indeed in 
all of human knowledge (Kant, 1781).
	 If human beings learned to represent time as a 
direct chronometric record of events and could ve-
ridically project that chronometric capacity onto the 
future, then one would see an unvarying match be-
tween the social and personal constructs of time. In 
essence, each person would perceive the flow of time 



in synchrony with the clock on the wall and be able 
to estimate intervals of seconds, minutes, and hours 
almost precisely (Hancock, 2002). More formally, the 
exponent of the psychophysical curve would be unity. 
Interestingly, this statement is true for very short in-
tervals of time, up to a number of seconds (Woodrow, 
1951). However, it is clear from the pattern of existing 
data that this average relationship conceals very large 
individual differences (Doob, 1971). Problematically, 
it is also the case that the general relationship does 
not appear to hold for intervals of time beyond a mat-
ter of seconds. However, studies of the perception of 
extended intervals of time are often constrained to 
use particular socially labeled durations (e.g., a day, 
a week, a month). Thus, the accuracy of individuals’ 
estimations in these terms is greatly influenced by 
the degree to which they have learned or internalized 
the duration of these socially fabricated intervals. A 
much more informative measure of long-term tem-
poral perception should involve the primary markers 
that bracket each person’s life. The evident markers 
in life are of course its beginning (birth) and, in pros-
pect, its ending (death).
	 Within the general scatter of individual differences 
in temporal perception (Kirkcaldy, 1984) some regular-
ities have emerged over the years of experimentation. 
For the estimation of short intervals, meta-analyses 
have revealed consistent effects for the sex of the partic-
ipant (Block, Hancock, & Zakay, 2000). Here, females 
show larger subjective:objective duration judgment ra-
tios but only for retrospective judgments of time. Also, 
there are significant influences for the age of the per-
son tested (Block, Zakay, & Hancock, 1998), in which 
older people give larger verbal estimates and shorter 
productions of durations than younger people. Similar 
sex and age effects are also seen in other fundamental 
capacities, such as reaction time change across a per-
son’s life span (Fozard, Vercruyssen, Reynolds, Han-
cock, & Quilter, 1994; Perbal, Droit-Volet, Isingrini, & 
Pouthas, 2002; see also Halpern, 2000). The question 
addressed in the present set of investigations is how a 
person’s perception of the time of his or her life itself 
changes across the life span. In particular, the work 
looks to explore whether there are consistent effects for 
sex and age in such long-term estimates and whether 
any patterns of response adduced are consistent with 
the patterns observed for the estimates of short-term 
intervals on the order of minutes and seconds.

STUDY 1

METHOD

Participants
The sample in the present investigation represented 
participants drawn from the population in the im-
mediate vicinity of a large university campus. The 
sample was not strictly random because participants 
were recruited and evaluated by a number of differ-
ent testers on an individual basis. There was no re-
striction on the age of people who were solicited for 
participation. The final sample consisted of a total of 
320 participants who were equally split between the 
sexes. The average age for the sample was 35 years 
and 4 months. No effort was made to control any ad-
ditional variation, and the confidentiality of partici-
pants’ responses was ensured in accordance with the 
American Psychological Association (APA) treatment 
protocols for research data.

Procedure
Ten data collectors (five male, five female) were trained 
on the administration of the Lines Test (Cottle, 1976, 
1977). The Lines Test presents a participant with a sin-
gle line, in this case 10 in. long, across a single sheet of 
paper. The tester informs the participant that this line 
represents his or her own lifetime. At the left end of the 
line is a vertical mark that indicates birth. At the right 
end of the line is another vertical mark that indicates 
the participant’s prospective death. Participants are 
asked to mark one vertical line anywhere they choose 
along the 10-in. line where they perceive themselves to 
be in their lifetime at the present moment. The tester 
then recorded the participant’s self-declared age in 
years and months.
	 Individual testers were responsible for seeking 
out participants and soliciting their responses. After 
each tester had collected a total of 32 participants split 
equally between young and old and male and female, 
they provided the investigator with the marked data 
sheets for subsequent analysis. This collection phase 
completed the contribution of each individual tester. 
The investigator (who was also one of the testers and 
administered the training of the Lines Test to all other 
testers) then coded the collected data according to age 
of the participant (in months); sex of the participant 
(male vs. female); sex of the tester collecting the data 
(male vs. female; Rumenik, Capasso, & Hendrick, 
1977); percentage of the lifetime perceived as having 
passed (as derived from the marked line); percentage 
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of lifetime passed according to the contemporary ac-
tuarial tables for prospective life span, being 74.7 years 
for males and 77.4 years for females (U.S. Department 
of Health and Human Services, 2007); and the differ-
ence between perceived age and the latter actuarial age. 
The difference value formed the primary dependent 
variable for analysis. Finally, the ratio of the present 
estimated age compared with the actuarial age was also 
calculated and used in analysis.

RESULTS AND DISCUSSION

The overall data are presented in Figure 1, which 
shows the overlap of the difference estimates of the 
two sexes by age. The most obvious finding repre-
sented in these data is the very large inherent vari-
ability in estimates across participants. Thus, even at 
the same age, difference values can vary as much as 
75%. Such variability does not appear to be contin-
gent on the sex or age of the participant to any great 
extent. This finding may at first seem problematic. 

However, in actuality, individual differences are the 
predominant finding in all psychological studies of 
time estimation (see Doob, 1971). Of course, such 
individual variation can be viewed as a problem to 
be minimized or, in contrast, the heart of the issue 
(Cronbach, 1957). However, embedded in this large 
variability are a number of significant nomothetic 
trends that are revealed by formal analysis.
	 A preliminary analysis of the results indicated that 
the sex of the tester exerted no significant influence 
on the outcome scores. Therefore, the next step was 
to conduct a t test, and this analysis showed a signifi-
cant effect for participant sex, t(318) = –2.09, p = .037. 
On average, the difference score for females between 
their estimates and their actuarial life expectation was 
–3.275%, whereas for males the comparable figure 
was –6.235%. Also, there was very little difference in 
the standard deviation scores between the two sexes, 
females = 12.925, males = 12.367. The main effect, 
although significant, was not particularly large, ac-

Figure 1. Participant age versus difference between perceived and actuarial life span expectation for males and females, Study 1. The 

dotted line represents the regression for female participants and is described by the equation y = –.03(age in months) + 7.76. The solid line 

represents the regression for male participants and is described by the equation y = –.03(age in months) + 7.58. These are not statistically 

different.
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counting for only some (R2 = 1.4%) of the variance 
observed. However, subsequent regression analysis 
permitted calculation of what is called the indiffer-
ence interval. In the present circumstances this might 
more readily be defined as the life indifference inter-
val. This life indifference interval represents the age 
at which males and females, respectively, provide a 
correct estimate of their actuarial life span. Because 
younger people tended to overestimate their actuarial 
age and older people to underestimate their actuarial 
age, there has to be an age when the respective regres-
sion lines for male and female participants cross zero. 
For females, this age is 24 years 0 months, and the 
comparable age for males is 20 years and 6 months. 
The average indifference interval for the whole sample 
was 22 years and 3 months. That this is near the de-
sign life expectancy of human beings as derived from 
allometric scaling principles (Thompson, 1917/1992) 
may be more than simple coincidence.
	 As is evident in Figure 1, the degree of underes-
timation increases across the life span for both males 
and females. Initially, we have to consider whether 
this effect could be an artifact of the characteristics 
of the Lines Test itself. For example, as the age of the 
participant approaches his or her actuarial life ex-
pectancy, there is a natural ceiling effect. This occurs 
because the actuarial age is a mean value expressed 
for each cohort and not adjusted to each person as 
an individual (see U.S. Department of Health and 
Human Services, 2007). Thus, a person who is older 
than his or her actuarial life span expectation almost 
inevitably provides an underestimated value. For this 
reason, no participant was evaluated who was older 
than his or her actuarial life expectancy. This limited 
any potential artifact as influencing the outcome as a 
result of the inevitable ceiling effect.
	 A subsequent regression analysis indicated a sig-
nificant incremental effect for participant age, F(3, 
316) = 35.05, p < .001, R2 = 0.25, ∆R2 = 0.236, beyond 
any effect for the sex of the participant or the sex 
of the tester. Difference scores decreased as a func-
tion of increasing age, b = –.03, SE = .003, b = –.49, 
t(316) = –9.97, p < .001. The individual regression 
equation for males was difference = –.03 age + 7.58, 
and the comparable equation for females was differ-
ence = –.03 age + 7.76. Analysis demonstrated that 
this aging effect was by far the most influential factor, 
accounting for some 23.6% of the variance. Effects for 

the sex of the tester on these outcome results were 
marginal, and therefore this manipulation was omit-
ted in the procedure that follows.
	 To this point, the dependent variable used to re-
flect a participant’s response has been the difference 
score between his or her personal perception and 
actuarial life expectancy. In essence, this is a reflec-
tion of a general measure known in the performance 
literature as constant error. However, one could argue 
that there is another derived measure that may better 
reflect the relationship between these two variables 
(Eisler, 1996). This is the ratio of the perceived value 
to the actuarial life span. This measure is often used 
in the time perception literature and is called the du-
ration judgment ratio (DJR) (Block et al., 2000). In 
order to evaluate such effects, a subsequent analysis 
was conducted using this ratio measure. As in the 
case of the difference score, preliminary analysis 
indicated that there was no significant effect of the 
sex of the tester on the duration judgment ratio, nor 
was there a significant effect of participant sex on this 
measure, p > .25 in each case. However, subsequent 
regression analysis showed a significant incremental 
effect for age, ∆F(1, 317) = 20.89, p < .001, R2 = 0.07, 
∆R2 = 0.06. DJR decreased as a function of partici-
pant age, and the regression equation for this func-
tion was DJR = –.03 (participant sex) – .0004 (age in 
months) + 1.13. The coefficient for age here appears 
to be small because of the units of age used in the DJR 
derivation (Figure 2).
	 Although the pattern of findings in the present 
investigation are largely consistent, a number of 
objections to their validity may be raised on both 
methodological and theoretical grounds. For ex-
ample, the results could be influenced by certain 
intrinsic characteristics of the Lines Test itself. The 
current version of the Lines Test provides endpoint 
anchors and subsequently asks participants to mark 
off their subjective perception of “now” on the line 
presented. In this circumstance, the endpoints may 
constrain how a participant chooses to respond. 
Particularly, as has been noted, if the respondent is 
an older adult, there is a limiting effect of the upper 
boundary. Thus, the absolute ceiling effect may spill 
over and influence the responses of those who have 
yet to reach their actuarial life expectancy. In conse-
quence, it may be preferable to ask participants to 
create these endpoints on a continuum that allows 
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them free expression of these critical life events. 
Also, the calculations in this first investigation of 
actuarial life span were derived from a single value 
for males and a single value for females based on 
the life expectancy for the current cohort of partici-
pants. A more accurate, potentially different picture 
might emerge if participants were scaled to their 
own individual life expectancy. To this end, a second 
procedure was conducted that addressed these po-
tential objections and acted as a further exploration 
of the robust character of the findings derived from 
the first procedure.

STUDY 2

METHOD

Participants
The sample in the second investigation was also a 
quasirandom group drawn from the same environs 
as in the first investigation. The sample in this case 
was recruited and tested by one single (male) tester. 
In the final sample, there were 132 total participants, 
equally split between the sexes. The average age for 
the sample was 38 years and 1 month. No effort was 
made to control any additional variation, and the con-

Figure 2. Participant age versus duration judgment ratio between perceived and actuarial life span expectation for males and females in 

Study 1. The dotted line represents the regression for female participants and is described by the equation y = –.0004(age in months) + 1.13. 

The solid line represents the regression for male participants and is described by the equation y = –.0004(age in months) + 1.10. These are 

not statistically different.
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fidentiality of participants was ensured as according 
to the APA treatment protocols for individual data.

Procedure
The procedure for the second investigation was 
similar to that for the first investigation but with the 
following small but critical amendment. The partici-
pant was presented with a single sheet of paper with 
a horizontal line of 10 in. drawn across the center of 
the sheet. At the midpoint of the line was a single 
vertical mark. Thus, rather than the end anchors 
being presented and the participant being asked to 
make his or her judgment with a single vertical line 
between the anchors, this technique presented a 
single vertical line representing the present, and the 
participants were asked to strike off one mark for their 
birth and a second mark for their prospective death. 
This information was then recorded together with 
the participant’s sex and self-declared age in years 
and months. Because the sex of the coder had little 

substantive impact on the results in the first investiga-
tion, it was considered justified that only one single 
male tester collected all data for the second investiga-
tion. The same dependent measures of response were 
used here as in the first investigation.

RESULTS AND DISCUSSION

The results of this second investigation for the re-
spective difference scores are presented in Figure 3. 
In this instance, a t test was first used to evaluate the 
potential presence of a sex effect in the overall data for 
the difference scores, calculated in the same fashion 
as in Study 1. This analysis indicated a significant 
difference between the sexes, t(130) = 2.21, p = .029. 
On average, the difference for females between their 
estimates and their actuarial life expectation was 
–7.262%, and for males the comparable figure was 
–13.878%. Again, although significant, the degree of 

Figure 3. Participant age versus difference between perceived and actuarial life span expectation for males and females, Study 2. The 

dotted line represents the regression for female participants and is described by the equation y = –.09(age in months) + 30.45. The solid line 

represents the regression for male participants and is described by the equation y = –.07(age in months) + 19.58. These respective regres-

sion lines are statistically different.
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the overall variance accounted for was relatively low, 
R2 = 3.6%. It may be observed that the absolute values 
of the differences for both males and females were 
larger in this second investigation than in the first 
investigation. However, the overall age of the sample 
in this second investigation was greater by almost 4 
years. Thus, the variation in the absolute values for 
the difference scores between the two investigations 
can perhaps be attributed to this sampling variation. 
From the age distribution recorded, it appears to be 
the case that the student testers in the first investiga-
tion sampled at convenience, resulting in the test-
ing of more of their younger peers as compared to 
the more balanced age distribution in this second 
investigation.
	 As with the first investigation, a subsequent analy-
sis was conducted on the effect of age on the derived 
difference scores. Again, the present results con-
firmed the overwhelming impact of age. The regres-
sion of participant sex on the difference scores was 
confirmed to be significant, F(1, 130)= 4.88, p = .029, 
R2 = 0.036. In addition to this effect, there was a sig-
nificant increment in ∆R2 for age, ∆F(1, 129) = 179.30, 
p < .001, ∆R2 = 0.561, and for the interaction between 
age and sex, ∆F(1, 128) = 4.48, p = .036, ∆R2 = 0.014. 
This analysis showed that the incremental influence 
of age accounted for 56.1% of the variance observed. 
As with the results from the first investigation, the 
younger the participant, the greater the propensity to 
overestimate his or her current life location compared 
with actuarial life expectancy. Similarly, the older the 
participant, the greater the propensity to underesti-
mate his or her current life location compared with 
actuarial life expectancy. These data also allowed the 
calculation of an indifference interval, and in the pres-
ent set of scores the mean indifference interval was 
26 years and 0 months; the respective indifference 
interval for females was 27 years and 9 months, and 
for males it was 24 years and 3 months. The average 
life indifference interval in this investigation is almost 
exactly the length of the allometric design life span of 
human beings. That this figure varies with respect to 
the age identified in the first investigation appears to 
show that the life indifference interval is, to some de-
gree, influenced by group sampling issues. However, 
this issue deserves more extensive experimental eval-
uation to determine whether life indifference interval 
is a meaningful measure or whether it is simply an 

artifact of the present investigational strategy. Overall, 
despite the changes in the data collection procedure 
and in the manner in which each participant’s score 
was scaled to his or her own age (as opposed to the 
mean cohort age of Study 1), the results of the second 
procedure confirmed directly the pattern of findings 
derived in the first investigation.
	 As with the first investigation, a subsequent analy-
sis was conducted on the DJR scores derived from 
the raw data (Figure 4). For the initial t test, there was 
an effect for sex that approached traditional levels of 
significance, t(130) = –1.85, p = .067. This marginal 
effect was resolved more clearly in the subsequent 
regression analysis. This showed a significant in-
cremental effect for age, ∆F(1, 129) = 45.39, p < .001, 
∆R2 = 0.25, R2 = 0.28. However, there was also a sig-
nificant increment for the interaction of sex by age, 
∆F(1, 128) = 8.31, p = .005, ∆R2 = 0.4, R2 = 0.32. To 
explore this interaction in more detail, subsequent re-
gressions were conducted for each sex separately. For 
the males the regression weight was –.0007, whereas 
for females the comparable regression weight was 
–.002. This outcome indicated that the relationship 
between DJR and age was greater for female partici-
pants than for their male peers.
	 In addition to the difference and ratio scores, the 
present amended version of the Lines Test permit-
ted the evaluation of three other resultant variables: 
the total length of the line that was marked off by the 
participant, the length of the line segment represent-
ing the past as marked off by the participant, and 
the length of the line representative of the future as 
marked off by the participant. In the first-order cor-
relations, the two significant effects that emerged were 
between age and line segments for the future and past, 
respectively. That is, there was a significant negative 
correlation, r = –.416, p < .001, between age and the 
length of line marked for the future. However, there 
was also a significant positive correlation, r = .299, 
p < .001, with past line length, which indicated that 
the length of the previously experienced life span 
increased with age. Of course, these are naturally 
expected outcomes of the present procedure.
	 With respect to the length of the line marked as 
the experienced past, there was no significant effect 
for sex of participants; however, there was a significant 
increment in variance accounted for by the age of the 
participant, ∆F(1, 129) = 10.50, p = .002, R2 = 0.095, 
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∆R2 = 0.074. This indicated that as the participants 
grew older, the line segment for the past grew lon-
ger. This is not an unexpected outcome in relation 
to the present test. Indeed, it would be noteworthy 
if this were not so. The interaction between age and 
sex for this measure did not reach significance. For 
the line length representative of the future segment, 
there was a significant effect of sex, F(1, 130) = 6.26, 
p = .014, R2 = 0.046. This showed that the line rep-
resentative of the future segment was longer for fe-
males than for their male peers. Because there was 
no significant difference in the past line segment, this 
result indicates that females, on average, perceive that 
they have a greater prospective life span. There was 
subsequently a significant additional effect for age, 
∆F(1, 129) = 22.17, p = .001, R2 = 0.186, ∆R2 = 0.14. As 
age increased, the line length for the future segment 
sequentially decreased. These results are logical and 
confirm the utility of the present technique, which 
can be directly compared to circumstances in which 

verbal estimates of time were elicited through the use 
of a visual analog scale (cf. Angrilli, Cherubini, Pa-
vese, & Mantredini, 1997; Bschor et al., 2004). These 
findings also affirm the collective consciousness of 
aging in the sample tested. The interaction between 
age and sex was marginally significant, p = .059, but is 
not considered a particularly substantive influence in 
the present pattern of results. There were no signifi-
cant effects or correlations between participant sex 
and the total length of line marked for the person’s 
life span.

GENERAL DISCUSSION

Many experimental studies have looked at the effects 
of age on the estimation of brief intervals of time (e.g., 
Craik & Hay, 1999; Lemlich, 1975; Nitardy, 1943; 
Rakowski, 1979; Rammsayer, 2001). For example, 
Wittmann and Lehnhoff (2005) recently confirmed 
that the passage of time speeds with age, but they 

Figure 4. Participant age versus duration judgment ratio between perceived and actuarial life span expectation for males and females, 

Study 2. The dotted line represents the regression for female participants and is described by the equation y = –.002(age in months) + 1.56. 

The solid line represents the regression for male participants and is described by the equation y = –.0007(age in months) + 1.16. These re-

spective regression lines are statistically significantly different from one another.
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also noted the limited size of this effect. A recent 
meta-analysis of the collective findings concluded 
that age-related effects in the perception of short in-
tervals were consistent and substantive, with older 
people producing shorter intervals of time for a stan-
dard set duration than their younger counterparts. 
Furthermore, this analysis also revealed that older 
people are more variable in their estimates than are 
younger people (Block et al., 1998; see also Carrasco, 
Bernal, & Redolat, 2001). In a similar manner, there 
have been numerous empirical evaluations of the ef-
fect of sex on the estimate of short durations (e.g., 
Eisler & Eisler, 1992; MacDougall, 1904; Rammsayer, 
1998; Rammsayer & Lustnauer, 1989; Roeckelein, 
1972). Again, a meta-analysis of these experiments 
indicated that the overall effect of sex was small but 
statistically significant. However, revealed sex differ-
ences pertained largely to retrospective judgments of 
brief time intervals, with prospective judgments being 
less influenced by the sex of the participant (Block et 
al., 2000). Studies that have evaluated both age and 
sex effects in tandem are fewer in number (but see 
Bell, 1972). Some recent experimental results indicate 
systematic effects (e.g., Espinosa-Fernandez, Miro, 
Cano, & Buela-Casal, 2003). In general, the body 
of evidence concerning the interactive effects of age 
and sex are consistent with the studies that examine 
individual effects alone.
	 It is possible to compare the results of the pres-
ent investigation with those of one of the most recent 
evaluations of brief intervals. When the present results 
are compared with those of Espinosa-Fernandez et al. 
(2003, Figure 1[d]), which shows the estimates by males 
and females of different ages of a 5-min interval, there 
is evidence of an immediate degree of concordance. 
First, there is an evident effect for sex; second, there is 
a clear effect for age; and third, within the constraints 
of the age limits chosen in the present investigation, 
there is no interaction between age and sex. Such a 
conclusion seems to indicate a strong degree of concor-
dance between estimates as short as a few minutes and 
estimates as long as a prospective lifetime. However, 
the implied isomorphism between the respective pat-
terns of results is not justified. For if we examine the 
estimates for the 5-min interval we find that the males 
are more accurate with respect to the target value and 
also provide estimate values that are higher than those 
of their age-matched female peers.

	 Initially, this might appear to provide a conun-
drum and perhaps implicate the absolute duration of 
the estimate as the pivotal difference between the two 
sets of outcomes. However, absolute duration of the 
estimated interval might not be the critical, mediating 
difference. In the case of the Espinosa-Fernandez et al. 
(2003) experiment, the method used to elicit duration 
estimates was the production technique (see Bindra 
& Waksberg, 1956). The question at issue here is how 
the present Lines Test and its subsequent derivative 
procedure relate to this established production tech-
nique. One fact is well established: The production 
technique and a comparably common technique 
called verbal estimation tend to provide completely 
inverted results (see Zakay, 1990). Thus, if the two 
techniques are inversely related and the Lines Test 
is considered methodologically equivalent to a form 
of verbal estimation, then the contradictory findings 
concerning the absolute level of male and female 
differences may well be explained by this method-
ological inversion. At present, this appears to be the 
most favored explanation of such a difference rather 
than some account based on the differing intervals 
involved. However, how the various mechanisms that 
underlie the estimations of these very different lengths 
of time are related is as yet only poorly articulated.
	 The most common explanatory construct invoked 
to account for any pattern of time perception changes 
with aging is that of the internal clock. Indeed, varia-
tion in the frequency of an internal clock is often used 
to explain sex differences in time perception. When 
named in this fashion, the internal clock is not really 
an explanation at all. Rather, it is a redescription of 
the outcome findings using a convenient and gener-
ally accepted semantic label. If the internal clock is to 
represent a more profound level of theorizing, it has 
to be articulated at a greater level of compositional de-
tail. Fortunately, such a refined level of sophistication 
was provided decades ago in the careful and insightful 
work of Treisman (1963). Yet even this model is insuf-
ficient in itself. To produce a full explanation, we have 
to distinguish which element of Treisman’s model 
of the internal clock is directly affected by personal 
characteristics such as sex and age. For the present 
findings, the source of variation appears to lie with 
the central pacemaker element of the model.
	 Our search leads us to the identification of a 
factor that influences the frequency of the central 
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pacemaker and is consistent with both sex and age 
differences. The primary candidate for such a fac-
tor is metabolic rate and its covariate, body tem-
perature. It is well established that metabolic rate 
decreases with age (see Frisard et al., 2007; van Pelt 
et al., 1997; van Pelt, Dinneno, Seals, & Jones, 2001). 
Furthermore, there is also evidence of significant sex 
differences in metabolic rate (see Arciero, Goran, & 
Poehlman, 1993; Poehlman, Toth, Ades, & Calles-
Escandon, 2003). In fact, in the latter case there is 
evidence that such sex-related differences in me-
tabolism can be differentiated within the brain itself 
(see Gur et al., 1995). We also know that a strong 
correlate of metabolism, body temperature, certainly 
does affect the perception of short intervals of dura-
tion (Hancock, 1993). Also, there is evidence of a sex 
difference in body temperature (Lu & Dai, 2009; 
Shoemaker, 1996; but also see Motohashi, Higuchi, 
& Maeda, 1998), as well as sex differences in intrin-
sic circadian fluctuations (see Hancock, Vercruys-
sen, & Rodenberg, 1992; Wever, 2005).
	 The picture relating body temperature and meta-
bolic rate to aging is a little less clear (see Duffy & 
Czeisler, 2002), but current evidence suggests a re-
lationship consistent with the sequence established 
earlier in this article. It may also be possible that the 
reduction in dopamine across the life span is related 
to the present outcome (Mangan, Bolinskey, & Ru-
therford, 1997). This general explanatory sequence 
is also consistent with Treisman’s (1963) original 
observations concerning the influence of tempera-
ture and its effects on pacemaker frequency (see also 
Hoagland, 1933). From this information, we might 
well conclude that the present behavioral results 
are a direct outcome of the participant’s age and sex 
and the resultant metabolic rate (and related body 
temperature effects). Interindividual variability then 
reflects individual differences in metabolic rate, at 
any particular age or for either sex. Thus, we appear 
to have a consistent and plausible explanation at the 
neurophysiologic level for the pattern of findings re-
ported. However, what is as yet uncertain is whether 
such influences that seem to affect judgments on the 
order of a few seconds in duration actually pertain to 
intervals as long as a lifetime, which assuredly must 
also involve some greater level of cognitive apprais-
al and the strong involvement of autobiographical 
memory. Although this is a form of explanation at one 

level of analysis, it may also be a reasonable strategy 
to embrace a second, cognitive-based explanation of 
the present findings (see Schiffman, 2000).
	 Indeed, one can argue that the present response 
data derive directly from immediate cognitive judg-
ments and must at least to some degree be the direct 
result of a form of scaling appraisal (see Glicksohn, 
2001). That is, for participants to express their opin-
ion, whether using either version of the Lines Test, 
they must begin with some general notion of their 
own potential longevity. Indeed, it is evident from 
the data collection process that some participants 
engage in an overt computational appraisal. They 
often make statements such as “I expect to live to 
80; the future mark should be made here.” Numer-
ous participants made either explicitly expressed or 
obviously derived quantitative calculations. Thus, 
in addition to sufficient neurophysiologic accounts 
of the present pattern of data, we must also seek an 
equivalently satisfying explanation of these findings 
at the cognitive level of analysis.
	 One obvious source of cognitive-level explana-
tion lies in this formerly mentioned scaling activ-
ity. This scaling conception can be understood 
by considering the proportion of a person’s life as 
represented by the coming year. For example, for 
a 20-year-old person, the coming year represents 
5% of their present existence (i.e., 1/20 = 5%). For 
a 50-year-old, the same interval represents only 2% 
of their existence to that time (i.e., 1/50 = 2%). Us-
ing this scaling algorithm, it is possible to derive a 
function for the scaled perception of aging across 
the life span (see also Schiffman, 2000). Because 
we know that males and females have different life 
expectancies, two separate functions can be gener-
ated in which the value of any forthcoming year can 
been scaled to the overall current life expectancy for 
males and females (i.e., males = 75.2, females = 80.4) 
(U.S. Department of Health and Human Services, 
2007, Table 27, p. 175). Such functions match, in 
general, the overall pattern of the response data in 
the present investigations (also see Craik & Hay, 
1999). Attractive as such a curve-fitting exercise is, 
the current inability to match the quantitative as-
pects of the relevant dependent variables renders 
this scaling notion an interesting possibility but far 
from an exclusive explanation of the current pat-
tern of results. However, because the notion of life 
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scaling is consistent with the reported outcomes, 
some general form of this cognitive appraisal must 
underlie the pattern of the data observed.
	 At present, the nominal scaling explanation does 
not account for the inversion in the difference scores. 
Looking at the absolute levels of the differences ob-
tained, we must seek a further explanation as to why 
younger people overestimate their current age, where-
as their older peers systematically underestimate their 
current life location. One potential reason could lie 
in the present sampling process. Participants in the 
present sample were drawn from the environs of a 
large university and may have had the reasonable ex-
pectation of greater than average life expectancy given 
their local standard of living (Keith, 1981–1982; Lehr, 
1967). Furthermore, the intellectual stimulation that 
accompanies such circumstances has been implicated 
in a more beneficial aging process. However, this is 
largely a post hoc account, and direct comparisons 
across socioeconomic groups and differing spatial 
locations would be needed to substantiate it with 
any certainty. A second possibility might lie in the 
simple fact that older people are more afraid of death. 
Because placing any termination mark on the line 
indicates one’s personal demise, placing that mark 
closer to the present time might simply be an aversive 
act that people shy away from, especially as they get 
older and closer to that event itself. Such an aversion 
factor is important to consider in any future investiga-
tions of life span estimation.
	 Of course, the two levels of explanation, the neu-
rophysiologic and the cognitive, are not mutually 
exclusive. Both could be operating to produce the 
outcome data, and at present we have no indepen-
dent data concerning, for example, body temperature 
or metabolism to distinguish whether the two forms 
of explanation can be separated. This awaits future 
investigation. What is evident is that there is a system-
atic change in the person’s perception of his or her life 
expectancy across the life span and that expectancy 
is tempered by the sex of the person so tested. These 
data appear to be consistent with results from inves-
tigations of short temporal intervals, implying some 
form of memory accumulation for autobiographical 
status across the life span that is related to everyday 
attention. The way in which the apperception of very 
brief intervals of time and extended intervals up to 
the full life span can be integrated into a single model 

of human temporal processing remains a significant 
practical and theoretical challenge.

Notes

I am grateful to the student volunteers who acted as coders 
in Study 1; to my colleague Dr. Tal Oron-Gilad for her as-
sistance with the data collection and analysis for Study 1; to 
Dr. James Szalma for his help in all phases of data analysis for 
the present work; to the reviewers of this work. Professors 
Joel Warm, Joseph Glicksohn, and Marc Wittman, for their 
insightful comments and observations, which have signifi-
cantly contributed to the final work; and to the editor for his 
comments and suggestions, which also helped improve this 
article. The final presentation is my own, and any remaining 
errors are my responsibility.
	 Address correspondence about this article to P. A. 
Hancock, Department of Psychology, University of Central 
Florida, Orlando, FL 32816-1390 (e-mail: phancock@mail 
.ucf.edu).

References

Angrilli, A., Cherubini, P., Pavese, A., & Mantredini, S. 
(1997). The influence of affective factors on time percep-
tion. Perception & Psychophysics, 59, 972–982.

Arciero, P. J., Goran, M. I., & Poehlman, E. T. (1993). Resting 
metabolic rate is lower in women than in men. Journal of 
Applied Physiology, 75, 2514–2520.

Bell, C. R. (1972). Accurate performance of a time estimation 
task in relation to sex, age and personality variables. Per-
ceptual and Motor Skills, 22, 398.

Bindra, D., & Waksberg, H. (1956). Methods and terminol-
ogy in studies of time estimation. Psychological Bulletin, 
53, 155–159.

Block, R. A., Hancock, P. A., & Zakay, D. (2000). Sex dif-
ferences in duration judgments: A meta-analytic review. 
Memory & Cognition, 28, 1333–1346.

Block, R. A., Zakay, D., & Hancock, P. A. (1998). Human 
aging and duration judgments: A meta-analytic review. 
Psychology and Aging, 13, 584–596.

Bschor, T., Ising, M., Bauer, M., Lewitzka, U., Skerstu-
peit, M., Müller-Oerlinghausen, B., et al. (2004). Time 
experience and time judgment in major depression, mania 
and healthy subjects. A controlled study of 93 subjects. 
Acta Psychiatrica Scandinavica, 109, 222–229.

Carrasco, M. C., Bernal, M. C., & Redolat, R. (2001). Time 
estimation and aging: A comparison between young and 
elderly adults. International Journal of Aging & Human 
Development, 52, 91–101.

Cohen, J., Hansel, C. E. M., & Sylvester, J. (1954). An experi-
mental study of comparative judgements of time. British 
Journal of Psychology, 55, 108–114.

Cottle, T. J. (1976). Perceiving time: A psychological investiga-
tion with men and women. New York: Wiley.

Cottle, T. J. (1977). The time of youth. In B. S. Gorman & 

perception of time in life  •  11



A. E. Wessman (Eds.), The personal experience of time 
(pp. 163–189). New York: Plenum.

Craik, F. I. M., & Hay, J. F. (1999). Aging and judgments of 
duration: Effects of task complexity and method of esti-
mation. Perception & Psychophysics, 61, 549–560.

Cronbach, L. J. (1957). The two disciplines of scientific psy-
chology. American Psychologist, 12, 263–270.

Doob, L. W. (1971). The patterning of time. New Haven, CT: 
Yale University Press.

Duffy, J. F., & Czeisler, C. A. (2002). Age-related change 
in the relationship between circadian period, circadian 
phase, and diurnal preference in humans. Neuroscience 
Letters, 318, 117–120.

Eisler, H. (1996). Time perception from a psychophysicist’s 
perspective. In H. Helfrich (Ed.), Time and mind (pp. 
65–86). Seattle: Hogrefe and Huber.

Eisler, H., & Eisler, A. (1992). Time perception: Effects of 
sex and sound intensity on scales of subjective duration. 
Scandinavian Journal of Psychology, 33, 339–358.

Espinosa-Fernandez, L., Miro, E., Cano, M., & Buela-
Casal, G. (2003). Age-related changes and gender differ-
ences in time estimation. Acta Psychologica, 112, 221–232.

Fozard, J. L., Vercruyssen, M., Reynolds, S. L., Hancock, P. A., 
& Quilter, R. E. (1994). Age differences and changes in 
reaction time: The Baltimore longitudinal study of aging. 
Journal of Gerontology: Psychological Sciences, 49, 179–189.

Frisard, M. I., Broussard, A., Davies, S. S., Roberts, L. J., 
Rood, J., de Jonge, L., et al. (2007). Aging, resting meta-
bolic rate, and oxidative damage: Results from the Louisi-
ana healthy aging study. Journal of Gerontology: Biologi-
cal Sciences and Medical Sciences, 62, 752–759.

Gallagher, S. (2009). Consciousness of time and the time of 
consciousness. In W. Banks (Ed.), Elsevier encyclopedia of 
consciousness. London: Elsevier.

Glicksohn, J. (2001). Temporal cognition and the phenom-
enology of time: A multiplicative function for apparent 
duration. Consciousness and Cognition, 10, 1–25.

Gur, R. C., Mozley, L. H., Mozley, P. D., Resnick, S. M., 
Karp, J. S., Alavi, A., et al. (1995). Sex differences in re-
gional cerebral glucose metabolism during a resting state. 
Science, 267(5197), 528–531.

Halpern, D. F. (2000). Sex differences in cognitive abilities. 
Mahwah, NJ: Erlbaum.

Hancock, P. A. (1993). Body temperature influences on time 
perception. Journal of General Psychology, 120, 197–216.

Hancock, P. A. (2002). The time of your life. KronoScope, 
2(2), 135–165.

Hancock, P. A., Vercruyssen, M., & Rodenburg, G. (1992). 
The effect of gender and time-of-day on time perception 
and mental workload. Current Psychology: Research and 
Reviews, 11, 203–225.

Hoagland, H. (1933). The physiological control of judgments 
of duration: Evidence of a chemical clock. Journal of 
General Psychology, 9, 267–287.

Kant, I. (1781). Kritik der reinen Vernunft [Critique of pure 
reason]. Riga, Latvia: Hartknocht.

Keith, P. M. (1981–1982). Perceptions of time remaining and 
distance from death. Omega, 12(4), 307–318.

Kirkcaldy, B. D. (1984). Individual differences in time estima-
tion. International Journal of Sports Psychology, 15, 11–24.

Lehr, U. (1967). Attitudes toward the future in old age. Hu-
man Development, 10, 230–238.

Lemlich, R. (1975). Subjective acceleration of time with aging. 
Perceptual and Motor Skills, 4, 235–238.

Lu, S., & Dai, Y. (2009). Normal body temperature and the 
effects of age, sex, ambient temperature and body mass 
index on normal oral temperature: A prospective, com-
parative study. International Journal of Nursing Studies, 
46, 661–668.

MacDougall, R. (1904). Sex differences in the sense of time. 
Science, 9, 707–708.

Mangan, P. A., Bolinskey, P. K., & Rutherford, A. L. (1997). 
Underestimation of time during aging: The result of age-
related dopaminergic changes? Society for Neuroscience, 
23, 203.

Motohashi, Y., Higuchi, S., & Maeda, A. (1998). Men’s time, 
women’s time: Sex differences in biological time struc-
ture. Applied Human Science, 17, 157–159.

Nitardy, F. W. (1943). Apparent time acceleration with age of 
the individual. Science, 98(2535), 110.

Perbal, S., Droit-Volet, S., Isingrini, M., & Pouthas, V. 
(2002). Relationships between age-related changes in time 
estimation and age-related changes in processing speed, 
attention, and memory. Aging, Neuropsychology, and Cog-
nition, 9, 201–216.

Poehlman, E. T., Toth, M. J., Ades, P. A., & Calles- 
Escandon, J. (2003). Gender differences in resting meta-
bolic rate and noradrenaline kinetics in older individuals. 
European Journal of Clinical Investigation, 27, 23–28.

Rakowski, W. (1979). Future time perspective in later adult-
hood. Experimental Aging Research, 5, 43–88.

Rammsayer, T. H. (1998). Temporal information process-
ing in male and female subjects. Studia Psychologica, 33, 
171–183.

Rammsayer, T. H. (2001). Ageing and temporal processing 
of durations within the psychological present. European 
Journal of Cognitive Psychology, 13, 549–565.

Rammsayer, T. H., & Lustnauer, S. (1989). Sex differences in 
time perception. Perceptual and Motor Skills, 68, 195–198.

Roeckelein, J. E. (1972). Sex differences in time estimation. 
Perceptual and Motor Skills, 35, 859–862.

Rumenik, D., Capasso, D., & Hendrick, C. (1977). Experi-
menter sex effects in behavioral research. Psychological 
Bulletin, 84, 852–877.

Schiffman, H. R. (2000). Sensation and perception: An inte-
grated approach (5th ed.). New York: Wiley.

Shoemaker, A. L. (1996). What’s normal? Temperature, gen-
der, and heart rate. Journal of Statistics Education, 4(2). 

12  •  hancock



Retrieved March 21, 2009, from http://www.amstat.org/
publications/jse/v4n2/datasets.shoemaker.html

Stevens, S. S. (1957). On the psychophysical law. Psychologi-
cal Review, 64(3), 153–181.

Thompson, D. W. (1992). On growth and form. Cambridge: 
Cambridge University Press. (Original work published 
1917.)

Treisman, M. (1963). Temporal discrimination and the indif-
ference intervals: Implications for a model of the internal 
clock. Psychological Monographs, 77(Whole No. 576).

U.S. Department of Health and Human Services. (2007). 
Health, United States, 2007. Hyattsville, MD: National 
Center for Health Statistics.

van Pelt, R. E., Dinneno, F. A., Seals, D. R., & Jones, P. P. 
(2001). Age-related decline in RMR in physically active 
men: Relation to exercise volume and energy intake. 
American Journal of Physiology, 281, 633–639.

van Pelt, R. E., Jones, P. P., Davy, K. P., Desouza, C. A., 
Tanaka, H., Davy, B. M., et al. (1997). Regular exercise 
and the age-related decline in resting metabolic rate in 
women. Journal of Clinical Endocrinology & Metabolism, 
82, 3208–3212.

Wever, R. A. (2005). Sex differences in human circadian 
rhythms: Intrinsic periods and sleep fractions. Cellular 
and Molecular Life Sciences, 40, 1226–1234.

Wittmann, M., & Lehnhoff, S. (2005). Age effects in percep-
tion of time. Psychological Reports, 97, 921–935.

Woodrow, H. (1951). Time perception. In S. S. Stevens (Ed.), 
Handbook of experimental psychology (pp. 1224–1236). 
New York: Wiley.

Zakay, D. (1990). The evasive art of subjective time measure-
ment: Some methodological dilemmas. In R. A. Block 
(Ed.), Cognitive models of psychological time (pp. 59–84). 
Hillsdale, NJ: Erlbaum.

perception of time in life  •  13




