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Abstract

Background/Study Context—Research suggests that mental representations of time
encompass multiple distinct aspects that vary with age, but prior studies rarely assessed more than
one aspect of time perception and did not systematically consider relevant covariates. This lack of
integration across studies hampers theory building and limits a deeper understanding of underlying
constructs.

Methods—Five widely used and conceptually distinct measures of time perception (i.e.,
perceived life position, global future horizons, future orientation and planning, self-continuity, and
the temporal extension of episodic future thought) were administered to a demographically
stratified adult life-span sample. Theoretically implicated covariates including cognition, current
affect, personality, and subjective health were also assessed.

Results—Principle component analyses suggested a four-component solution. Perceived life
position and global future horizons formed a single component reflecting subjective life span; the
remaining measures each constituted separate components. The life span component and episodic
future thought were negatively associated with age, self-continuity was positively associated with
age, and future orientation did not vary by age. Among the covariates, mental and physical health
showed the most pronounced associations with time perceptions, but the direction of effects varied
across components.

Conclusion—Findings suggest that mental representations of time encompass multiple
components that show distinct age patterns and associations with covariates. Implications for
theory building and practical applications are discussed.
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A growing body of research indicates that the way people perceive and structure their time
and envision their future varies systematically across the adult life span (for reviews see
Lockenhoff, 2011; McFadden & Atchley, 2001). These age-related shifts in mental
representations of time have been linked to consequential outcomes including social partner
preferences (Lang & Carstensen, 2002), financial decisions (Léckenhoff, O’Donoghue, &
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Dunning, 2011), and medical choices (L6ckenhoff & Carstensen, 2007; Léckenhoff et al.,
2013). However, our current understanding of such effects is limited in several respects.
First, time perception has been defined and assessed in multiple ways. Because most studies
selectively examine one of these aspects at a time, it is not clear to what extent age patterns
in different measures of time perception are related to each other. This hampers integration
across studies because age differences in the same underlying concept may be assessed with
different measures and reported in disjoint streams of literature. As a result, researchers may
be replicating each other’s efforts without knowing it. Second, because explanatory
frameworks have disproportionately focused on age-related limitations in actuarial life
expectancy (e.g., Carstensen, 2006; Hancock & Rausch, 2010), the role of other theoretically
implicated covariates is poorly understood. This limits theory building because it is not clear
whether any observed age differences reflect age per se or age-associated changes in other
variables.

In response to these open questions, the present study examined age differences in five
widely used and conceptually distinct measures of time perception in an adult life-span
sample. We also assessed a range of theoretically implicated covariates. To put our research
into context, we now review prior evidence for age-related shifts in different aspects of time
perception and consider relevant explanatory factors. We then present the rationale and
hypotheses for the present study.

Age Differences in Mental Representations of Time

The existing literature on age differences in time perception can be classified broadly into
four categories: global time horizons pertaining to the life span as a whole, general thoughts
about the future and one’s future self, construals of concrete future events, and the
estimation of actual time intervals (Lockenhoff, 2011). Because the present study seeks to
examine age differences in mental representations of time, we focus on the first three of
these categories (for reviews of age differences in estimations of actual time, see Block,
Zakay, & Hancock, 1998; McAuley, Jones, Holub, Johnston, & Miller, 2006).1

Global time horizons refer to a person’s general perspective on their position within the
entirety of their psychological past, present, and future—constituting their “life space”
(Lewin, 1951, p. 246). At the most basic level, this includes the representation of one’s
perceived location in the life span, which is typically assessed using a straight line anchored
by the terms “birth’ and “death’ on which participants are asked to mark their current
standing (Cottle & Pleck, 1969; Hancock, 2010). Not surprisingly, aging is linked with a
tendency to perceive oneself as farther advanced on this continuum; although, relative to
their actuarial life expectancy, older adults tend to underestimate their life position to a
greater extent (Hancock, 2010; Kleinspehn-Ammerlahn, Kotter-Grithn, & Smith, 2008).

1of course, perceptions of time encompass both the past and the future (Lewin, 1951). However, past perceptions draw heavily on age
differences in memory processes which have been the focus of decades of intensive research (for reviews see Craik & Salthouse, 2008;
Salthouse, 2010). The present study therefore prioritizes age differences in perceptions and conceptualizations of future time that
remain comparatively underexplored.
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A complementary approach to conceptualizing global time horizons has emphasized the
extent to which individuals experience time as limited versus expansive (Carstensen, 2006;
Carstensen, Isaacowitz, & Charles, 1999). This perspective not only considers perceptions of
lifetime per se, but also captures the implications of expanded versus limited time horizons
for future opportunities and goal pursuit (Carstensen & Lang, 1996). Consistent with age
patterns in life position, older as compared to younger adults were found to perceive their
global time horizons and future possibilities as more limited (Carstensen, 2006; Carstensen
etal., 1999; Fung, Carstensen, & Lutz, 1999; Fung, Lai, & Ng, 2001).

Taken together, the literature suggests that chronological age is associated with both a more
advanced life position and more limited future horizons, but the association between these
concepts has yet to be systematically examined.

General future-directed thought differs from global time horizons in that it captures broad
cognitive frames of thinking about the future (relative to the present or the past) without any
references to specific endpoints or concrete future events. Specifically, Zimbardo and Boyd
(1999) conceptualize future orientation as the degree to which individuals emphasize
forward planning and the achievement of future goals. Although future orientation is
considered as a learned tendency, once established, it is thought to remain relatively stable
over time (Zimbardo & Boyd, 1999). To date, research on adult age differences in future
orientation is equivocal: Data from a U.S. student sample and a French sample of older
adults suggest that future orientation increases with age (Gana, Klein, Saada, & Trouillet,
2013; Zimbardo & Boyd, 1999), data from a U.S. community sample indicate a curvilinear
age pattern with highest future orientation scores in midlife (Guthrie, Lessl, Ochi, & Ward,
2013), and data from a U.S. patient sample reveal no age effects (Laguette et al., 2013).

Beyond generalized measures of future orientation, one specific aspect of future thought that
has garnered recent interest is self-continuity, defined as the degree to which individuals
perceive themselves as similar to their future self. This concept has been explored /implicitly
by asking people to indicate whether or not a series of trait adjectives describes them at
present and in the future (e.g., Wakslak, Nussbaum, Liberman, & Trope, 2008, Study 4;
Ersner-Hershfield, Garton, Ballard, Samanez-Larkin, & Knutson, 2009; Ersner-Hershfield,
Wimmer, & Knutson, 2009, Study 2; D’ Argembeau et al., 2010) and explicitly by asking
participants to indicate the degree of overlap between their current and future selves on a
visual scale of overlapping circles (Ersner-Hershfield, Garton, et al., 2009). So far, research
on age differences in future self-continuity is limited, with one study suggesting that older
age is associated with greater perceived continuity with one’s future self (Hershfield, 2011)
and another suggesting that when asked to generate future selves, older adults create selves
that are temporally closer than those of their younger counterparts (Chessell, Rathbone,
Souchay, Charlesworth, & Moulin, 2014).

In summary, research on age differences in future directed thought is very limited, findings
are inconsistent, and associations between future orientation (as defined by Zimbardo &
Boyd, 1999) and continuity with one’s future self remain to be explored.
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Episodic future thought, finally, refers to people’s construal of concrete future events.
Typical scenarios ask participants to list a number of specific and personal events that they
are likely to encounter in the future and to indicate at which point in time they expect each
event to occur (Fellows & Farah, 2005; Schacter, Addis, & Buckner, 2007; Schacter,
Gaesser, & Addis, 2013; Spreng & Levine, 2006; Wallace, 1956). The distribution of
generated events usually follows a power function with the majority of events clustered in
the near future (Spreng & Levine, 2006), but for older as compared to younger adults this
function appears to have a steeper slope with an even smaller number of events reported in
the distant future (Schacter et al., 2013; Spreng & Levine, 2006).

To recapitulate, the existing literature on age differences in mental representations of time
suggests that compared to younger adults, older adults view their global horizons as more
limited, perceive their future selves as more proximal and more continuous with their current
selves, and engage in episodic future thought about less distant events. Although these age
patterns are generally consistent with each other, there are some exceptions (future
orientation, for instance, shows a mixed pattern of age effects), and correlation patterns
among specific aspects of time perception have yet to be systematically examined. For
instance, Cottle and Pleck’s (1969) life position measure and Carstensen and Lang’s (1996)
Future Time Perspective Scale appear to tap into closely related concepts and show similar
age patterns, but it remains unknown whether the two assessments are empirically related.
Moreover, relatively little is known about the role of potential covariates.

Covariates

Prior research has considered a range of correlates of individual differences in mental
representations of time. However, the empirical record is somewhat disjointed, as some
aspects of time horizons and some types of correlates have been more thoroughly researched
than others.

Demographic variables

Given the inherent association between advanced chronological age and mortality, the
majority of studies examining demographic predictors of time horizons have focused on the
role of actuarial life expectancy (for a review see Lockenhoff, 2011). Apart from its
association with mortality, age may affect mental representations of time by shifting the ratio
of a specific future time interval relative to the years already lived (e.g., five years represent
1/4 of lived years for a twenty-year-old but 1/16 of lived years for an octogenarian; Lemlich,
1975). Other demographic variables may play a role in mental representations of time as
well. Women are more accurate than men in estimating their position in the life span relative
to their actuarial life expectancy (Hancock, 2010), but show lower levels of future
orientation than their male counterparts (Padawer, Jacobs-Lawson, Hershey, & Thomas,
2007). Further, being societally disadvantaged or part of an underrepresented minority limits
not only actuarial life expectancy (Murray et al., 2006), but also future thought and planning
(Padawer et al., 2007; Sirin, Diemer, Jackson, Gonsalves, & Howell, 2004).
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Physical and emotional well-being

To some extent, the links between demographic variables and time perception may reflect
shared variance with physical health (Guthrie, Butler, & Ward, 2009; Lasser, Himmelstein,
& Woolhandler, 2006). On the one hand, physical health may influence time perception:
Poor physical health places limitations on global time horizons — even among younger adults
(Kooij & Van De Voorde, 2011; Rasmussen & Elverdam, 2007). Moreover, false feedback
indicating to older adults that they physically outperformed their age peers on a grip strength
task subsequently lowered their perceived life position (Stephan, Chalabaev, Kotter-Griihn,
& Jaconelli, 2013). On the other hand, time perception may influence physical health:
Individuals with lower levels of future-oriented thought and shorter future time horizons are
less likely to engage in preventive health behaviors and more likely to engage in risky
activities which may ultimately result in poorer health outcomes (Daugherty & Brase, 2010;
Gellert, Ziegelmann, Lippke, & Schwarzer, 2012; Sansbury, Dasgupta, Guthrie, & Ward,
2014; Whitaker et al., 2011). Thus rather than being unidirectional, the relationship between
mental representations of time and physical health appears to be reciprocal.

Mental health and emotional well-being are associated with time horizons as well, and,
again, the pattern of associations appears to be complex. On the one hand, socioemotional
selectivity theory, a life-span theory of motivation (Carstensen, 2006), argues that age-
related limitations in future time horizons lead to a prioritization of emational well-being in
the present moment. Consistent with the theory, age-related limitations in global horizons
were found to be associated with the pursuit of emotion regulatory goals, an emphasis on
positively valenced stimuli, and—ultimately—more positive emotional states (Charles &
Carstensen, 2010; Ldckenhoff & Carstensen, 2008; Reed & Carstensen, 2012). However,
whereas shorter global time horizons may benefit older adults’ mental health, greater future
orientation and planning have been linked to positive emotionality (Desmyter & De Raedt,
2012). Moreover, longitudinal decreases in future orientation portended subsequent declines
in well-being in an older sample (Kotter-Griihn & Smith, 2011). Thus, associations between
time perspective and well-being appear to show divergent patterns across different aspects of
time perception.

Cognition and personality

Age-related changes in cognition (for a review see Craik & Salthouse, 2008), may affect
perceptions and conceptualizations of time as well. Specifically, reductions in processing
speed can partially account for age differences in the subjective speed of time (Baudouin,
Vanneste, Pouthas, & Isingrini, 2006), age-related decrements in executive functioning may
limit future planning (de Paula, Neves, Levy, Nassif, & Malloy-Diniz, 2012), and reductions
in working memory capacity may limit the accurate mental simulation of future events
(Cole, Morrison, & Conway, 2013).

However, not all aspects of cognition are negatively affected by age. Semantic world
knowledge, for example, is fairly well-preserved with age (Craik & Salthouse, 2008) and
may be used to derive accurate predictions about future events without having to rely on
complex mental simulations. Moreover, healthy aging is associated with modest increases in
conscientiousness (Roberts, Walton, & Viechtbauer, 2006), a dispositional tendency towards
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planful and organized behavior. This personality trait has been linked with increased future
thought and planning (Prenda & Lachman, 2001; Zimbardo & Boyd, 1999) and may
counteract some of the detrimental effects of age-related reductions in fluid intelligence on
people’s ability to anticipate their future.

The Present Study

Method

Participants

In summary, prior evidence suggests that mental representations of time encompass several
distinct concepts that appear to vary with age and show differential associations with
relevant covariates. Because studies rarely examine more than one of these concepts at a
time, correlations among them and their relative associations with age and other relevant
covariates remain unclear. Thus the existing literature lacks integration—it is unknown how
the various conceptualizations of time perception map onto each other. Consequently,
theory-building is limited because overarching associations among age differences in
different aspects of time perception remain elusive.

As a step towards addressing these questions, the present study examined age differences
and patterns of associations among five widely used and conceptually distinct measures of
time perception including perceived position in the life span (Hancock, 2010), future time
horizons (Carstensen & Lang, 1996), general future orientation and planning (Zimbardo &
Boyd, 1999), self-continuity (Ersner-Hershfield, Garton, et al., 2009), and the temporal
extension of episodic future thought (Fellows & Farah, 2005). The measures were
administered to a demographically stratified adult life-span sample along with assessments
of relevant covariates including cognitive functioning, current affect, personality, and
subjective health.

Based on the prior literature, we expected that age would be negatively associated with life
position, future time horizons, and the temporal extension of episodic future thought,
positively associated with self-continuity, and unrelated to future-oriented thought and
planning. A central goal of the present research was to uncover patterns of association
among different assessments of time perception. Given the aforementioned similarities in
theoretical conceptualizations and age patterns for life position (Hancock, 2010) and future
time horizons (Carstensen & Lang, 1996), we suspected that the two measures might reflect
the same underlying construct. We also examined potential associations among the
remaining time perception measures although — based on the relatively distinct theoretical
frameworks underlying each measure — we did not expect to find strong links among them.

Finally, we predicted that covariates would show differential associations with specific
aspects of time perception but, because of the aforementioned gaps in in the research record,
we focused on exploratory analyses without posing any specific hypotheses.

Ninety community-dwelling participants (aged 21-89) from Tompkins County, NY were
recruited through posted flyers, newspaper and internet advertisements, and through an
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existing database. Undergraduate students were explicitly excluded because they are in a
unique life situation which could conceivably skew their time perceptions (especially in the
case of graduating seniors who are about to undergo a major life transition; Fredrickson,
1995).

Participants were compensated $15 for their time. To obtain an adult life-span sample that
was balanced with regard to gender and race, participants were recruited by age group (< 40
years, 40-59, 60 and over) and selectively enrolled to maintain the same proportion of
demographic characteristics within each group. The final age distribution did not show any
age clusters and subsequent analyses therefore treated age as a continuous variable.

The second column of Table 1 reports demographic characteristics and shows mean values
in our sample for the time perception measures and potential covariates. Due to computer
failure and/or experimenter error, four participants had missing data on the Digit-Symbol
measure, three participants had missing data on the SF-12 measure and one participant had
missing data on the life position measure. Cases with missing data were excluded pairwise
for correlations and list-wise for all other analyses.

Life position was assessed with the Lines Test (Cottle & Pleck, 1969) following Hancock
(2010). Participants were shown a horizontal line (160 mm in length), with birth marked on
the left end and death on the right end. They were instructed to indicate their subjective
position by drawing a vertical line at the appropriate point along the timeline. The distance
(in mm) measured from the left end to the mark defined subjective position in the life span.

Future time horizon was measured with the Future Time Perspective Scale (FTP, (Carstensen
& Lang, 1996; Lang & Carstensen, 2002). Participants rated the degree to which they agreed
with ten statements using a 7-point Likert scale. Statements covered topics such as the extent
to which participants felt they had many remaining future opportunities, expected to set new
goals in the future, and perceived their future was open-ended versus time-limited (Lang &
Carstensen, 2002). The scale was scored by reversing negatively worded items and summing
the responses. Cronbach’s alpha was .94.

Future orientation was measured by the Future subscale from the Zimbardo Time
Perspective Inventory (ZTPI; Zimbardo & Boyd, 1999). Items include the tendency to plan
ahead, follow a predictable schedule, and make steady progress on long-term projects
(Zimbardo & Boyd, p. 1287). After reversing negatively scored items, responses were
summed. Cronbach’s alpha was .77.

Future self-continuity was assessed following Ersner-Hershfield and colleagues’ (Ersner-
Hershfield, Garton, et al., 2009) modification of the Inclusion of Other in the Self Scale
(Aron, Aron, & Smollan, 1992). Participants were shown 7 pairs of circles labeled “current
self” and “future self” ranging from complete separation to nearly complete overlap.
Participants indicated perceived similarity with their future self (3 months from now) on a
scale from 1 (least similar) to 7 (most similar).
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Episodic future thought was assessed following the procedure by Wallace (1956) as
described in Fellows and Farah (2005). An experimenter asked participants to generate five
events that might happen to them at some point in the future. After noting down all five
events, the experimenter asked participants how far into the future they expected each event
to occur. Subsequent analyses focused on the delay (in years) to the most proximal
(minimum distance) and most distal event (maximum distance).

Cognitive ability was assessed with a battery capturing processing speed (Digit-Symbol
Coding; Wechsler, 1981), working memory (letter-based N-Back; n = 2; Ragland et al.,
2002), and vocabulary (Nelson-Denny Reading Test, 25-item vocabulary scale, Nelson,
Denny, & Brown, 1960).

Current affect was assessed with two items adapted from Nielsen, Knutson, and Carstensen
(2008) asking participants to rate their current emotional state on 7-point scales indicating
valence (1 = very negative to 7 = very positive) and arousal (1 = not aroused at all to 7 very
aroused).

Subjective health was assessed with the SF-12 (Ware, Kosinski, & Keller, 1998). This
measure is widely used in psychological and clinical research and yields scores for both
mental health and physical health. Scores were computed using the recommended scoring
algorithms (Ware et al., 1998).

Personality traits were screened with a 10-item version of the Big Five Inventory
(Rammstedt & John, 2007) assessing neuroticism, extraversion, openness, agreeableness,
and conscientiousness with two items each. In spite of its short length, this measure was
previously shown to have acceptable reliability and validity indices (Rammstedt & John,
2007). After reversing negatively scored items, we computed sums for each of the traits.

The study was conducted individually in a laboratory room. Participants provided informed
consent, responded to demographic questions and ratings of current affect, and completed
assessments of personality, self-rated health, and multiple aspects of time horizons. After a
series of unrelated tasks involving decision making and regret, participants completed the
cognitive measures. They were then debriefed and paid for their participation.

Measures were administered using E-Prime software (Version 2.0; Psychology Software
Tools, 2009) with the exception of the Digit-Symbol measure and the life position measure
(administered with paper and pencil), and the episodic future thought measure (administered
orally).

Data Analyses

In preliminary analyses, we obtained descriptive information for each of the demographic
characteristics, covariates, and time perception measures and examined their associations
with age. This provided a general characterization of the sample and allowed us to assess
whether the intended stratification of demographic characteristics across age groups was
successful. We also computed raw correlations among all variables to assess whether
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previously observed age differences in time perception measures and covariates were
replicated in the present sample.

Next, we examined the degree to which the different time perception measures assessed
distinct constructs. To this end we conducted a principal component analysis (Suhr, 2005)
with Varimax rotation and Kaiser Normalization. Finally, we conducted regression analyses
to examine the role of covariates for age differences in each of the different components.

Preliminary Analyses

Descriptive statistics are shown in the second column of Table 1. Participants ranged in age
from 21 to 89 years. Because we intentionally oversampled older adults, our sample was
older, less diverse, and more female than the local population in Tomkins County, NY
(http://quickfacts.census.gov/). Sex and racial composition did not differ significantly by age
indicating that age-stratification with regard to those characteristics was successful.

Correlations with age are shown in the third column of Table 1 and allowed us to examine
whether previously observed age differences in covariates and individual time perception
measures were replicated in the present sample. Consistent with the literature on cognitive
aging (Salthouse, 2010), higher chronological age was associated with higher crystallized
abilities (vocabulary scores) but lower fluid abilities (working memory and processing speed
scores). Age differences in subjective health also showed typical patterns (Happell & Koehn,
2011) in that higher age was associated with better mental but worse physical health. There
were no significant associations between age and current affective valence and arousal, but
for personality traits, we observed common age-related patterns suggesting decreases in
neuroticism and increases in agreeableness (e.g., Roberts et al., 2006; Terracciano, Costa, &
McCrae, 2006), although these effects remained at the trend level (ps = .1). Finally, we
replicated prior research on age differences in time perception: Age was associated with a
more advanced life position, more limited global horizons, greater self-continuity, and a
shorter extension of episodic future thought, but unrelated to general future orientation. In
combination, these findings indicated that the present sample showed typically observed age
patterns in time perceptions and relevant covariates and was therefore well-suited to conduct
the intended analyses.

Associations Among Time Perception Measures

As seen in the bottom right portion of Table 1, there were significant correlations among the
different aspects of time perception. As expected, there was a strong association between a
more advanced position in the life span and a more limited future time horizon, but beyond
that, each of the time perception measures under consideration was significantly associated
to at least one of the other measures.

To further examine this pattern of associations, we conducted a principal component
analysis. The Eigenvalue criterion suggested a 2-component solution, but this solution only
accounted for 56% of the variance, and two of the variables (self-continuity and future
orientation) did not load highly on either component. A four component solution supported
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by the Scree test offered a better fit explaining 85% of the variance (shown in Table 2). In
this solution, life position and FTP scores constituted the first component reflecting global
life span, the minimum and maximum extension of episodic future thought constituted the
second component, and future self-continuity and future orientation each formed a separate
component.

Associations with Age and Other Covariates

Figure 1 shows linear associations between chronological age and each of the 4 component
scores. Adding quadratic and cubic effects of age did not yield a significant increase in
explained variance (all ps > .5). As seen in the figure, Component 1 (reflecting global life
span) showed a substantial age-related decrease. Component 2 (extension of episodic future
thought) also showed a decrease with age although the effect was more moderate in size.
Component 3 (self-continuity), in turn, showed a moderate increase with age, whereas
Component 4 (future oriented thought and planning) did not vary by age.

Next, we examined the extent to which the different types of covariates could account for the
observed age effects in Components 1, 2, and 3. Current affect and personality were not
considered because correlational analyses indicated that they were not significantly
associated with age in the present sample (see Table 1). For each of the three components,
we computed a regression analysis with age entered in Block 1. To account for the potential
influence of cognitive functioning on responses to time perception assessments, cognitive
measures were entered in Block 2. To examine the role of subjective health, mental and
physical health were added in Block 3. The results of these analyses are summarized in
Table 3.

For Component 1 (global life span), cognitive variables did not explain any additional
variance after chronological age had been accounted for, but subjective health added
significantly to the explained variance, with better mental and physical health predicting a
more extended view of the future.

Component 2 (minimum and maximum extension of episodic future thought) showed a
different pattern: None of the covariates added to the explained variance, and the age effect
was significant only for Block 1. After adding cognitive variables to the model in Blocks 2
and 3, age was no longer significant.

For Component 3 (future self-continuity), adding cognitive covariates in Block 2 yielded a
significant effect of vocabulary whereas age was no longer significant. However, AR? for
Block 2 did not reach statistical significance. Block 3 adding subjective health did reach
statistical significance indicating that better mental health predicted greater self-continuity.

Discussion

This study extended our understanding of age differences in temporal construal by
examining age effects in five conceptually distinct aspects of time perception as well as their
associations with each other and with relevant covariates in a demographically stratified life-
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span sample. We found that the five time perception measures represented four distinct
components which differed in age patterns and specific covariates.

Associations among Time Perception Measures

The most prominent finding was a marked association between advanced life position and
global future time horizons (as measured by the FTP scale). The two measures emerged as a
single component in a principle component analysis. This does not necessarily imply that
these concepts are interchangeable, but it suggests that the corresponding streams of
literature might cross-fertilize each other. For instance, researchers interested in subjective
life position may draw inspiration from the literature on global future time horizons
(Carstensen, 2006) and begin to explore the implications of life position for goal priorities.
Conversely, researchers studying global time horizons may consider recent findings
examining discrepancies between actuarial and perceived life position (Hancock, 2010) and
explore similar dissociations between chronological age and FTP scores.

The finding that episodic future thought, self-continuity, and future planning constitute
separate components of time perception has important theoretical implications as well.
Research on age differences in future self-continuity, for example, is relatively scarce, and it
is relevant for researchers in this emerging area that self-continuity appears to be relatively
independent from other aspects of time perception. Further, our findings support the notion
that future orientation (as captured by Zimbardo et al.’s ZTPI) constitutes a generalized
tendency to engage with the future that is only weakly associated with episodic future
thought and unrelated to self-continuity and global position in the life span.

Associations with Age and Other Covariates

Our study also adds to the extant literature by reporting age differences for four different
aspects of time perception within the same adult life span sample. Because the sample was
stratified by age and ethnic composition, these factors could be ruled out as possible causes
for the observed age discrepancies. Further, although the four components differed in
specific age slopes, all of the observed age effects were linear as opposed to quadratic or
cubic in nature. This suggests that the underlying factors shift gradually across the life span
without any stepwise or curvilinear effects. This speaks against a role of distinct age-graded
life events and time markers (e.g., retirement) and also indicates that age effects are not due
to reversible changes in contextual factors (e.g., decreased spare time in midlife; Ginn &
Fast, 2006).

Among the various covariates under consideration, only cognitive functioning and subjective
health showed significant correlations with age and aspects of time perception and were
therefore included in subsequent regression analyses. Adding cognitive variables did not
yield a significant increase in explained variance for any of the components. This indicates
that age differences in fluid or crystallized abilities cannot account for the observed age
differences in time perception. However, we found that including subjective health
significantly added to the explained variance in both global life span and future self-
continuity. Specifically, better mental health was associated with both an extended life span
and greater self-continuity. Better physical health, in contrast, was selectively associated
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with a more extended life span. These findings align with prior research indicating that
variations in mental and physical well-being are linked to global time horizons (e.g., Stephan
et al., 2013) and provide initial evidence that the influence of mental health extends to future
self-continuity as well. The marginally significant effect of vocabulary on future self-
continuity, in contrast, is more puzzling. However, if one considers vocabulary as a proxy for
crystallized world knowledge and experience (Verhaeghen, 2003), one could argue that such
knowledge may also entail the understanding that individual characteristics remain fairly
stable over time.

Limitations and Future Research

Of course, our study has some important limitations that need to be considered when
interpreting the results. First, the findings are cross-sectional and correlational in nature.
Thus, cohort differences in life experiences may have skewed our findings, and further
research is needed to establish longitudinal trajectories and examine causal associations
between age, time perception, and covariates. Second, with the exception of cognitive
assessments, we relied on self-report measures raising concerns about common method bias.
Findings could be strengthened by adding measures of objective health, observer ratings of
personality or mood, and implicit measures of time perception (e.g., D’Argembeau et al.,
2010). Further, although we aimed to include a range of well-established and conceptually
distinct assessments of time perception, there are, of course, other measures to consider. In
particular, future work should include concepts that are more closely linked to behavioral
implications (e.g, the tendency to discount future financial outcomes, Frederick,
Loewenstein, & O’Donoghue, 2002) and measures that explore the symmetry between
remembering the past and anticipating the future (Spreng & Levine, 2006). Finally, the
present study does not control for the recent experience of significant life events or
milestones. As noted previously, undergraduate students were purposely excluded to avoid
the potential influence of life events associated with college life, but participants may have
recently experienced other major life events (e.g., starting a new job, becoming a
grandparent, or facing serious illness). Because life events may shift individuals’ time
horizons (Peetz & Wilson, 2014) and differ by age, controlling for such effects would be a
valuable target for future studies.

In conclusion, our findings set the stage for integrating divergent streams of the literature on
age differences in time perception. Beyond their theoretical contributions, our results also
have practical implications. Time perspective has been linked to various aspects of financial
and decision making and health behavior (Gellert et al., 2012; Léckenhoff & Rutt, in press).
Given that our findings implicate subjective health as a key covariate of time perceptions, it
may be feasible to shift time perceptions by counteracting perceptions of age-related decline
(e.g., via targeted social comparisons, Cheng, Fung, & Chan, 2007, or implicit priming,
Levy, Pilver, Chung, & Slade, 2014). As discussed in the introduction, associations between
time perception and subjective health appear to be reciprocal and it may be possible to
initiate “virtuous circles’ by which better subjective health results in shifting time horizons
which in turn stimulate health-promoting behavior.

Exp Aging Res. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rutt and Lockenhoff

Page 13

Acknowledgments

This research was supported in part by the Lois and Mel Tukman Endowed Assistant Professorship and by NIA
grant 1R21AG043741 awarded to Corinna Lckenhoff.

We thank the members of the Healthy Aging Laboratory at Cornell University for help with data analysis and
coding and Anthony Ong and Nathan Spreng for their comments.

References

Aron A, Aron EN, Smollan D. Inclusion of the other in the self scale and the structure of interpersonal
closeness. Journal of Personality and Social Psychology. 1992; 63(4):596—
612.10.1037//0022-3514.63.4.596

Baudouin A, Vanneste S, Pouthas V, Isingrini M. Age-related changes in duration reproduction:
Involvement of working memory processes. Brain and Cognition. 2006; 62(1):17-23.10.1016/
j.bandc.2006.03.003 [PubMed: 16697513]

Block RA, Zakay D, Hancock PA. Human aging and duration judgments: A meta-analytic review.
Psychology and Aging. 1998; 13(4):584-596.10.1037/0882-7974.13.4.584 [PubMed: 9883459]

Carstensen LL. The influence of a sense of time on human development. Science. 2006; 312(5782):
1913-1915.10.1126/science.1127488 [PubMed: 16809530]

Carstensen LL, Isaacowitz DM, Charles ST. Taking time seriously: A theory of socioemotional
selectivity. American Psychologist. 1999; 54(3):165-181.10.1037/0003-066X.54.3.165 [PubMed:
10199217]

Carstensen, LL.; Lang, FR. Future Time Perspective Scale. Stanford, CA: Stanford University; 1996.

Charles ST, Carstensen LL. Social and emotional aging. Annual Review of Psychology. 2010; 61:383—
409.10.1146/annurev.psych.093008.100448

Cheng ST, Fung HH, Chan A. Maintaining self-rated health through social comparison in old age.
Journals of Gerontology Series B-Psychological Sciences and Social Sciences. 2007; 62(5):P277-
P285.

Chessell ZJ, Rathbone CJ, Souchay C, Charlesworth L, Moulin CJA. Autobiographical memory, past
and future events, and self-images in younger and older adults. Self and Identity. 2014; 13(4):380-
397.10.1080/15298868.2013.836132

Cole SN, Morrison CM, Conway MA. Episodic future thinking: Linking neuropsychological
performance with episodic detail in young and old adults. The Quarterly Journal of Experimental
Psychology. 2013; 66(9):1687-1706.10.1080/17470218.2012.758157 [PubMed: 23442091]

Cottle TJ, Pleck JH. Linear estimations of temporal extension: The effect of age, sex, and social class.
Journal of Projective Techniques & Personality Assessment. 1969; 33(1):81-
93.10.1080/0091651X.1969.10120563 [PubMed: 5777868]

Craik, FIM.; Salthouse, TA. The handbook of aging and cognition. 3. New York, NY US: Psychology
Press; 2008.

D’Argembeau A, Stawarczyk D, Majerus S, Collette F, Van der Linden M, Salmon E. Modulation of
medial prefrontal and inferior parietal cortices when thinking about past, present, and future
selves. Social Neuroscience. 2010; 5(2):187-200.10.1080/17470910903233562 [PubMed:
19787547]

Daugherty JR, Brase GL. Taking time to be healthy: Predicting health behaviors with delay
discounting and time perspective. Personality and Individual Differences. 2010; 48(2):202—
207.10.1016/j.paid.2009.10.007

de Paula JJ, Neves F, Levy A, Nassif E, Malloy-Diniz LF. Assessing planning skills and executive
functions in the elderly: Preliminary normative data for the Tower of London Test. Arquivos de
Neuro-Psiquiatria. 2012; 70(10):826-830. [PubMed: 23060112]

Desmyter F, De Raedt R. The relationship between time perspective and subjective well-being of older
adults. Psychologica Belgica. 2012; 52(1):19-38.

Exp Aging Res. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rutt and Lockenhoff

Page 14

Ersner-Hershfield H, Garton MT, Ballard K, Samanez-Larkin GR, Knutson B. Don’t stop thinking
about tomorrow: Individual differences in future self-continuity account for saving. Judgment and
Decision Making. 2009; 4(4):280-286. [PubMed: 19774230]

Ersner-Hershfield H, Wimmer GE, Knutson B. Saving for the future self: Neural measures of future
self-continuity predict temporal discounting. Social Cognitive and Affective Neuroscience. 2009;
4(1):85-92.10.1093/scan/nsn042 [PubMed: 19047075]

Fellows LK, Farah MJ. Dissociable elements of human foresight: A role for the ventromedial frontal
lobes in framing the future, but not in discounting future rewards. Neuropsychologia. 2005;
43:1214-1221. [PubMed: 15817179]

Frederick S, Loewenstein G, O’Donoghue T. Time discounting and time preference: A critical review.
Journal of Economic Literature. 2002; 40(2):351-401.10.1257/002205102320161311

Fredrickson BL. Socioemotional behavior at the end of college life. Journal of Social and Personal
Relationships. 1995; 12(2):261-276.

Fung HH, Carstensen LL, Lutz AM. Influence of time on social preferences: Implications for life-span
development. Psychology and Aging. 1999; 14(4):595-604. [PubMed: 10632147]

Fung HH, Lai P, Ng R. Age differences in social preferences among Taiwanese and mainland Chinese:
The role of perceived time. Psychology and Aging. 2001; 16(2):351-
356.10.1037/0882-7974.16.2.351 [PubMed: 11405322]

Gana K, Klein V, Saada Y, Trouillet R. Relationship between time perspective and life satisfaction
among older adults: Test of mediating effect of self-efficacy. European Review of Applied
Psychology-Revue Europeenne De Psychologie Appliquee. 2013; 63(1):49-57.10.1016/j.erap.
2012.07.001

Gellert P, Ziegelmann JP, Lippke S, Schwarzer R. Future time perspective and health behaviors:
Temporal framing of self-regulatory processes in physical exercise and dietary behaviors. Annals
of Behavioral Medicine. 2012; 43(2):208-218.10.1007/s12160-011-9312-y [PubMed: 22015438]

Ginn J, Fast J. Employment and social integration in midlife: Preferred and actual time use across
welfare regime types. Research on Aging. 2006; 28(6):669-690.

Guthrie LC, Butler SC, Ward MM. Time perspective and socioeconomic status: A link to
socioeconomic disparities in health? Social Science & Medicine. 2009; 68(12):2145-
2151.10.1016/j.socscimed.2009.04.004 [PubMed: 19394738]

Guthrie LC, Lessl K, Ochi O, Ward MM. Time perspective and smoking, obesity, and exercise in a
community sample. American Journal of Health Behavior. 2013; 37(2):171-180.10.5993/ajhb.
37.2.4 [PubMed: 23026098]

Hancock PA. The effect of age and sex on the perception of time in life. The American Journal of
Psychology. 2010; 123(1):1-13. [PubMed: 20377122]

Hancock PA, Rausch R. The effects of sex, age, and interval duration on the perception of time. Acta
Psychologica. 2010; 133(2):170-179.10.1016/j.actpsy.2009.11.005 [PubMed: 20018272]

Happell B, Koehn S. Effect of aging on the perceptions of physical and mental health in an Australian
population. Nursing & Health Sciences. 2011; 13(1):27-33.10.1111/j.1442-2018.2010.00571.x
[PubMed: 21352429]

Hershfield, HE. Future self-continuity: How conceptions of the future self transform intertemporal
choice. In: SamanezLarkin, GR., editor. Decision Making over the Life Span. Vol. 1235. 2011. p.
30-43.

Kleinspehn-Ammerlahn A, Kotter-Griihn D, Smith J. Self-perceptions of aging: Do subjective age and
satisfaction with aging change during old age? The Journals of Gerontology: Series B:
Psychological Sciences and Social Sciences. 2008; 63B(6):P377-P385.10.1093/geronb/63.6.P377

Kooij D, Van De Voorde K. How changes in subjective general health predict future time perspective,
and development and generativity motives over the lifespan. Journal of Occupational and
Organizational Psychology. 2011; 84(2):228-247.10.1111/j.2044-8325.2010.02012.x

Kotter-Grithn D, Smith J. When time is running out: Changes in positive future perception and their
telationships to changes in well-being in old age. Psychology and Aging. 2011; 26(2):381—
387.10.1037/a0022223 [PubMed: 21443354]

Exp Aging Res. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rutt and Lockenhoff

Page 15

Laguette V, Apostolidis T, Dany L, Bellon N, Grimaud JC, Lagouanelle-Simeoni MC. Quality of life
and time perspective in inflammatory bowel disease patients. Quality of Life Research. 2013;
22(10):2721-2736.10.1007/s11136-013-0399-4 [PubMed: 23563703]

Lang FR, Carstensen LL. Time counts: Future time perspective, goals, and social relationships.
Psychology and Aging. 2002; 17(1):125-139.10.1037//0882-7974.17.1.125 [PubMed: 11931281]

Lasser KE, Himmelstein DU, Woolhandler S. Access to care, health status, and health disparities in the
United States and Canada: Results of a cross-national population-based survey. American Journal
of Public Health. 2006; 96(7):1300-1307.10.2105/ajph.2004.059402 [PubMed: 16735628]

Lemlich R. Subjective acceleration of time with aging. Perceptual and Motor Skills. 1975; 41:235—
238. [PubMed: 1178414]

Levy BR, Pilver C, Chung PH, Slade MD. Subliminal strengthening improving older individuals’
physical function over time with an implicit-age-stereotype intervention. Psychological Science.
2014 Advance online publication. 10.1177/0956797614551970

Lewin, K. Field theory in social science: selected theoretical papers. Cartwright, Dorwin, editor.
Oxford England: Harpers; 1951.

Lockenhoff CE. Age, time, and decision making: From processing speed to global time horizons.
Annals of the New York Academy of Sciences. 2011; 1235:44-56.10.1111/j.
1749-6632.2011.06209.x [PubMed: 22023567]

Léckenhoff CE, Carstensen LL. Aging, emotion, and health-related decision strategies: Motivational
manipulations can reduce age differences. Psychology and Aging. 2007; 22(1):134—
146.10.1037/0882-7974.22.1.134 [PubMed: 17385990]

Ldckenhoff CE, Carstensen LL. Decision strategies in health care choices for self and others: Older but
not younger adults make adjustments for the age of the decision target. Journals of Gerontology
Series B-Psychological Sciences and Social Sciences. 2008; 63(2):P106—P109.

Ldckenhoff CE, Laucks S, Port AD, Tung J, Wethington E, Reid MC. Temporal horizons in pain
management: A focus group study of physicians, physical therapists, and middle-aged and older
adult patients. Gerontologist. 2013; 53(5):850-860. [PubMed: 23103522]

Ldckenhoff CE, O’Donoghue T, Dunning D. Age Differences in temporal discounting: The role of
dispositional affect and anticipated emotions. Psychology and Aging. 2011; 26(2):274-
284.10.1037/a0023280 [PubMed: 21534688]

Ldckenhoff, CE.; Rutt, JL. Age differences in time perception and their implications for decision
making across the life span. Elsevier; in press

McAuley JD, Jones MR, Holub S, Johnston HM, Miller NS. The time of our lives: Life span
development of timing and event tracking. Journal of Experimental Psychology: General. 2006;
135(3):348-367.10.1037/0096-3445.135.3.348 [PubMed: 16846269]

McFadden, SH.; Atchley, RC. Aging and the meaning of time: A multidisciplinary exploration. New
York, NY US: Springer Publishing Co; 2001.

Murray CJL, Kulkarni SC, Michaud C, Tomijima N, Bulzacchelli MT, landiorio TJ, Ezzati M. Eight
Americas: Investigating mortality disparities across races, counties, and race-counties in the
United States. Plos Medicine. 2006; 3(9):1513-1524.10.1371/journal.pmed.0030260

Nelson, MJ.; Denny, EC.; Brown, JI. The Nelson-Denny reading test: Forms A & B. Boston: Houghton
Mifflin; 1960.

Nielsen L, Knutson B, Carstensen LL. Affect dynamics, affective forecasting, and aging. Emotion.
2008; 8(3):318-330.10.1037/1528-3542.8.3.318 [PubMed: 18540748]

Padawer EA, Jacobs-Lawson JM, Hershey DA, Thomas DG. Demographic indicators as predictors of
future time perspective. Current Psychology. 2007; 26(2):102-108.10.1007/s12144-007-9008-4

Peetz J, Wilson AE. Marking time: Selective use of temporal landmarks as barriers between current
and future selves. Personality and Social Psychology Bulletin. 2014; 40(1):44—
56.10.1177/0146167213501559 [PubMed: 23969622]

Peterson CC. The ticking of the social clock: Adults’ beliefs about the timing of transition events.
International Journal of Aging & Human Development. 1996; 42(3):189-203.10.2190/mmdd-
fayp-npn8-720m [PubMed: 8805083]

Exp Aging Res. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rutt and Lockenhoff

Page 16

Prenda KM, Lachman ME. Planning for the future: A life management strategy for increasing control
and life satisfaction in adulthood. Psychology and Aging. 2001; 16(2):206—
216.10.1037//0882-7974.16.2.206 [PubMed: 11405309]

Ragland JD, Turetsky BI, Gur RC, Gunning-Dixon F, Turner T, Schroeder L, Gur RE, et al. Working
memory for complex figures: An fMRI comparison of letter and fractal n-back tasks.
Neuropsychology. 2002; 16(3):370-379.10.1037//0894-4105.16.3.370 [PubMed: 12146684]

Rammstedt B, John OP. Measuring personality in one minute or less: A 10-item short version of the
Big Five Inventory in English and German. Journal of Research in Personality. 2007; 41:203-212.

Rasmussen DM, Elverdam B. Cancer survivors’ experience of time--Time disruption and time
appropriation. Journal of Advanced Nursing. 2007; 57(6):614-622.10.1111/j.
1365-2648.2006.04133.x [PubMed: 17346320]

Reed AE, Carstensen LL. The theory behind the age-related positivity effect. Frontiers in psychology.
2012; 310.3389/fpsyg.2012.00339

Roberts BW, Walton KE, Viechtbauer W. Patterns of mean-level change in personality traits across the
life course: A meta-analysis of longitudinal studies. Psychological Bulletin. 2006; 132(1):1—
25.10.1037/0033-2909.132.1.1 [PubMed: 16435954]

Salthouse, TA. Major issues in cognitive aging. Vol. 49. New York, NY US: Oxford University Press;
2010.

Sansbury B, Dasgupta A, Guthrie L, Ward M. Time perspective and medication adherence among
individuals with hypertension or diabetes mellitus. Patient Education and Counseling. 2014; 95(1):
104-110.10.1016/j.pec.2013.12.016 [PubMed: 24480361]

Schacter DL, Addis DR, Buckner RL. Remembering the past to imagine the future: The prospective
brain. Nature Reviews Neuroscience. 2007; 8(9):657-661.10.1038/nrn2213 [PubMed: 17700624]

Schacter DL, Gaesser B, Addis DR. Remembering the past and imagining the future in the elderly.
Gerontology. 2013; 59(2):143-151.10.1159/000342198 [PubMed: 22987157]

Sirin SR, Diemer MA, Jackson LR, Gonsalves L, Howell A. Future aspirations of urban adolescents: A
person-in-context model. International Journal of Qualitative Studies in Education. 2004; 17(3):
437-459.

Spreng RN, Levine B. The temporal distribution of past and future autobiographical events across the
lifespan. Memory & Cognition. 2006; 34(8):1644-1651.10.3758/BF03195927 [PubMed:
17489291]

Stephan Y, Chalabaev A, Kotter-Grithn D, Jaconelli A. “Feeling younger, being atronger”: An
experimental study of subjective age and physical functioning among older adults. Journals of
Gerontology Series B-Psychological Sciences and Social Sciences. 2013; 68(1):1-7.10.1093/
geronb/ghs037

Suhr DD. Principal component analysis vs. exploratory factor analysis. SUGI 30 Proceedings.
2005:203-230.

Terracciano A, Costa PT, McCrae RR. Personality plasticity after age 30. Personality and Social
Psychology Bulletin. 2006; 32(8):999-1009.10.1177/0146167206288599 [PubMed: 16861305]

Verhaeghen P. Aging and vocabulary scores: A meta-analysis. Psychology and Aging. 2003; 18(2):
332-339.10.1037/0882-7974.18.2.332 [PubMed: 12825780]

Wakslak CJ, Nusshaum S, Liberman N, Trope Y. Representations of the self in the near and distant
future. Journal of Personality and Social Psychology. 2008; 95(4):757-773.10.1037/a0012939
[PubMed: 18808258]

Wallace M. Future time perspective in schizophrenia. Journal of Abnormal and Social Psychology.
1956; 52(2):240-245.

Ware JE, Kosinski M, Keller SD. A 12-item short-form health survey: Construction of scales and
preliminary tests of reliability and validity. Medical Care. 1998; 34:220-233. [PubMed: 8628042]

Wechsler, D. Wechsler Adult Intelligence Scale - Revised. San Antonio, TX: Psychological
Corporation; 1981.

Whitaker KL, Good A, Miles A, Robb K, Wardle J, von Wagner C. Socioeconomic inequalities in
colorectal cancer screening uptake: Does time perspective play a role? Health Psychology. 2011;
30(6):702-709.10.1037/a0023941 [PubMed: 21639637]

Exp Aging Res. Author manuscript; available in PMC 2017 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Rutt and Lockenhoff

Page 17

Zimbardo PG, Boyd JN. Putting time in perspective: A valid, reliable individual-differences metric.
Journal of Personality and Social Psychology. 1999; 77(6):1271-1288.

Exp Aging Res. Author manuscript; available in PMC 2017 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Rutt and Lockenhoff

Component Score

Page 18
--------- Component 1 (B =-0.71, p <.001)
————— Component 2 (B =-0.30, p <.01)
151 e—ee Component 3 (B = 0.26, p < .05)
. Component 4 (B =0.03, p =.77)
1.0 .
05 F~<_ e
0.0 } B
05~ S T
1.0 |
15 | T
20 40 60 80
Age
Figure 1.

PCA regression scores, for each of four components, by age. Component 1 = global life
span; Component 2 = extension of episodic future thought; Component 3 = future self-
continuity; Component 4 = future planning and orientation.
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Rutt and Lockenhoff

Regression Analyses Examining the Role of Covariates for Age Differences in Components of Time

Table 3

Perception
ﬂComponent 1 ﬁComponem 2 ,BComponent 3
Block 1
Age - -30™" 26"
R? 5177 097" 07"
Block 2
Age -66™" -.25 20
Vocabulary -.06 -.03 4%
Working memory .01 .04 .02
Processing speed .04 .04 .02
ARZ .00 .00 .06
Block 3
Age -61 ** -.30 .10
Vocabulary -.05 -.02 7%
Working memory .05 .03 .01
Processing speed .06 .03 .00
Mental health 20 * .09 31 **
Physical health 23** -.03 .05
AR 08" 01 09"
Notes.
*Kk
p<.01,
p <.05.

Component 1 = global time horizons; Component 2 = extension of episodic future thought; Component 3 = future self-continuity.
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