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1. Introduction
As people grow older, the ability to regulate emotional status
improves (e.g., Mather & Carstensen, 2005). Especially, adults
over 60 years old appear to have increased positive affect and
decreased negative affect that is, the positivity effect (e.g.,
Mather, 2006; Mather & Carstensen, 2005; Mother & Knight,
2005). Positive future emotional experiences are an important of
aspect of mental health, well-being, and quality of life.
Evidence of a positivity effect has been obtained in stud-
ies of attention and memory, including goal-directed selective
processing and memory for words, pictures, and faces (e.g.,
Mather, 2006). For example, compared to younger adults, older
adults recalled less from slides consisting of negative pictures
(Charles, Mather, & Carstensen, 2003). Also, in older adults,
autobiographical memories were more likely to be distorted in a
positive direction (Kennedy, Mather, & Carstensen, 2004). Thus,

older adults report fewer unhappy events in their lives, and this
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may enhance their well-being.

Moreover, Kryla-Lighthall and Mather (2008) proposed that
cognitive control may lead to the positivity effect. Specifically,
they emphasized that the positivity effect must pass through the
following, first is that emotional regulation goals are likely to
be activated in older adults, second is that cognitive processes
must be available, and third is that memory and attention tasks
are likely to be influenced by available cognitive processes.
They emphasized that successful emotion regulation depends on
active use of cognitive control. Therefore, if cognitive function
decreases in older adults, positivity bias is less likely and nega-
tivity bias is more likely.

Recent studies have hypothesized that past and future auto-
biographical thought is mediated by shared cognitive systems
(e.g., Addis, Wong, & Schacter, 2008; Atance & O’Neill, 2001;
Schacter & Addis, 2007; Suddendorf & Corballis, 1997; Tulv-
ing, 2002). For example, Addis, et al. (2008) asked young and
older adults to generate past and future events to cue words (e.g.,
tree) and describe the event in as much detail as possible for 3
min. As results, the older adults generated fewer episode-spe-
cific details relating to the past events than the younger adults.
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Importantly, the same effect occurred for future events. Addis
et al. (2008) suggest that the ability of older adults to generate
episode-specific details of both past and future events was cor-
related with their ability to integrate information and form rela-
tionships between items. Thus, Schacter and colleagues found a
close relation between episodic memory and future imagining in
older adults, as well as in clinical individuals and university stu-
dents (e.g., Addis, Wong, & Schacter, 2008; Schacter & Addis,
2007; see also Dickson & Bates, 2006). Considered the above
finding, it is possible that the emotion distorted in positive di-
rection reported in autobiographical memory can lead to that in
future imagination on older adults’ lives. Furthermore, as stated
before, cognitive function could influence on positivity effect.
Taken together, we examined whether the future imagination of
adults having high cognitive function would be more positive
than the future imagination of those with low cognitive function.

Carstensen and colleagues applied Socioemotional Selective
Theory (SST; Carstensen, 2006) to reveal that younger adults fo-
cus on optimizing the future, whereas older adults focus on the
maximization of meaningful activities in the present (Carstensen,
2006; Fung & Carstensen, 2004; Lockenhoff & Carstensen,
2004; Charles & Carstensen, 2010). SST is a life-span theory
of motivation that predicts enhanced emotion regulation with
age (Carstensen, Fung, & Charles, 2003). Following SST, we
predicted that imagination of the future close to the present (the
near future) would be more positive for older adults, whereas
younger adults would imagine the far future more positively.

Thus, combining the findings of SST and the positivity ef-
fect, we propose the following hypothesis. First, adults with
high cognitive function would imagine their future positively,
compared to those with low cognitive function. Second, adults
over 60 years old with high cognitive function may exhibit a
positivity bias limited to a near future span, 1 and 3 years later.
Also, adults below 60 years old with high cognitive function
would imagine positively the far future, 5 and 10 years later.

We examined whether a high level of cognitive function has
an influence on positive future imagination. Previous studies of
positivity bias in older adults have shown a direct relation be-
tween cognitive ability and positivity effect or SST. For exam-
ple, older adults in previous studies of the positivity effect were
restricted as an index, some degree of educational status (Ken-
nedy et al., 2004), and recognition performance (Spaniol, Voss,
& Grady, 2008), whereas the cognitive status of those in other
previous studies remains unclear (see also Fung, Isaacowitz,
Lu, & Li, 2010; Petrican, Mikels, & Carstensen, 2008; Sullivan,
Moscovitch, Schimack, 2010). Therefore, we measure cogni-
tive ability using the MMSE, Stroop test, and Logical Memory
Test (LMT) to determine its influence on the future imagination
of middle, elderly, and older adults.

Japan is a country with long-living people, and women have
especially greater longevity than men (White Paper on Aging
Society, 2011). If people who consider things positively, such as
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optimists, are able to live longer (e.g., Seligman, 1991), we may
predict that women will have more positive future imagination
than men. Because few studies have shown a sex difference, we
examined the differences in future imagination between women

and men with high and low cognitive function.

2. Method

2.1 Participants

Two hundred ninety-six adults who participated in Nagoya Uni-
versity’s 2011 Yakumo Town Study was enrolled. They were se-
lected according to the following criteria: those who completed
a questionnaire of future imagination without a voluntary clini-
cal examination, and who were given the MMSE (Mini-Mental
State Examination; Folstein, Folstein, & McHugh, 1975), Logi-
cal Memory Test (LMT; the standardized Japanese short ver-
sion of Wechsler memory scale (Hatta, Kanari, Mase, Nagano,
Shirataki, & Hibino, 2009)), and Stroop test (Stroop, 1935).
Participants showed no sign of serious frailty syndrome, such as
metastatic neoplasm. Informed consent was obtained from par-
ticipants, and the study was approved by the Ethical Committee
of Nagoya University Medical School (No. 643).

2.2 Questionnaire of near and far future imagination
Future imagination of their lives was measured based on the
following question. “How happy do you imagine your life will
be, compared to your present life? You should assume that
the present is the criterion “zero”, +5 means that you will live
completely happily and -5 means that you will live completely
unhappily. You should circle the appropriate number for 1, 3,
5, and 10 years from the present time. Please be careful to use
the present as the criterion (0). Once again, using the present
(“0”) as the criterion, you must imagine your life 1, 3, 5, and
10 years later. For example, you should not imagine your life
after 3 years compared to 1 year later. Similarly, you should not
imagine your life after 5 or 10 years compared to 3 years later.”
Thus, participants were asked to circle the appropriate number
(-5 to +5) for each of four future times (1, 3, 5, and 10 years
later). We emphasized that the criterion was the present.

2.3 The assessment of cognitive function

The MMSE, Stroop test, and Logical Memory Test (LMT) were
employed to assess participants’ cognitive abilities as a part of a
medical examination. The tests were administered individually,
and participants were given as much time as they required to
complete each test.

In the LMT, the examiner twice read a short story consist-
ing of 25 segments, and each participant was asked to recall the
story immediately. Usually the LMT takes into consideration
both immediate and delayed conditions, but a previous examina-
tion revealed that the correlation coefficient between the scores
of immediate and delayed recall conditions was sufficiently high
(r = .92; Hatta, Nagahara, Iwahara, & Ito, 2005); therefore we
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tested only immediate recall. Each segment that was correctly
recalled by the participant was assigned a score of 1 point;
therefore the total score for each participant ranged from 0 to 25
points. This method was employed to examine memory function.
In the Stroop test, participants were asked to name the color
of the words ‘red’, ‘blue’, ‘yellow’, and ‘green’ as fast and ac-
curately as possible, although the words were printed in colors
that differed from the name. The participants were also asked to
name the color of a patch. The Stroop stimuli and color patch
consisted of 40 words, and the response time (in seconds) and
number of naming errors were measured by the examiner. As
the error rate was too low to regard as a variable, we used only
naming times in the analysis. In accordance with MacLeod and
MacDonald (2000), the indices of the Stroop condition were
employed to assess focused attention and executive function of

working memory.

3. Results

Participants were divided into three age groups, which were 40
to 59, 60 to 69, and 70 to 87 years old. The basic characteristics
of participants are shown in Table 1.

Table 1: Basic characteristics of participants (n = 296)

Age group
40-59 60-69 70-87
Women 60 56 56
Number of participants
Men 31 52 41
Women  51.18 64.13 76.13
Mean age (years)
Men 51.13 63.38 76.32
Women  12.47 11.11 9.81
Educational Status (years)
Men 12.39 11.33 10.73
. ‘Women 9-16 9-14 9-14
Educational range (years)
Men 9-16 9-16 9-16

Moreover, we divided the participants into high or low
cognitive function groups for each MMSE, LMT, and Stroop
tests. The score more than 29 score assigned to the high MMSE
group, whereas the score less than 28 did to the low MMSE
group because mean performance in 40 to 59 age group of
MMSE score was 28.33. Similarly, in the LMT, the score more
than 20 assigned to the high LMT group, whereas the score less
than 19 did to the low LMT group because mean performance
was 19.05. In turn, in Stroop task, the sec less than 33.23 as-
signed to the high Stroop group, whereas the sec more than
33.24 did to the low Stroop groups because mean sec was 33.23.

Mean score of participants in 60 to 69 age group was 28.42
for MMSE, 18.02 for LMT, and mean sec was 36.87 for Stroop
task. Also, mean score of participants in 70 to 87 age group was
26.85 for MMSE, and 15.78 for LMT, and mean sec was 55.90
for Stroop. Thus, Table 2 shows the distribution of participants
into High vs. Low cognitive function categories.

3.1 Effects of MMSE classification

A 2 (MMSE: High vs. Low) x 3 (Age: 40-59 vs. 60-69 vs. 70-
87) x 2 (Sex: female vs. male) x 4 (Future span: 1, 3, 5 or 10
years later) ANOVA revealed significant main effects of MMSE
(F (1, 284) = 8.25, MSe = 136.46, p < .01), sex (F (1, 284) =
7.27, MSe = 118.69, p < .01), and future span (F (3, 852) =
9.76, MSe = 8.38, p < .001). The future imagination score of
the high MMSE group was more positive than that of the low
group, and the future imagination scores of women were more
positive than those of men. Moreover, all participants imagined
the future more positively after 1 year (¢ (852) = 5.10, MSe =
.86, p <.001), 3 years (¢ (852) =4.76, MSe = .86, p < .001) and
5 years (¢ (852) = 3.18, MSe = .86, p < .01) than after 10 years.
Future imagination scores did not differ between 3 and 5 years (¢
< 1, ns) and were marginally more positive for 1 year than for 5
years (¢ (852) = 1.92, MSe = .86, p < .06).

Table 2: Mean performance of MMSE, Stroop Test, and Logical Memory Test (LMT) in high vs. low cognitive func-

tion group for each age groups

MMSE Stroop LMT
Age groups High Low High Low High Low
M 29.74 (38)  26.20 (22) 28.75 (35)  37.37 (25) 21.47 (32) 16.07 (28)
Women
4059 SD 0.45 1.51 5.74 7.24 2.00 1.72
M M 29.62 (21)  25.40 (10) 29.00 (10)  46.20 (20) 21.37 (13) 14.72 (18)
en
SD 1.50 1.9 3.55 13.92 1.76 431
W M 29.63 (27)  26.17 (29) 35.08 (36)  52.35 (20) 20.33 (27) 13.72 (29)
omen
60-69 SD 0.49 1.37 4.70 8.66 1.78 2.85
M M 29.48 (23)  25.79 (29) 36.31 (26)  55.42 (26) 20.3 (20) 13.66 (32)
en
SD 0.51 1.78 4.30 7.12 1.90 3.02
M 28.5(24)  25.06 (32) 44.77 (35)  76.29 (21) 19.08 (24) 12.41 (32)
Women
20.87 SD 1.47 1.52 9.37 12.05 2.04 3.32
M M 28.67 (18)  25.35(23) 49.27 (24)  80.82 (17) 19.84 (19) 11.82 (22)
en
SD 1.29 1.19 8.40 28.11 241 3.38

Journal of Human Environmental Studies, Volume 11, Number 1



54

The MMSE x Future span interaction was significant (7 (3,
852) = 7.20, MSe = 6.18, p < .001). In the high MMSE group,
there was no difference among the future imagination scores for
1, 3, 5, and 10 years (F < 2, ns). On the other hand, in the low
MMSE group, there was a significant difference in future imagi-
nation scores (F (3, 852) = 15.12, MSe = .86, p < .001).

Specifically, future imagination for 10 years was less posi-
tive than for 5 years (7 (852) = 2.26, MSe = .86, p < .05), 3 years
(t (852) =4.93, MSe = .86, p <.001), and 1 year (¢ (852) = 6.48,
MSe = .86, p <.001), and the 5 year score was less positive than
the 3 year (¢ (852) =2.67, MSe = .86, p <.01) and 1 year (¢ (852)
=4.22, MSe = .86, p <.001) scores; scores for 1 and 3 years did
not differ (¢ < 2, ns). The future imagination scores of the low
MMSE group decreased gradually as a function of future span,
whereas those of the high group were more consistently posi-
tive, irrespective of future span. In fact, the future imagination
score of the high MMSE group did not differ from that of the
low MMSE group (F < 1.52, ns) for the 1 year future span, but
it was more positive for the future spans at 3 years (£ (1, 1136)
=5.35, MSe =25.27, p <.05), 5 years (F (1, 1136) = 12.85, MSe
=60.76, p < .001), and 10 years (F (1, 1136) = 13.07, MSe =
61.78, p < .001). Participants with a high cognitive assessment
based on the MMSE showed consistent and positive far future
imagination, while the low MMSE group seemed to change in
the direction of more negative imagination.

The Age x Future span interaction was also significant (¥ (6,
852) = 10.39, MSe = 8.93, p < .001). The effect of future span
was significant in the 40-59 (F (3, 852) = 3.68, MSe = 3.16, p <
.05), 60-69 (F (3, 852) = 7.72, MSe = 7.72, p < .001), and 70-
87 (F (3, 852) = 17.87, MSe =15.35, p < .001) groups. In the 40-
59 group, more positive future imagination scores were found
for 10 years (¢ (852) = 3.32, MSe = .86, p < .001) and 5 years (¢
(852) = 2.10, MSe = .86, p < .05) than for 1 year, whereas the
future imagination score for 10 years was marginally more posi-
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Figure 1: Mean scores of future span (1 to 10 years) in Low vs.
High MMSE group as a function of age and sex. The vertical
axis indicates scores for complete happiness (+5) to complete
unhappiness (-5).
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tive than that for 3 years (¢ (852) = 1.68, MSe = .86, p < .10).
Differences were not significant between 1 and 3 years (¢ < 1.70,
ns), 3 and 5 years (# < 1, ns), and 5 and 10 years (¢ < 1.30, ns).
In the 60-69 group, future imagination scores were less posi-
tive for 10 years than for 1 year (¢ (852) = 5.13, MSe = .86, p <
.001), 3 years (¢ (852) =4.77, MSe = .86, p <.001), and 5 years (¢
(852) = 3.48, MSe = .86, p < .001), but there were no differences
among 1, 3, and 5 years (¢ < 1.70, ns). In the 70-87 group, the
future imagination score for 10 years was less positive than the
scores for 1 year (¢ (852) = 7.32, MSe = .86, p <.001), 3 years (¢
(852) = 5.39, MSe = .86, p <.001), and 5 years (¢ (852) = 3.42,
MSe = .86, p <.001), and the score for 5 years was less positive
than the scores for 3 years (¢ (852) = 1.97, MSe = .86, p < .05)
and 1 year (¢ (852) = 3.90, MSe = .86, p < .001). The score for
3 years was marginally less positive than that for 1 year (¢ (852)
= 1.93, MSe = .86, p < .06). Future imagination scores for 10
years were less positive for 60-69 (¢ (1136) = 2.61, MSe = 4.73,
p <.01) and 70-87 groups (¢ (1136) =2.92, MSe =4.73, p < .01)
than for the 40-59 group (F (2, 1136) = 4.78, MSe = 22.59, p <
.01), but this age difference was not found for 1, 3, and 5 years
(Fs <2, ns).

3.2 Combined SST and positivity effect

Originally, we predicted a non-significant interaction of Cogni-
tive function x Age x Future span because positive future imagi-
nation superiority in the far future might not differ for the high
and low cognitive functioning 40-59 groups, whereas in the near
future, 60-69 and 70-87 groups might not differ with MMSE. In
order to test this hypothesis of a combined SST and positivity
effect, we conducted a post hoc analysis of the three-way inter-
action of Cognitive function (high vs. low) x Age (40-59 vs. 60-
69 vs. 70-87) x Future span (1 vs. 3 vs. 5 vs. 10).

As predicted, the three-way interaction was not significant (F'
<1, ns). In the 40-59 group, greater positive imagination for the
far future over the near future was limited to the high MMSE
group (F (3, 852) = 7.48, MSe = 6.42, p < .001) and was not
found for the low MMSE group (F < 1). In the 60-69 and 70-87
groups, those with low and high MMSE scores showed the same
pattern of greater positive imagination for the near future than
for the far future (60-69 low: F (3, 852) = 6.07, MSe =5.21, p <
.001; 60-69 high: F (3, 852) = 3.61, MSe = 3.10, p < .05; 70-87
low: F (3, 852) = 18.11, MSe = 15.56, p < .001; 70-87 high: F (3,
852) =3.28, MSe =2.81, p <.05).

3.3 Effects of Stroop classification

A 2 (Stroop: high vs. low) x 3 (Age: 40-59 vs. 60-69 vs. 70-87)
x 2 (Sex: female vs. male) x 4 (Future Span: 1, 3, 5 or 10 years)
ANOVA revealed significant main effects of sex (F (1, 284) =
6.67, MSe =109.42, p < .05), and future span (F (3, 852) = 9.38,
MSe = 8.25, p < .001). Future imagination scores were more
positive for femen than for men. Moreover, femen imagined the
future more positively after 1 year (¢ (852) = 4.96, MSe = .88,
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p <.001), 3 years (¢ (852) = 4.72, MSe = .88, p < .001), and 5
years (¢ (852) = 3.09, MSe = .88, p < .01), than after 10 years; no
differences were found between 1 and 3 years (¢ < 1, ns), 1 and
S years (¢ < 1.86, ns), or 3 and 5 years (¢ < 1.63, ns).

The Stroop x Age interaction was marginally significant ('
(2, 284) = 2.37, MSe = 38.96, p < .10). In the 70-87 group, the
future imagination score of the high Stroop group was margin-
ally more positive than that of the low Stroop group (F = 3.08,
MSe = 50.60, p < .09); there was no such difference for the 40-
59 (F<2.20, ns) and 60-69 (F < 1.08, ns) groups.

The Age x Sex interaction was also marginally significant
(F (2, 284) = 2.36, MSe = 38.96, p < .10). With increasing age,
the future imagination of male participants was less positive (F
(2, 284) = 3.25, MSe = 53.40, p < .05); this was not the case for
female participants (F (2, 284) = 3.25, MSe = 53.40, p < .05).
The future imagination of the 70-87 group was less positive than
that of the 40-59 group (¢ (284) = 2.28, MSe = 16.41, p < .05),
but not for the 60-69 group (¢ < 1, ns). Moreover, in the 70-87
group, the future imagination of female participants was more
positive than that of male participants (£ (1, 284) = 9.47, MSe
=155.46, p < .01); this was not the case for the 40-59-aged (F =
.00, ns) and 60-69 (F < 1.91, ns) groups.

The Age x Future span interaction was significant (¥ (6,
852) = 12.67, MSe = 11.13, p < .001). In each age group, the
effect of future span was significant (40-59: F' (3, 852) = 5.39,
MSe =4.74, p < .01; 60-69: F (3, 852) = 8.41, MSe = 7.40, p <
.001; 70-87: F (3, 852) = 20.91, MSe = 18.38, p < .001). In the
40-59 group, future imagination was more positive for 10 years (¢
(852) =3.97, MSe = .88, p <.001), 5 years (¢ (852) =2.74, MSe
= .88, p <.01), and 3 years (¢ (852) = 2.01, MSe = .88, p < .05)
than for 1 year, and future imagination was marginally more
positive for 10 years than for 5 years (7 (852) = 1.95, MSe = .88,
p <.06). In the 60-69 group, future imagination was less posi-
tive for 10 years than for 1 year (¢ (852) = 5.00, MSe = .88, p <
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Figure 2: Mean scores of future span (1 to 10 years) in Low vs.
High Stroop groups as a function of age and sex. The vertical
axis indicates scores for complete happiness (+5) to complete

unhappiness (-5).

.001), 3 years (¢ (852) = 4.57, MSe = .88, p <.001), and 5 years
(¢ (852) = 3.56, MSe = .88, p < .001). Also, in the 70-87 group,
future imagination was less positive for 10 years than for 1 year
(z (852) = 3.97, MSe = .88, p < .001), 3 years (¢ (852) = 3.97,
MSe = .88, p <.001), and 5 years (¢ (852) = 3.97, MSe = .88, p
< .001). Moreover, future imagination was less positive for 5
years than for 3 years (¢ (852) = 2.40, MSe = .88, p <.05) and 1
year (¢ (852) = 4.47, MSe = .88, p <.05), and it was less positive
for 3 years than for 1 year (¢ (852) = 2.07, MSe = .88, p < .05).
Thus, future imagination for 10 years was more positive for the
40-59 group than for the 60-69 (¢ (852) = 3.00, MSe = 4.76, p <
.01) and 70-87 (¢ (852) = 3.96, MSe = 4.76, p < .001) groups.

3.4 Combined SST and positivity effect

Similar to the MMSE, we predicted a non-significant interaction
of Cognitive function x Age x Future span. As predicted, the
three-way interaction was not significant (F < 1, ns). In the 40-
59-aged group, greater positive imagination for the far future
over the near future was limited to the high Stroop group (¥ (3,
852) =3.43, MSe = 3.02, p < .05), and was not found in the low
Stroop group (F (3, 852) = 2.38, MSe = 2.09, p < .10). In the
60-69 and 70-87 groups, those with low and high Stroop scores
showed the same pattern of greater positive imagination for the
near future than for the far future (60-69 low: F (3, 852) = 3.40,
MSe =2.98, p <.05; 60-69 high: F' (3, 852) = 5.11, MSe = 4.49,
p <.01; 70-87 low: F (3, 852) = 14.15, MSe = 12.44, p < .001,
70-87 high: F (3, 852) = 7.44, MSe = 6.54, p < .001).

3.5 Effects of LMT classification
A 2 (LMT: high vs. low) x 3 (Age: 40-59 vs. 60-69 vs. 70-87) x
2 (Sex: female vs. male) x 4 (Future Span: 1, 3, 5, or 10 years)
ANOVA revealed a significant main effect of LMT (F (1, 284)
=5.90, MSe = 96.11, p < .05). Future imagination scores were
more positive for the high LMT group than for the low LMT
group. A significant main effect of sex (F (3, 852) = 7.48, MSe
= 121.88, p < .01) revealed more positive future imagination
scores for femen than for men. The main effect of future span
was also significant (£ (3, 852) = 8.22, MSe = 7.18, p < .001).
Future imagination scores were less positive for 10 years than
for 1 year (¢ (852) = 4.46, MSe = .87, p < .001), 3 years (¢ (852)
=4.46, MSe = .87, p < .001), and S years (¢ (852) = 3.08, MSe
= .87, p <.01), but there were no differences among 1, 3, and 5
years (ts < 1.4, ns).

The LMT x Future Span interaction was also significant (¥
(3, 852) = 3.53, MSe = 2.93, p < .05). The effect of future span
was significant for the low LMT group (F (3, 852) = 9.67, MSe
= 8.45, p < .001), but not for the high LMT group (¥ (3, 852)
=1.90, ns). For the low LMT group, future imagination scores
were less positive for 10 years than for 1 year (¢ (852) = 5.52,
MSe = .87, p <.001), 3 years (¢ (852) = 4.21, MSe = .87, p <
.001), and 5 years (¢ (852) = 2.57, MSe = .87, p < .05). Also,
scores were lower for 5 years than for 1 year and marginally
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Figure 3: Mean scores of future span (1 to 10 years) in Low vs.
High LMT groups as a function of age and sex. The vertical axis
indicates scores for complete happiness (+5) to complete unhap-
piness (-5).

lower for 5 years than for 3 years; no differences were found
between 1 and 3 years (¢ (852) = 1.30, ns). Moreover, future
imagination scores were less positive in the low LMT group
than that in the high LMT group for 3 years (# (1, 1136) = 4.86,
MSe = 22, p < .05), 5 years (F (3, 852) = 7.32, MSe = 34.63, p
<.01), and 10 years (F (3, 852) = 8.64, MSe = 40.86, p < .01),
but not for 1 year (F = 1.36, ns).

The Age x Sex interaction, was marginally significant (F (2,
284) = 2.65, MSe = 43.24, p < .10). With age, the future imagi-
nation of male participants became marginally less positive (F
(2, 284) = 2.53, MSe = 41.24, p < .09); this was not the case for
female participants (£ (2, 284) = .77, ns). The future imagina-
tion scores of male participants were less positive in the 70-87
group than in the 40-59 group (¢ (284) = 1.97, MSe = 16.30, p <
.05), but not for the difference between 60-69 and 70-87 group
(t < 1.1, ns). Moreover, in the 70-87 group, future imagination
scores were more positive for femen than for men (F (1, 284) =
11.49, MSe =187.25, p < .001); this was not the case in the 40-
59 (F <1, ns) and 60-69 (F < 1.25, ns) groups.

The Age x Future span interaction was significant (£ (6,
852) = 13.37, MSe = 11.69, p < .001). In each age group, the
effect of future span was significant (40-59: F' (3, 852) = 6.75,
MSe = 5.90, p <.001; 60-69: F (3, 852) = 8.41, MSe = 7.35, p
<.001; 70-87: F (3, 852) = 19.79, MSe = 17.30, p < .001). In
the 40-59 group, future imagination was more positive for 10
years than for 1 year (¢ (852) = 3.97, MSe = .87, p <.001) and 3
years (¢ (852) = 3.97, MSe = .87, p < .001), but not for 5 years
(t < 1.30, ns). Also, future imagination was more positive for 3
years (¢ (852) = 2.12, MSe = .87, p < .05) and 5 years (¢ (852)
=3.05, MSe = .87, p < .01) than for 1 year; there was no differ-
ence between 5 and 10 years (¢ < 1.30, ns) or 3 and 5 years (1 < 1,
ns). In the 60-69 group, future imagination was less positive for
10 years than for 1 year (¢ (852) = 4.84, MSe = .87, p <.001), 3
years (¢ (852) = 4.58, MSe = .87, p <.001), and 5 years (¢ (852)
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=3.32, MSe = .87, p < .001). In the 70-87 group, future imagi-
nation was less positive for 10 years than for 1 year (¢ (852) =
7.55, MSe = .87, p <.001), 3 years (¢ (852) = 5.62, MSe = .87, p
<.001), and 5 years (¢ (852) = 3.49, MSe = .87, p <.001). Future
imagination was less positive for 5 years than for 3 years (¢ (852)
=2.13, MSe = .87, p < .05) and 1 year (¢ (852) = 4.07, MSe =
.87, p <.001), and scores for 3 years were marginally less posi-
tive than those for 1 year (¢ (852) = 1.93, MSe = .87, p < .006).
Thus, future imagination for 10 years was more positive for the
40-59 group than for the 60-69 (¢ (852) = 3.17, MSe = 4.73, p
<.01) and 70-87 (¢ (852) = 3.51, MSe = 4.73, p < .001) groups,
but there was no difference between the 60-69 and 70-87 groups
(t<1, ns).

3.6 Combined SST and positivity effect

Similar to the MMSE and Stroop, For the LMT, as predicted,
the three-way interaction was not significant (¥ < 1, ns). In the
40-59 group, greater positive imagination for the far future over
near future was limited to the high LMT group (F (3, 852) = 6.40,
MSe =5.59, p <.001) and was not found in the low LMT group
(F < 1.33, ns). In the 60-69 group, greater positive imagination
for the far future over the near future was limited to the high
LMT group (F (3, 852) = 6.07, MSe = 5.21, p <.001) and was
not found for the low LMT group (F < 1.33, ns). In the 70-87
group, those with low and high LMT scores showed the same
pattern of greater positive imagination for the near future than
for the far future (low: F (3, 852) = 12.79, MSe = 11.18, p <
.001; high: F' (3, 852) = 7.56, MSe = 6.61, p <.001).

3.7 Summary of the statistic analyses

First, a difference in cognitive function as measured by the
MMSE and LMT, but not by the Stroop test, produced differ-
ences in future imagination, such that high MMSE and LMT
groups imagined their future more positively than the low
MMSE and LMT groups. This is evidence of a positivity effect.
Second, the 40-59-aged group imagined the far future (10 years
from the present) as more positive than the near future, whereas
the 60-69 and 70-87 groups imagined the near future (1 and 3
years from the present) more positively. This is the evidence of
the SST. Third, the low cognitive function group (as measured
by the MMSE and LMT) showed gradually less positive future
imagination from near to far future, whereas the high cognitive
function group did not change. Fourth, for all indices, a signifi-
cant sex difference was found. Furthermore, in the high Stroop
and high LMT groups, men in the 60-69 and 70-87groups
showed less positive future imagination than those in the 40-59-
aged group, but this was not true for women.

Finally, most importantly, the post hoc analysis showed
that adults in 40-59 years old with high cognitive performer
had greater positive imagination for the far future than for the
near future, but this was not true for those with low cognitive

performer. By contrast, the adults of 60-69 and 70-87 years old
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with low and high cognitive performers had greater positive
imagination for the near future than for the far future, except for
60-69 years old in the high LMT group. Overall, this supports
the hypothesis of a combined SST and positivity effect, with the
exception of the near future positive imagination of the adults of
40-59 in the low cognitive ability group.

4. Discussion

This study examined whether cognitive function of younger and
older adults influences the near and far future imagining of their
lives. This study was based on three premises. The first was a
close relation between episodic memory and future imagining
in younger and older adults (e.g., Addis, et al., 2008; Schacter &
Addis, 2007) and therefore, the positivity effect in autobiograph-
ical memory could lead to that in future imagination on adults’
lives. The second was that the positivity effect influences cogni-
tive control (Kryla-Lighthall & Mather, 2008). The third drew
on the SST (Carstensen, 2006) to suggest that younger adults
focus on the future and older adults focus on the maximization
of meaningful activities in the present, because the perception of
limited time lead to changes in priorities.

The results showed a consistent relationship between posi-
tive future imagination and cognitive indices. Therefore, as
predicted, adults with high cognitive function could positively
imagine their futures. Thus, in accordance with the positivity ef-
fect, cognitive control had an influence on positive imagination
of the future. Moreover, as predicted by the SST, younger adults
such as 40’s imagined positively a distant future, as much as 10

years later, whereas adults over 60 years old imagined positively
near future times, 1 and 3 years later. According to the SST,
adults over 60 years old focus on the meaningfulness of the
present, whereas younger adults focus on the far future.

Therefore, the near future, rather than the far future, should
be imagined positively, irrespective of cognitive function;
however, this was not so for younger adults with low cognitive
performer. That is, the adults of 40 to 59 years old with low cog-
nitive performer may not shift near to far future imagination in a
positive direction, as shown in Table 3. These new findings sug-
gest that the SST can be mediated by cognitive function. Future
research should therefore examine the relation between cogni-
tive function and SST.

According to Mather (2006), a positivity bias is related to
the updating of negative information to positive information,
which requires the inhibition of negative information. Therefore,
of the three indices used in this study, positive future imagina-
tion appears to have a robust relation to the Stroop test, because
the Stroop test requires sustained attention and response inhibi-
tion. Adults over 70 years old with high Stroop test scores had
more positive scores than those with low Stroop test scores, but
this pattern was not seen with 40’s to 60’s groups. Future work
should examine the direct relation between measures of other
forms of inhibitory control and imagination over a future time
span, in order to specify the relationship between cognitive
function and future imagination.

We found that a sex difference had a robust influence on fu-

ture imagination, with women imagining their future more posi-

Table 3: Correspondences between present results and hypothesized combination of SST and positivity effect

Future span

Cognitive function Age groups Indices Hypothesis ~ Present results 3 e o
MMSE - 73 78 .62 78
40-59 Stroop Test near < far - .65 .87 .88 1.18
LMT - 75 .89 1.00 1.12
MMSE + 91 74 .52 12
Low 60-69 Stroop Test far < near + 1.38 1.31 1.18 .80
LMT + 1.18 98 71 .23
MMSE + 1.51 1.38 1.33 93
70-87 Stroop Test far < near + 97 .67 21 -.25
LMT + .98 .62 .26 -.18
MMSE + .95 1.36 1.64 1.82
40-59 Stroop Test near < far + 1.18 1.51 1.71 1.75
LMT + 1.00 1.44 1.59 1.83
MMSE + 1.36 1.44 1.34 .86
High 60-69 Stroop Test far < near - .96 92 74 .26
LMT + 1.04 1.17 1.12 .76
MMSE + 1.51 1.38 1.33 93
70-87 Stroop Test far < near + 1.56 1.30 1.11 .65
LMT + 1.77 1.61 1.39 .90
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tively than men. Also, men, but not women, in the adults over
60 years old showed less positive future imagination than those
in the adults below 60 years old. To our knowledge, no previous
studies have focused on sex differences in future imagination.
In Japan, women live longer than men. It is possible that the re-
lationship between longevity and positive future imagination is
driven by cognitive control. Future research should consider sex

differences in future imagination.
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