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Abstract

Objectives: People’s preferences for temporal sequences of events have implications for life-long health and well-being.
Prior research suggests that other aspects of intertemporal choice vary by age, but evidence for age differences in sequence-
preferences is limited and inconclusive. In response, the present research examined age differences in sequence-preferences
for real outcomes administered in a controlled laboratory setting.

Methods: A pilot study examined sequence-preferences for aversive electrodermal shocks in 30 younger and 30 older
adults. The main study examined sequence-preferences for electrodermal shocks, physical effort, and monetary gambles in
an adult life-span sample (N = 120). It also examined emotional and physiological responses to sequences as well as under-
lying mechanisms including time perception and emotion-regulation.

Results: There were no significant age differences in sequence-preferences in either of the studies, and there were no age
differences in responses to sequences in the main study. Instead, there was a domain effect with participants preferring
decreasing sequences for shocks and mixed sequences for effort and money.

Discussion: After considering potential methodological limitations, theoretical contributions and implications for real-life
decisions are discussed.

Keywords: Decision making, Intertemporal choice, Sequence-preferences, Time discounting

Many important choices require people to sort a given set
of events into a preferred temporal order. Examples range
from mundane everyday decisions to momentous life-
changing choices and include arranging different tasks over
a workday, scheduling exercise sessions during a busy week,
selecting long-term treatment regimens for chronic health
conditions, or managing financial resources over the course
of one’s retirement. The resulting temporal sequences have
implications for productivity, health, wealth, and happiness.

However, prior research on sequence-preferences has
focused almost exclusively on younger samples (e.g., Ariely
& Carmon, 2000; Chapman, 2000; Loewenstein & Prelec,
1993) and the few studies including older adults are incon-
clusive (Drolet, Lau-Gesk, & Scott, 2011; Lockenhoff,
Reed, & Maresca, 2012). The present research begins to
address this research gap by examining preferences for
sequences of real outcomes in adults of different ages. To
provide the rationale for this approach, we first discuss
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relevant theoretical perspectives. We then review existing
research on age differences in sequence-preferences and
other forms of intertemporal choice and finally describe the
design and hypotheses of the present research.

Theoretical Frameworks

Sequence-preferences are a subtype of intertemporal choice
in which decision makers are presented with predetermined
sets of outcomes and asked to decide about the relative
order in which they would prefer to experience the out-
comes. Prior work in this area (Frederick & Loewenstein,
2008; Loewenstein & Prelec, 1993) differentiates among
improving sequences (i.e., saving the most positive or least
intense stimuli for last), worsening sequences (i.e., leav-
ing the most negative or most intense stimuli for last),
and mixed sequences (i.e., interleaving stimuli of differ-
ent valence and intensity). Research on younger adults has
documented a preference for improving sequences across a
wide variety of outcomes ranging from monetary payouts
and pain to annoying sounds, restaurant meals, and perfor-
mance-based tasks (e.g., Ariely & Carmon, 2000; Frederick
& Loewenstein, 2008; Loewenstein & Prelec, 1993). There
are theoretical reasons to expect that sequence preferences
vary by age, but specific conceptual frameworks—draw-
ing on age differences in time perception on the one hand
and age differences in emotion-regulatory strategies on the
other hand—differ in the proposed direction of such effects.

Prior considerations of age differences in intertemporal
choice have focused on “temporal discounting,” the ten-
dency to devalue distant gains and losses relative to more
immediate ones (Frederick, Loewenstein, & O’Donoghue,
2002). Evidence suggests that the tendency to discount
future monetary gains decreases with age (e.g., Eppinger,
Nystrom, & Cohen, 2012; Lockenhoff, O’Donoghue,
& Dunning, 2011; for a review see Lockenhoff & Rutt,
20135). In other words, younger adults are more likely than
older adults to prefer smaller but sooner monetary gains
over larger delayed gains. Theoretical explanations of such
effects (Lockenhoff & Rutt, 2015; Lockenhoff & Rutt,
2017) have pointed to age-related limitations in future
horizons and corresponding increases in the subjective
speed of time. This may lead older adults to perceive future
events as more proximal and thus more relevant and salient
(John & Lang, 20135). In addition, affective forecasting, the
ability to anticipate one’s future emotional states, is well-
preserved and may even improve in later life as life experi-
ences accumulate (Samanez-Larkin, 2013; Scheibe, Mata,
& Carstensen, 2010). This may result in a more vivid rep-
resentation of delayed experiences and therefore a reduced
tendency toward temporal discounting (Mata et al., 2011).
Extending such reasoning to sequence-preferences, one
might expect that older adults show an even stronger prefer-
ence for improving sequences than younger adults, because
they are less likely to devalue positive events that occur
later in the sequence. However, it is not clear whether age

differences in temporal discounting generalize beyond the
monetary domain to consumable or experiential outcomes
(Jimura et al., 2011; Lockenhoff et al., 2016; Seaman et al.,
2016). Further, in contrast to temporal discounting para-
digms, the chosen order in sequence paradigms does not
affect the size of the cumulative outcomes. Thus, there is no
inherent benefit to postponing positive outcomes.

A second theoretical perspective on age differences
in sequence choices draws on contemporary theories of
emotional aging. Specifically, it has been postulated that
resources for effortful emotion-regulation decline with
age and that physiological recovery from sustained nega-
tive affect is more taxing for older as compared to younger
adults (Charles, 2010; Urry & Gross, 2010). As a result,
older adults are thought to leverage experienced-based
insights and engage in prospective emotion-regulation
to avoid negative experiences before they occur (Urry
& Gross, 2010). Although improving sequences may be
appealing to younger adults because they “save the best
for last,” such sequences also entail a prolonged period of
unfavorable experiences at the beginning, and this may be
challenging for older adults, especially when outcomes are
emotionally salient or physiologically taxing. From this
point of view, one would expect that older adults prefer
mixed sequences in which extreme stimuli are interspersed
with mild and moderate stimuli to provide sufficient time
for physiological recovery.

Prior Empirical Evidence

To the best of our knowledge, only two prior studies have
directly examined age differences in sequence-preferences,
and their results are contradictory. Drolet and colleagues
(2011) explored hypothetical choices about the order in
which to consume three tapas dishes of varying quality.
They found that older adults were more likely to prefer
improving sequences than younger adults. Lockenhoff and
colleagues (2012), in contrast, implemented real choices
involving exposure to emotional photos. Participants were
asked in which order they preferred to view a series of
30 photos with positive, negative, and neutral emotional
valence. Older adults were less likely to favor improving
sequences than younger adults.

The causes of these contradictory findings are difficult to
discern because the studies varied in multiple aspects includ-
ing outcome domain, sequence length, and whether out-
comes were hypothetical or real. Conceivably, Drolet et al.’s
hypothetical and abstract descriptions of sequence choices
may have activated age-related variations in time horizons,
whereas Lockenhoff et al’s emotionally salient stimuli and
real outcomes may have activated age-related variations
in emotion-regulatory preferences. This could account for
the observed differences in age effects between the studies.
However, the relative role of such mechanisms cannot be
determined without the implementation of real and emo-
tionally salient outcomes, a comprehensive assessment of
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covariates, and the examination of both sequence-prefer-
ences and responses to sequences within the same study.

The Present Research

To address these concerns, the present research aimed to
(a) quantify adult age differences in sequence-preferences
across multiple domains of real and emotionally salient
outcomes, (b) examine age differences in responses to the
selected sequences, and (c) consider theoretically implicated
covariates.

Based on age differences in emotion-regulatory strat-
egies and resources, we expected that, consistent with
Lockenhoff et al. (2012), younger adults would show a
preference for improving sequences, whereas older adults
would prefer mixed sequences which intersperse differ-
ent types of stimuli and thus limit extended exposure to
intense or aversive experiences. To rule out potential age
differences in the ability to track the constructed sequences,
we provided clear visual feedback and elicited sequence-
preferences via both free- and forced-choice procedures.

To examine the consistency of effects across domains,
we compared sequence-preferences for monetary out-
comes, sustained effort, and aversive physical outcomes.
These domains were chosen because they vary in emotional
valence, salience, and motivational aspects, and because
choices made across these domains activate overlapping
but dissociable neural systems (Berns et al., 2006; Knutson
et al., 1999; Treadway et al., 2009). Also, in contrast to
monetary outcomes, sustained effort and physical out-
comes are not fungible and elicit immediate physical sen-
sations. Finally, although limited to a laboratory setting,
the domains of monetary, effortful, and aversive physical
stimuli map loosely onto real-life choices in the financial,
work, and health domains.

To assess responses to the sequences, we adopted a
multimodal approach combining measures of concurrent
and retrospective self-reported affect with indicators of
psychophysiological activation (i.e., heart rate and skin
conductance). This approach extends beyond earlier work
on emotional aging, which mostly relies on self-reported
affect (Samanez-Larkin & Carstensen, 2011) and it is
in line with current research trends acknowledging the
multilayered nature of affective responses (Scheibe &
Carstensen, 2010).

A range of theoretically implicated covariates were
included. To examine the potential role of age differences in
time perception, we examined future time perspective and
subjective position in the life span. To examine the potential
role of age difference in emotion-regulatory resources and
strategies, we examined ambient mood, self-reported cop-
ing mechanisms, and subjective mental/physical health. The
evaluation of temporal sequences may also be influenced by
age differences in cognition and personality (Davis, Patte,
Tweed, & Curtis, 2007; Isen, 2001). We therefore included
brief screening measures for these variables.

Method

Pilot Study

A pilot study was conducted to explore the feasibility of
using electrodermal shocks in a sequencing task and to pro-
vide initial evidence of age effects in sequence choices when
outcomes are real and negative in valence. This study asked
younger and older adults (7 = 60) to indicate in which order
they preferred to receive six blocks of electrodermal shocks
ranging from 10% to 90% in intensity. Findings indicated
that it was feasible to implement electrodermal shocks as
outcomes in a sequencing task and that the task could be
safely used with an older sample. There were no significant
age differences in sequence preferences, #(58) = .34, p > .70,
Cohen’s d = 0.1, and analyses revealed a JZS Bayes factor
of 3.63 in support of the null hypothesis (r-scale = .707;
Rouder, Speckman, Sun, Morey, & Iverson, 2009). Thus,
given the present results, it is 3.63 times more likely that
age differences in this task do not exist than that such dif-
ferences do exist. See Supplement A for a complete descrip-
tion of the pilot study.

Participants

Participants in the main study (N = 120, aged 22-84) were
recruited from participant databases and public postings
and compensated $60. To ensure the safe use of the electro-
dermal stimuli, we screened out individuals with heart or
lung conditions, diabetes, neurological disorders, wearable
medical devices, skin conditions or allergies, and pain/stiff-
ness in the upper body, as well as individuals taking daily
pain medication or scoring below 24 on the Mini Mental
State dementia screen (Folstein, Folstein, & McHugh,
1975).

Table 1 (left columns) shows descriptive data and asso-
ciations with age for demographics and selected covariates
(Supplement B shows the age distribution, Supplement
C shows an expanded version of the table including all
covariates).

Materials

Electrodermal stimuli

Electrodermal stimuli were administered to the inner wrist
of the nondominant hand. Upward-stepwise calibration
was used to obtain the perceptual threshold and maximum
bearable intensity. Stimuli were set at 10%-30%-50%—
70%-90% on a scale from 1 (perceptual threshold) to 100
(maximum bearable). For details on apparatus and safety
procedures, see Supplement A and Lockenhoff et al. (2016).

Sustained effort stimuli

Sustained effort stimuli were adapted from the Effort
Expenditure for Rewards Task (EEfRT, Treadway et al.,
2009). Over a 5-s interval, participants were asked to make
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Table 1. Selected Demographic and Background Variables and Their Associations With Age and Sequence-preferences

M (SD)/% o~ 7 ectro T tort " money
Age 49.28 (18.02) .05 .07 -.11
% White 77% .33 .06 .06 -.09
Affect slider — valence 70.49 (19.37) .03 -.16 -.19% -.09
Affect slider — arousal 27.56 (24.35) .18% 11 -.06 -.13
AVI - low arousal 3.13 (0.88) =27 -.04 -.09 -.13
AVI - low arousal negative 1.83 (0.82) -.32%* .10 .05 -.09
AVI - high arousal 1.64 (0.62) .07 .04 -.18* -.16
PCI - Avoidance coping 2.77 (0.67) 22%% .00 12 .04
Future time perspective 48.53 (12.63) -.53%* -.04 -.01 .01
Subjective life position 47.63 (14.09) A48%** -.10 -.09 -.10
FFI — Agreeableness 3.03 (0.23) 27 -.08 .03 -.08
SF 12 — Mental health 50.11 (8.78) 28%% -.04 .07 .01
SF 12 — Physical health 52.03 (7.42) =31 .00 10 .10
Digit span 6.13 (1.89) -.33%% -.04 .02 .08
Digit symbol 54.87 (13.54) -.56%* —24%* -26*% .02
n-back 0.86 (0.12) -22% -.15 -.13 -.03
Vocabulary 17.94 (4.44) A44#* -.05 .05 -.07
Numeracy 59.44 (33.52) -21% .03 .05 .04
Effort (minimum threshold) 10.83 (5.52) .02 -.06 =27%* —.24%*
Effort (maximum threshold) 25.25 (5.05) -.33%* .01 -.07 11

Note:r 7 r. r  referto correlations with age and sequence-trend scores for electrodermal shocks, physical effort, and monetary payouts. The point-bise-

age, | electro, ! effort, | money

rial correlation is shown for race, all others are Pearson correlations. The table only shows variables with significant associations to age or sequence-preferences.

See Supplement C for the full table. AVI = Affect Valuation Index; FFI = Five-Factor Inventory; PCI = Proactive Coping Inventory.

*p <.05,**p < .01.

repeated button presses on the zero key of the keyboard pin
pad using the small finger of their dominant hand.

Stimuli were calibrated by asking participants to tap the
key at a regular, comfortable rate (i.e., spontaneous motor
tempo, Baudouin, Vanneste, & Isingrini, 2004) and to tap
as fast as possible (i.e., maximum tempo). Stimuli were set
at 10%-30%-50%-70%-90% on a scale from 1 (sponta-
neous tempo) to 100 (maximum tempo).

Monetary stimuli

Monetary stimuli consisted of monetary gambles with a con-
stant likelihood of 50% for gain versus loss. Outcome lev-
els were set at $1-$3-$5-$7-$9. Participants were given an
initial endowment of $5 to which any gains and losses were
applied. Any resulting earnings were paid out at the end of
the study. (Note that in contrast to risky choice paradigms,
participants could not accept/reject or influence the probabil-
ities of the gambles. They merely decided in which sequence
they would witness the gambles and their outcomes.)

Sequence selection task
Participants received 3 stimuli at each of 5 intensity levels
for a total of 15 stimuli per domain.

In the free-choice task (Figure 1, left), participants con-
structed the sequence one trial at a time. The chosen sequence
was shown at the top and remaining stimuli were shown at
the bottom. Participants clicked on stimuli at the bottom to
be added to the sequence until all stimuli had been placed.
The labels at the bottom showed stimulus intensities (in

Which trial do you want to
receive next?
Please click the bars below.

Please click on the sequence
of effort trials that you prefer.

a1

10% 30% 50% 70%

Effort Intensity

90%

Figure 1. Sequence selection screens (samples show effort domain).
Bar size indicated stimulus magnitude. Free-choice (left): The upper por-
tion of the screen showed the already selected stimuli, the lower por-
tion showed the remaining stimuli for each magnitude. Forced-choice
(right): Participants chose one of the three options.

percentages) for the effort and electrodermal stimuli and the
amount of money at stake (in $) for the monetary stimuli.
To capture individual variations in sequence-preferences, we
calculated sequence-trend scores (Lockenhoff et al., 2012),
based on Spearman’s rank-order correlations between trial
(1-15) and stimulus intensity (10%-90%) within each indi-
vidual. The resulting scores range from -1 (monotonously
decreasing) to 1 (monotonously increasing) with neutral
scores indicating a preference for mixed sequences.

A forced-choice task (Figure 1, right) was administered
immediately after the free-choice task, asking partici-
pants to select among an increasing, mixed, and decreas-
ing sequence. Forced-choice responses were coded as -1
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for decreasing intensity, 0 for mixed, and 1 for increasing
intensity.

Sequence administration

To limit the number of possible sequences and thus facili-
tate analyses, we implemented the sequences chosen in the
forced-choice task. Participants received the 135 trials in each
domain in the order they had selected. Figure 2 shows sam-
ple trials.

During a cue phase, participants viewed a 5-s cue show-
ing the words “Next Trial” along with the appropriate
stimulus information (e.g., “50%,” “$5) and a bar graph
with a line visualizing stimulus magnitude. Next, there was
a 5-s stimulus phase.

For electrodermal stimuli, participants received a 500 ms
stimulus at the beginning of this phase. With stimulus onset,
the screen changed to a filled-in bar of the corresponding
intensity that remained visible for 5 s after stimulus onset.

For effort stimuli, participants saw a countdown timer
at the top of the screen. The bar below filled in gradually
with each keystroke. This screen remained visible for 5 s

X

Stimulus Phase
(5 seconds)

Cue Phase
(5 seconds)

Next Trial

0,
50% Pulse 50% Pulse
£ A 90%
3 70% 20%
o
8 50% 50%
m 30% 0%
10% 10%
Next Trial 50% Effort
50% Effort 328
90% 90%
S 70% -
w 50% 50%
30% 30%
10% 10%
Next Trial
Win or Lose $5
P $9
©
”g $7
Q 5
= $

$3
$1

Figure 2. Sequence administration screens (samples show 50%/$5). For
the electrodermal domain, a 500 ms stimulus was administered at the
beginning of the stimulus phase. For the effort domain, the bar filled
up gradually with each keystroke. For the monetary domain, the bar
filled up gradually from the bottom for wins and emptied out from the
top for losses.

regardless of whether or not participants had reached the
target level at the end.

For monetary stimuli, the top of the screen showed the
outcome of the trial (e.g., “win $5”). For winning trials, the
bar gradually filled up and for losing trials the bar gradu-
ally emptied out over the course of 5 s.

A 10-s inter-trial-interval consisted of a simple fixation
Cross.

Measures

Demographics included age, gender, race, ethnicity, and
education level (1 = some high school to 8 = graduate
degree).

Affect sliders assessed variations in current affect over
the course of the study. Participants adjusted virtual sliders
on two visual analog scales from “very negative” to “very
positive” and from “not aroused at all” to “very aroused”
(Nielsen, Knutson, & Carstensen, 2008).

Ambient mood was assessed with the “actual affect”
version of the Affect Valuation Index (AVI, Tsai, Knutson,
& Fung, 2006).

Emotion-regulatory and coping strategies were assessed
with the Emotion-Regulation Questionnaire (ERP) (Gross
& John, 2003) and the Proactive Coping Inventory (PCI)
(Greenglass, Schwarzer, Jaubiec, Fiksenbaum, & Taubert,
1999).

Subjective time perceptions included global time hori-
zons (Future Time Perspective Scale; Carstensen & Lang,
1996) and subjective position in the life span (asking par-
ticipants to indicate their current position on a line marked
“birth” on the left and “death” on the right, Hancock,
2010).

Cognitive assessments included a phone version of
the Mini Mental State to screen for dementia (Folstein
et al., 1975), the vocabulary portion of the Nelson-Denny
Reading Test (Brown, Fishco, & Hanna, 1993), the Digit-
Span and Digit-Symbol subtests of the Wechsler Adult
Intelligence Scale (Wechsler, 1981), a letter-based version
of the n-back task (Ragland et al., 2002), and numeracy
(Schwartz, Woloshin, Black, & Welch, 1997).

Personality was assessed with the NEO Five-Factor
Inventory (NEO-FFI, Costa & McCrae, 1992).

Mental/physical bealth were assessed with the SF-12
(Ware, Snow, Kosinski, & Gandek, 1993).

Procedure

Eligibility criteria were screened by phone. Upon arrival,
participants provided consent, completed demograph-
ics, and rated current affect (using the affect sliders) and
ambient mood (using the AVI). Next, electrodes for physi-
ological recording were connected, followed by a battery
of background measures (emotion-regulatory and coping
strategies, subjective time perceptions, cognitive abilities,
personality traits, and mental/physical health). This was
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followed by a 2-min physiological baseline (see Supplement
D for physiological methods and results).

Next, participants were connected to the electrodes for
electrodermal stimulation and completed the calibration pro-
cedures and the free- and forced-choice sequence-selection
for each of the three stimulus domains in counterbalanced
order. This was followed by another physiological baseline.

Participants then completed the sequence administra-
tion phase. Within each domain, stimuli were presented
in the specific sequence chosen during the forced-choice
task. After every three trials, participants rated their cur-
rent affect using the affect sliders. Afterwards, participants
completed a third physiological baseline.

Finally, participants retrospectively rated their responses
to the sequence administration on the affect sliders (both
average and peak affect). After debriefing, participants
received their payment including any earnings from the
monetary condition. Procedures were IRB approved and
there were no complaints or adverse outcomes.

Results

Descriptive Analyses

Table 1 (left columns) reports descriptive statistics and cor-
relations with age for each of the demographics and covari-
ates as well as the calibration thresholds for electrodermal
and effort stimuli.

Age was not significantly associated with gender or
education, but—consistent with the local population—
older participants were more likely to be White. Regarding
ambient mood, age was associated with lower arousal on
the affect slider and the AVI. Further, age was associated
with higher avoidance coping, shorter time horizons, more
advanced life position, higher agreeableness, better mental
health, but worse physical health. Regarding cognition, age
was positively associated with vocabulary but negatively
associated with all other aspects of cognitive functioning.
Finally, age was not significantly associated with the thresh-
olds for the electrodermal task, but the maximum speed in
the effort task was negatively associated with age (ps <.05).

Sequence-preferences

Domain effects
For the free-choice task, an ANOVA with domain as
the within-subject variable and sequence-trend as the

Table 2. Sequence-preferences for the Forced-choice Task

dependent variable found a significant domain effect, F(2,
238) = 12. 36, p < .001, FOE7? = .01, with post-hoc tests
indicating that sequence-trend scores were more negative
in the electrodermal condition (M = -0.22, SD = 0.68),
than in the effort condition (M = .01, SD = 0.74), and the
monetary condition (M = 0.13, SD = 0.73, ps < .05). Thus,
participants preferred sequences of decreasing intensity in
the electrodermal domain but more mixed sequences in the
other domains.

For the forced-choice task, similar patterns emerged
(Table 2). The mixed sequence was the most frequent
response in each domain. However, for electrodermal
stimuli, twice as many participants preferred the decreas-
ing sequence as compared to the increasing sequence. For
the monetary and effort domain, there was no significant
preference for a specific sequence type.

To examine associations between forced- and free-
choice we conducted ANOVAs with forced-choice (decreas-
ing, mixed, increasing) as the independent variable and
free-choice sequence-trends as the dependent variable. As
expected, free-choice sequence-trends were smallest for the
decreasing condition, intermediate for the mixed condition,
and largest for the increasing condition (across domains,
Fs > 17.70, ps < .001, nzp >.23).

Free-choice sequence-trends also showed some associa-
tions across domains, but effects were only moderate in size
(rm()netary—electr()dermal =31 7 monetary-effort — 391, = .44,

ps < .001). Thus, we examined age effects separately for

ectrodermal-effort

each domain.

Age effects
In the free-choice task, age was not significantly correlated
with sequence-trends for any of the domains (Table 1, top
row). Also, regression analyses including both the cen-
tered age variable and a quadratic age term did not find
any evidence of quadratic age effects (Ifsl < 0.14, ps > .13).
JZS Bayes factor analyses (r-scale = .707; Rouder et al.,
2009) were all in favor of the null hypothesis (electroder-
mal = 4.51, effort = 3.99; monetary = 2.83). Thus, given the
present results, it is 2.83 (monetary) to 4.51 (electrodermal)
times more likely that age differences in sequence prefer-
ences do not exist than that such age differences do exist.
In the forced-choice task, we computed one-way
ANOVAS comparing the average age of respondents that
preferred a given sequence type. There was no evidence of
age effects in any of the domains (ps > .25).

Selected sequence

Stimulus type Decreasing intensity Mixed Increasing intensity x D
Electrodermal 35% 48% 17% 18.20 <.001
Effort 35% 40% 25% 4.20 12
Monetary 30% 39% 31% 1.85 40

Note: * tests examine deviations from equal distribution across sequence types within each domain.
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Covariates

To control for age differences in covariates, we conducted
regression analyses for the free-choice task and ANCOVAs
for the forced-choice task including age along with the var-
iables showing significant associations with age (Table 1,
first column). Because of concerns about collinearity, poten-
tial covariates were included one at a time. No significant
age differences in sequence-preferences emerged in any of
these analyses (all ps > .8).

In general, sequence-trend scores showed very few
associations with the covariates (Table 1, right columns).
Adopting a more conservative significance level of p less
than .01 to account for multiple comparisons, sequence-
trend scores were not significantly associated with any of
the demographic and self-report variables. The only some-
what consistent associations were found for two meas-
ures of motor performance: Higher psychomotor speed
(Digit Symbol) was associated with a greater preference for
decreasing sequences in effort and electrodermal stimuli,
and higher spontaneous motor tempo (i.e., minimum thresh-
old for effort) was associated with a greater preference for
decreasing sequences in effort and monetary stimuli.

Affective Responses

Concurrent affect

Valence and arousal were assessed every three trials resulting
in 5 data points per domain. To examine variations by age
and sequence type, we conducted ANCOVAs with selected
sequence type (decreasing, mixed, increasing) as a between-
subjects factor, sequence position (1-3) as a within-subjects
factor, age as a covariate, and affect ratings as the depend-
ent variable. Separate analyses were performed for valence
and arousal and for each domain. Greenhouse-Geisser cor-
rections addressed sphericity deviations.

There were no significant main or interaction effects of age
and no significant main effects of sequence type or sequence
position (ps > .05). However, we found significant sequence
type by sequence position interactions for electrodermal
stimuli with regard to arousal, F(3.60, 208.59) = 7.89,
p<.001,w? =.12, and for effort with regard to both arousal,
F(4.92, 285.51) = 2.62, p < .05, ‘r]zp = .04, and valence,
F(4.96,287.93) = 2.46, p < .05, w*, = .04. Within-subjects
contrasts indicated that the linear trend of affect over the
course of the sequence varied by sequence type. Increasing
sequences were associated with increasing arousal in the
electrodermal and effort domain and increasingly positive
affect in the effort domain. Decreasing sequences were asso-
ciated with decreasing arousal in both domains and increas-
ingly negative affect in the effort domain. Mixed sequences
were associated with stable affect in both domains.

Retrospective affect

To examine whether retrospective ratings of average
and peak affect differed by age or selected sequence,
we computed ANCOVAs with selected sequence as a

between-subjects factor, age as a continuous covariate,
and retrospective affect ratings as the dependent variables.
Separate analyses were performed for average versus peak
ratings, valence versus arousal, and outcome domains. The
effects of sequence type and age did not reach statistical
significance (ps > .05) indicating retrospective affect rat-
ings did not vary based on respondents’ age or the sequence
they had selected.

Discussion

To the best of our knowledge, the present research is the
first to examine age differences in sequence-preferences
across multiple domains of real outcomes which are set
to occur in the immediate future. In addition, we assessed
affective and physiological responses to sequence admin-
istration and controlled for a range of theoretically impli-
cated covariates. We found that sequence preferences did
not vary by age, and this pattern was consistent across the
pilot study and the main study and across the three out-
come domains. Responses to sequences also did not vary by
age—neither for self-reported affect nor for physiological
responses (see Supplement D).

With regard to covariates, theoretical considerations
had led us to explore the potential role of age differences
in time perspective and emotion regulatory mechanisms.
For time perception, we found familiar age-related limita-
tions in future horizons and remaining time left in life. For
emotional experience and regulation, we found that older
adults reported better mental health, higher avoidance cop-
ing, as well as higher arousal at baseline. We also found
the anticipated age differences in physiological resources,
both in terms of lower self-reported physical health and in
terms of lower tonic skin conductance responses. However,
none of these variables were associated with sequence
trends. Instead, the most consistent associations between
sequence trends and covariates were found for measures
of spontaneous motor tempo and perceptual speed with
faster pace corresponding to a preference for decreasing
intensities. This harkens back to historical interest in “per-
sonal tempo” and its associations with working habits and
impulsivity (Rimoldi, 1951; Takala & Partanen, 1964),
but it could also point towards a role of fluid intelligence
(Craik & Salthouse, 2008). These possibilities warrant a
more thorough exploration in future research.

Beyond examining age differences, the present find-
ings add to the general literature on sequence-preferences.
First, even though sequence-trend scores were correlated
across domains, we also found significant domain effects.
Participants preferred decreasing intensities for electro-
dermal stimuli but more mixed trajectories for physical
effort and monetary payouts. As noted by Frederick and
Loewenstein (2008), sequence-preferences may be influ-
enced by multiple motives. For example, preferences for
electrodermal stimuli may have been driven by efforts to
manage anticipatory dread, which would favor decreasing
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intensities, whereas preferences for effort and monetary
payouts may have been driven by the simple heuristic of
distributing events evenly over time. To shed more light
on such patterns, future studies should systematically
manipulate specific motives and the subjective cost of each
stimulus type.

Although null findings play a critical role in scientific
progress (Franco, Malhotra, & Simonovits, 2014), it is
important to consider methodological limitations that may
account for the lack of age differences. All available indi-
cators suggested that the experimental tasks functioned
as intended. Sequence-preferences were consistent for the
free and forced-choice version of the task and moderately
associated across outcome domains. This speaks to the reli-
ability of the sequence trend scores, although future studies
should bolster this evidence by obtaining test-retest reli-
ability. Affective responses to sequence administration also
followed the expected patterns. For electrodermal stimuli
and effort, trajectories of self-reported affect matched the
selected sequences (e.g., sequences with increasing inten-
sity resulted in increasing arousal). Surprisingly, increas-
ing sequences for the effort task were also associated with
increasingly positive affect. Anecdotal reports gathered
at the end of the study indicated that some participants
enjoyed the challenge of “beating the clock” on this task. For
the monetary domain, no association between the selected
sequence and affective responses was observed—most
likely because participants paid more attention to whether
they had won or lost a given gamble than to the amount
of money at stake. Physiological responses (Supplement D)
also showed the expected effects. For physiological base-
lines, there was a significant drop in spontaneous skin con-
ductance responses (SCRs) at the end of the study. Thus,
the experimental tasks did in fact impose a physiological
load on participants. Further, patterns of SCRs during
sequence administration indicated that the electrodermal
stimuli elicited more responses and more intense responses
than the effort and monetary task. Within each domain,
more intense stimuli elicited more intense SCRs.

Of course, other methodological limitations remain. One
obvious concern is sample size. The main study (n = 120)
was well powered (.96) to detect moderately sized effects
(r > .3), but the sample size may not have been sufficient
to detect smaller but nonetheless meaningful age effects.
Note, however, that the direction of age differences in
sequence-preferences was inconsistent across domains and
that observed effect sizes were very small (average Irl = .08).
Further, the average JZS Bayes factor across samples and
domains was 3.74. According common conventions (Lee
& Wagenmakers, 2013) this would be considered “substan-
tial” evidence in favor of the null hypothesis.

Another concern is that the older participants may not
have been representative because the use of electrodermal
shocks required stringent health-based exclusions. This
could have attracted uncharacteristically healthy older
adults with better homeostatic capability and therefore

less incentive to spread out arousing stimuli. However, we
found familiar age decrements in self-rated physical health,
fluid cognition, psychomotor speed, and tonic skin con-
ductance. This speaks against the notion that we recruited
an overly healthy sample. Nonetheless, the present findings
should be backed up by future studies using other forms of
aversive stimuli (e.g., annoying sounds) that do not require
health-based exclusions.

Characteristics of the experimental paradigm may have
contributed to the lack of age effects as well. The sequences
comprised only 15 items lasting for a total of 5 min per
domain. This may not have been long enough to require
the strategic management of emotion-regulation over time.
Note that Lockenhoff et al. (2012), who found an age-
related preference for mixed sequences, included twice as
many items, whereas Drolet et al. (2011), who found an
age-related preference for improving sequences, included
only three items. Thus, future studies should systematically
manipulate sequence length and implement outcomes that
span longer time frames (i.e., days to weeks) to examine
if age effects emerge when there is a long-term drain on
resources.

Of course, it is also possible that age differences in
sequence-preferences are domain dependent, and we may
have inadvertently selected domains that are not susceptible
to age effects. Research on temporal discounting, a related
form of intertemporal choice, provides some hints that age
differences vary by outcome domain. Jimura et al. (2011),
for example, found age differences in the discounting of
hypothetical monetary payouts, but not in the discounting
of real liquid rewards. Similarly, Seaman et al. (2016) found
that age differences in discounting varied across the mon-
etary, health, and social domain. However, in the present
study, even the monetary domain did not show any signifi-
cant age effects.

Although various methodological concerns remain to
be addressed in future studies, our findings raise the pos-
sibility that preferences for sequences may in fact remain
stable with age. Previous studies showing evidence for age
differences in sequence-preferences (Drolet et al., 2011;
Lockenhoff et al., 2012) may have been ambiguous in their
question framing or the depiction of outcomes (Frederick
& Loewenstein, 2008). Given well-documented age dif-
ferences in framing effects (Kim, Goldstein, Hasher, &
Zacks, 2005; Mikels & Reed, 2009), younger and older
adults may have differentially interpreted such ambigui-
ties resulting in spurious age effects. The present studies, in
contrast, offered a clear visual depiction of the sequences
and provided multiple opportunities to sample the stimuli.
This may have reduced noise and framing effects and thus
provided a clearer view of age-related stability in sequence
choices.

If corroborated by future studies, the present null results
could suggest that sequence-preferences are developed rela-
tively early in life and—Ilike certain aspects of personal-
ity traits—remain relatively stable thereafter. Longitudinal
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studies would be needed to systematically explore this possi-
bility. Perhaps more importantly, even though preferences for
sequences do not differ much by age, the adaptive value of dif-
ferent types of sequences could change across the life span. For
instance, the strategy of tackling the greatest challenges right
away may have benefits for younger adults because it allows
them to get things done quickly, but maintaining this approach
into old age may be a liability if it depletes homeostatic poten-
tial to a point that is hard to recover from. Similarly, younger
adults may be able to get away with postponing tasks until the
last minute and then work nonstop to catch up in time, but this
may not be an option for older adults who may find it harder
to muster the necessary resources for such intense efforts. These
effects could be particularly salient when sequences are not
self-selected as in the present studies but imposed by environ-
mental contingencies. To explore this possibility, future studies
should examine what happens when participants of different
ages are randomly assigned to different types of sequences.

Supplementary Material

Supplementary data is available at The Journals of
Gerontology, Series B: Psychological Sciences and Social
Sciences online.
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