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Switching Gears: Age-Related Differences in
Goal-Directed and Habitual Behavior

Chelsea Hennessy1, Thomas Pace1, 2, Remy Blatch-Williams3, Tim van Timmeren4,
Sanne de Wit4, and Sophie C. Andrews1, 2, 3
1 Thompson Institute, University of the Sunshine Coast

2 Neuroscience Research Australia, Randwick, New South Wales, Australia
3 School of Psychology, University of New South Wales

4 Faculty of Social and Behavioural Sciences, University of Amsterdam

Objective: The present study intended to improve understanding of cognitive factors contributing to age-
related differences in cognitive ability to shift between goal-directed (i.e., purposeful) and habitual (i.e.,
automatic) behavior.Method: Fifty participants, divided into two age groups (older: n = 25,Mage = 67.35,
15 female; younger: n= 25,Mage = 20.84, 18 female), were included. They completed behavioral measures
of mood and well-being, as well as a cognitive battery of measures related to memory, reaction time, and
speed of processing. Goal-directed and habitual responding was measured using the symmetrical outcome-
revaluation task. Response window lengths were varied with overall longer response windows for older
(800 ms short/1,100 ms long) compared to younger adults (500 ms short/800 ms long). Independent sample
t tests, mixed analyses of variance, and analyses of covariance were used to compare age groups on
behavioral and cognitive measures and the symmetrical outcome-revaluation task. Results: When given
short response windows, both age groups displayed a reliance on habitual behavior over goal-directed
responding. Interestingly, when provided longer response windows, younger adults were able to update
responding to exercise goal-directed behavior and significantly improved their task performance compared
to older adults who continued to rely on incorrect habitual responses. Working memory did not appear to be
a significant driver of performance differences. Conclusions: These findings provide a better understanding
of the balance between goal-directed and habitual behaviors in aging, suggesting that age-related slowing
and memory changes do not fully account for older adults’ reliance on habitual responding and warrant
further research into practical implications of addressing healthy behavioral change in older adults.

Key Points
Question:Do the cognitive changes associated with aging, particularly age-related slowing and memory,
impact the ability to change between goal-directed (i.e., purposeful) and habitual (i.e., automatic)
behaviors? Findings: There appear to be age-related differences between these two behaviors with older
adults displaying a reliance on engrained habitual responding, whereas younger adults can shift to goal-
directed behavior when given enough time. Importance:These findings provide a better understanding of
the balance between these behaviors in aging, demonstrating a reliance on habitual behaviors for older
adults compared to younger adults which is not fully explained by age-related slowing or memory. Next
Steps: These findings warrant further research into their practical implications for behavioral change
interventions addressing healthy behavioral change during aging by focusing on habitual, automatic
routines.

Keywords: healthy aging, speed of processing, goal-directed behavior, habitual behavior, symmetrical
outcome-revaluation task
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Have you ever been in a situation where your friend moved house
and, when you visited them, you mistakenly drove the route to their
old house automatically? In this instance, you were unable to “shift
gears” to update your behavior and performed a “slip of action”
(Hardwick et al., 2019), whereby the automatic habit of driving the
old route interfered with the updated goal of driving to the new
location. During aging, the ability to change old habits for new goals
can become impaired, rendering older adults more vulnerable to
these automatic slips of action (de Wit et al., 2014; Eppinger et al.,
2013; Peng et al., 2021; Wood & Rünger, 2016). But what are the
cognitive processes that drive this tendency to stick to old habits
rather than shift gears?
The associative dual-process model of behavior proposes that our

actions are controlled by two systems: one which is purposeful and
based on achieving specific goals (i.e., goal-directed) and another
that relies on automatic responses (i.e., habits; Dickinson, 1985).
Initially, behavioral responses are driven by goals between stimulus
(S) and desired outcomes (O), but as these responses (R) are repeated
in a consistent setting, they can become unconsciously driven by the
cues from previously learned S–O associations. As such, behavior
becomes less contingent on desired outcomes, and actions are a direct
response of the presented stimulus (S–R), referred to as “habitual”
behavior (Dickinson, 1985; Heyes & Dickinson, 1993; Ouellette &
Wood, 1998).
A number of executive functions and cognitive domains (e.g.,

working memory, inhibition, and processing speed; Davidson et al.,
2006; Dickerson et al., 2014; Leversen et al., 2013) support
individuals to perform goal-directed and habitual behaviors and
switch between the two as needed. However, these domains are
known to decline with age (Gajewski et al., 2018, 2010; Verhaeghen
& Cerella, 2002) which can lead to a disruption of the dual-system
balance between goal-directed and habitual behaviors. For instance,
habitual behavior is thought to override goal-directed actions when
cognitive resources are limited or operating conditions are poor
(Hardwick et al., 2019; Keramati et al., 2011; Luque et al., 2020;
Schwabe &Wolf, 2009). While this may be beneficial in some cases
when decisions need to be made quickly, slips of actions occur, and
unwanted habits persevere, when cognitive abilities are not engaged
to update behavior when goals change.
To investigate the balance between goal-directed and habitual

control, experimental psychologists have developed outcome-
revaluation tasks, including the recently developed symmetrical
outcome-revaluation task (SORT; Watson et al., 2023) developed
from animal models that suggest a dual-process model of behavior
in balancing goal-directed and habitual responding (see deWit et al.,
2009). The SORT assesses an individual’s flexibility to shift
between goal-directed and habitual control by objectively measur-
ing their responses when outcome values change (Watson et al.,
2023). This is done by training individuals to respond to stimuli
based on the desired outcomes whereby some stimuli have valuable

outcomes requiring a response (Go), while others have nonvaluable
outcomes that do not require a response (NoGo). As individuals
learn the values of each stimulus, they form S–O associations (e.g., if
the presented stimulus is valuable, they learn to respond Go). Through
repeated exposure to the stimuli, outcomes become less important, and
people form and rely on direct habitual S–R links (e.g., see the stimulus
and unconsciously respond Go based on previous knowledge that it
is valuable). The training phase is succeeded by a test phase where
some of the stimuli’s signaled outcome values, and consequently the
appropriate response, are changed, introducing incongruent (changed)
and congruent (unchanged) test trials. For example, stimuli that were
valuable and required a Go response during training will either still
be valuable (congruent) or no longer be valuable (incongruent) and
therefore no longer require a response, during the test phase of the task.
Correct (non)responding in line with the change in signaled outcome
value on incongruent trials suggests goal-directed behavior and an
ability to override previously learned habitual responses flexibility to
shift from habitual to goal-directed behavior. In contrast, incorrect
(non)responding during incongruent trials indicates that behavior is
habitually driven by the S–R links formed during training (Adams,
1982; Dickinson, 1985; Watson et al., 2023).

Previous experimental research has shown that compared to
younger adults, healthy older adults rely on habitual responding and
demonstrate reduced ability to shift gears to goal-directed responding
when learning new behaviors (de Wit et al., 2014; van de Vijver et al.,
2023). For instance, a recent study implemented the SORT with a
healthy older population (Mage = 71.4) to provide a measure of habit
tendency, operationalized by the difference in performance accuracy
between congruent and incongruent test trials (i.e., still valuable vs.
upvalued and still nonvaluable vs. devalued trials). Results demon-
strated a significantly higher reliance on habits for older adults as
compared to younger adults which appeared to assist older adults’
formation of daily routines (van deVijver et al., 2023). However, this is
the only study administering the SORTwith an older demographic, and
it is unclear how these findings are impacted by the broader cognitive
declines and slowing associated with aging (Godefroy et al., 2010;
Salthouse, 2004, 2010). For example, while workingmemory is known
to deteriorate with age, prior research involving younger adults has
shown that taxing working memory selectively impairs model-based
(i.e., goal-directed) behaviors while leaving model-free (i.e., habitual)
behaviors relatively unaffected (Otto, Gershman, et al., 2013). This
suggests that reduced working memory capacity associated with
agingmay contribute to older adults’ reliance on habitual behavior even
when faced with change. However, studies have demonstrated that
age-related differences shifting between goal-directed and habitual
behaviors remain when controlling for working memory capacity
(de Wit et al., 2014; Eppinger et al., 2013).

Additionally, the concept of goal-directed versus habitual behavior
is similar to those of recollection versus familiarity with respect
to episodic memory under the process dissociation procedure
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(Jacoby, 1991). In this dual-process framework of episodic memory,
recollection refers to actively recalling and retrieving specific
information (i.e., goal-directed behavior), whereas familiarity is
suggestive of learning effects supporting automatic responding (i.e.,
habitual behavior; Jacoby et al., 1993; Yonelinas, 1994). Early
research using cued-recall tasks under this model separated the
contribution of recollection and familiarity as influences making
independent contributions to performance (Hay & Jacoby, 1996),
similar to the balance between goal-directed and habitual behavior
under the associative dual-process model. Studies of recollection
and familiarity with older adults suggest that age-related declines in
recollection leave them more susceptible to memory slips (i.e., slips
of action) from interference of either intact or less reduced familiarity
(e.g., Anderson&Craik, 2006; Guerdoux et al., 2012; Hay& Jacoby,
1999; Jacoby, 1999). This is similar to experimental research
demonstrating a preference for habitual over goal-directed behaviors
in aging.
The impact of other key cognitive domains known to decline with

age such as reaction time (RT) and speed of information processing
(Birren, 1974; Dickerson et al., 2014; Kline & Birren, 1975;
Leversen et al., 2013) on older adults’ ability to change behaviors
has also not been investigated. Thus, age-related decline in these
domains could potentially explain some of the variability observed
in more complex cognitive functions and may have impacted the
accuracy of responses in outcome-revaluation paradigms in studies
with restricted time windows.
The present study aimed to improve understanding of age-related

differences in cognitive ability to shift between goal-directed and
habitual behavior using the SORT, assessed by comparing task
performance between older and younger adult groups. To investigate
and understand what factors drive any age-related differences
observed, we additionally collected measures of psychological and
cognitive characteristics to be explored and interpreted alongside
age-related variances. Based on age-related cognitive declines, we
hypothesized that younger adults would be better able to cognitively
shift from habitual to goal-directed responding. We anticipated
that both age groups would display slips of (in)action on the
incongruent test trials but expected older adults to rely more on
habitual responding and, therefore, perform significantly more slips
of (in)action than younger adults. Importantly, we also included two
response window conditions during testing (one short and one long)
to explore whether speed of processing impacted an individual’s
ability to switch between habitual and goal-directed behavior. Due
to age-related slowing, we increased the short and long response
window by 300 ms for older adults compared to younger adults. We
expected both age groups to perform more accurately during testing
when given longer to respond.

Method

Participants

A total of 53 participants were recruited for this study from May
to November 2022. Young adults included university students
recruited via the University of New South Wales participant
recruitment system (Sona Systems, https://www.sona-systems.com).
Older adults were recruited via social media platforms, public
noticeboards, the Neuroscience Research Australia (NeuRA)

volunteer participant database, and the StepUp for Dementia
Research website. Recruitment flyers to advertise the study detailed
the aims, involvement details, eligibility criteria, and contact details
to participate. Interested individuals who contacted researchers
underwent eligibility screens over the telephone. Eligibility criteria
included aged between 60 and 90 years for older adults or 18 and
30 years for younger adults, English-speaking, and able to attend
NeuRA, Randwick (in Sydney, Australia), for in-person testing.
Exclusion criteria included a previous or current neurological
disorder diagnosis (e.g., neurodegenerative disease, stroke), a
current diagnosis of dementia, or severe psychiatric illness.

Three older adults were excluded as they could not complete
the SORT within the allocated time frame as they found the task
too difficult. Therefore, 50 participants were included: 25 younger
adults (18–30 years) and 25 older adults (60–77 years), all with
normal or corrected to normal vision. All participants had obtained
a minimum level of secondary education. For younger adults, eight
reported their ethnicity as Caucasian and 17 as Asian. Of older
adults, 21 reported their ethnicity as Caucasian and two as Asian
(two older adults did not disclose their ethnicity). A comparison of
participant group characteristics is presented in Table 1. There were
no significant differences in gender distribution. Younger adults
reported significantly higher levels of depression, anxiety, and stress
symptomatology on the Depression Anxiety Stress Scale (DASS),
with 32%, 28%, and 52% categorized as at least moderate symptoms
on the depression, anxiety, and stress subscales, respectively. Older
adults had lower levels, with 19% scoring at least moderate
symptoms on the depression and stress subscales and none reporting
moderate or severe levels of anxiety. Younger adults’ higher DASS
scores align with mental health data for this age group (Australian
Bureau of Statistics, 2020–2021).

The required sample size was calculated based on previous
studies (e.g., van de Vijver et al., 2023; Watson et al., 2023) and a
G*Power analysis (Faul et al., 2007). A sensitivity analysis for
analyses of variance (ANOVA) of the SORT test phase data with an
α of .05, power of 0.8, and total sample size of 50 indicated sufficient
power to detect a small-to-medium effect size ( f = 0.17).

Participants provided informed written consent to participate and
use their de-identified data in publications. They received either
course credit or a cash reimbursement (AUD$30) for their time
(roughly 2.5 hr). This project was approved by the University of
New South Wales Human Research Ethics Committee.

Stimuli and Materials

Cognitive Measures

In order to characterize the cognitive capabilities of the groups,
we administered the following short battery of cognitive tasks: the
Trail Making Test Parts A and B (Reitan, 1955) for attention and
psychomotor speeds; Symbol Digit Modalities Test (Smith, 1991) for
speed of information processing; Digit Span Test (Wechsler, 1997)
for short-term and working memory; Hopkins Verbal Learning
Test–Revised (Brandt & Benedict, 2001) for verbal learning and
episodic memory; and the Rey Complex Figure Test (Meyers &
Meyers, 1995) for visuospatial recall and recognition memory and
visuospatial constructional ability.
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Speed of Processing Task

A short, computerized task involving detection and discrimina-
tion was also administered. Similar to the Symbol Digit Modalities
Test, it provides a measure of information processing speed
but additionally records reaction time as well (Figure 1). The task
was programmed and run in MATLAB (Mathworks, Natick,

Massachusetts) using the Psychophysics Toolbox extensions (Brainard,
1997; Kleiner et al., 2007; Pelli, 1997).

Stimuli. We used sinusoidal gratings with a 2.5° visual angle
and 100% contrast, generated using a Gaussian-windowed mean
luminance profile. The gratings had a spatial frequency of 0.5 cycles
per degree and were oriented either horizontally or vertically, with a
luminance ramp at the center.

Figure 1
Speed of Processing Task Overview

Note. Speed of Processing task. Panel A: Detection task where participants respond by pressing the spacebar as fast as
possible when the grating appears providing a measure of reaction time. Panel B: Discrimination task where participants
respond as fast as possible by pressing the up arrow key for vertical gratings or the right arrow key for horizontal gratings
providing a measure of processing speed. See the online article for the color version of this figure.

Table 1
Participants’ Means and Standard Deviations for Demographic, Psychological, and Cognitive Characteristics
by Age Group

Variable Younger adult Older adult p Cohen’s d

n (female) 25 (18) 25 (15)a .613 0.14
Age (years) 20.84 (3.18) 67.35 (5.32)a <.001*** −10.72
Depression Anxiety Stress Scale
Depression subscale (/42) 10.96 (7.35) 6.32 (6.07) .019* 0.69
Anxiety subscale (/42) 8.56 (6.49) 2.48 (2.96) <.001*** 1.21
Stress subscale (/42) 13.72 (8.89) 6.96 (5.20) .002* 0.93

Hopkins Verbal Learning Test
Total recall (/36) 23.68 (4.44) 24.08 (4.00) .737 −0.10
Discrimination index 11.48 (1.01) 11.36 (0.80) .655 0.13

Rey Complex Figure
Recall (/12) 11.92 (0.28) 11.84 (0.38) .396 0.24
Delayed recall (/12) 10.48 (2.08) 9.77 (1.48) .174 0.39

Digit Span Test
Forwards (/14) 9.36 (4.58) 8.82 (2.23) .430 0.23
Backwards (/14) 5.00 (2.42) 6.27 (2.23) .059 −0.55

Trails Making Test (s)
Test A 24.18 (8.03) 28.75 (8.84) .056 −0.55
Test B 56.78 (19.92) 69.10 (25.42) .062 −0.54

Symbol Digit Modalities Test (score in 90 s) 58.44 (9.47) 49.06 (8.61) <.001*** 1.04
Speed of Processing task (s)
Detection 0.27 (0.05) 0.29 (0.03) .102 −0.47
Discrimination 0.47 (0.13) 0.63 (0.12) <.001*** −1.25

Note. N = 50 (n = 25 in each age group). Age-related differences were measured using chi-square tests for categorical
variables and t tests for continuous variables.
a Demographic data were missing for two older participants.
* p ≤ .05. *** p < .001.
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Procedure. Each trial began with a 1.5-s notice period during
which the text “Trial x of 40” was displayed on the screen in white
text, where “x” signified the current trial number. After this notice,
a small fixation cross was displayed at the center of the screen. An
oriented grating subsequently appeared following a variable time
interval, which was randomly determined on each trial to range
between 0.6 and 6 s from the end of the trial number notice. The
orientation of these gratings was pseudorandomized and systemati-
cally varied; half of the trials presented vertical gratings, while the
other half presented horizontal gratings. Gratings were presented
on screen until participants responded with a button press. After a
participant’s response, an intertrial interval of 1.5 s followed, with
only the fixation presented. Subsequently, the notice period for the
next trial commenced, displaying the new trial number.
During detection, participants were instructed to respond by

pressing the spacebar as fast as possible when any oriented grating
appeared on the screen. Participants were instructed to rest their
right-hand pointer finger on the spacebar to make responses. During
discrimination, participants were instructed to respond as fast as
possible by pressing the up arrow for vertical gratings or the right
arrow for horizontal gratings. Participants were instructed to rest
their right-hand pointer finger on the up arrow and their right-hand
middle finger on the right arrow. The detection task measured motor
reaction time (ms), and the discrimination task represented visual
processing speed as measured by reaction time (ms). Participants
completed five practice and 40 test trials for each condition. This

discrimination task was akin to the Choice reaction time task from
Hale et al.’s (1993) study. Similar visual processing speed tasks
have demonstrated construct validity among older populations
(Owsley, 2013).

Symmetrical Outcome-Revaluation Task

The SORT is a computerized task programmed in Presentation
(Version 18.1) and presented to participants on a laptop computer,
providing a measure of habitual and goal-directed behavior. During
the task, participants engaged in the Starving Pedestrian Game
where they played a hungry pedestrian and had to collect ice creams
(and points) from an ice cream delivery truck to satisfy their hunger.
The task comprised four phases: a demonstration phase, a Pavlovian
learning phase, an instrumental training phase, and an outcome-
revaluation test phase. The task was designed similar to Watson et
al.’s (2023) study, with an overview of the key phases described
below and a detailed description provided in the Supplemental
Materials. Response windows were determined from piloting varied
time frames and based on previous literature in this area (van de
Vijver et al., 2023; Watson et al., 2023).

Stimulus and Outcomes. During the key phases of the SORT,
there were eight delivery truck stimuli, each represented by a
different colored and shaped logo (Figure 2A). Each truck delivered
one of the four ice cream outcomes (Figure 2B), meaning that each
ice cream was delivered by two trucks.

Figure 2
SORT Stimuli and Outcomes

Note. Panel A: Stimuli trucks—the eight delivery truck stimuli used in the learning, training, and test phases of the symmetrical outcome-revaluation task
(SORT). Panel B: Outcome ice creams—the four-ice-cream outcomes delivered by the trucks during the learning, training, and test phases of the SORT.
See the online article for the color version of this figure.
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Pavlovian Learning Phase. This phase consisted of two
blocks of eight trials, which provided participants with the
opportunity to form S–O associations between the eight delivery
trucks (stimulus) and four ice creams (outcomes; see Figure 3Ab).
Participants did not need to respond during this phase of the task
but were asked to focus on viewing the eight delivery trucks as they
were presented on the screen with their associated ice cream to
learn the associations. Each ice creamwas delivered by two delivery
trucks, with the associations randomized per participant. After each
block, participants completed an S–O Knowledge Test where they
were individually shown each of the delivery trucks with all four ice
cream options and instructed to select the ice cream delivered by
that truck. There were four trials of each S–O Knowledge Test,
representing each of the four delivery trucks.
Instrumental Training Phase. The training phase consisted

of 24 blocks of 16 trials, where participants continue learning the
S–O associations and form Go/NoGo responses to the delivery

truck stimuli based on outcome values or the ice creams (see
Figure 3D). At the start of each block, participants were shown the
outcome value instruction screen (Figure 3Ac) informing which
ice creams were valuable (should respond to/Go) and which were
nonvaluable (should not respond to/NoGo) for that block of trials.
Trials began with the presentation of a delivery truck (stimulus),
accompanied by a vendor. The appearance of the truck and vendor
signaled the start of the response window period, whereby younger
participants had 500 ms and older participants had 800 ms. During
the response window, participants had to decide to respond
(spacebar) to collect the ice cream delivered by that truck if it was
valuable, or not-respond/collect the ice cream delivered by that
truck when it was nonvaluable. Participants were instructed to rest
their right-hand pointer finger on the spacebar. The vendor then
disappeared signaling the end of the response window, and there was
a 200-ms delay before the ice cream outcome was presented for
700 ms. Trials were separated by a jittered 1,000–1,500 ms intertrial

Figure 3
The Symmetrical Outcome-Revaluation Task (SORT)

Note. Panel A: SORT structure—overview of structure and phases of task. Panel B: Instrumental training phase—example trial structure for the instrumental
training phase. Panel C: Test phase—example trial structure for the test phase. Panel D: Trial types—example SORT test phase trial types. Green squares
represent valuable ice creams requiring a response, and red squares represent nonvaluable ice creams, not requiring a response. S–O = stimulus–outcome;
SRBAI = Self-Report Behavioral Automaticity Index; ISI = interstimulus interval. See the online article for the color version of this figure.
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interval. At the end of each block, a feedback screen was presented
for 5 s.
During training, four trucks always delivered valuable ice creams,

while the other four always delivered nonvaluable ice creams,
meaning that only four delivery trucks were presented and each ice
cream was only carried by one truck per block (e.g., if the Cornetto
was delivered by the triangle and flag delivery truck, during valuable
blocks, it was delivered by the triangle truck only, and during
nonvaluable blocks, it was delivered by the flag truck only). This
response consistency allowed participants to form direct S–R links
between the trucks and either responding or not. After every eight
blocks, participants could take an optional self-paced break of up
to 30 s. After the last training block, participants completed a
third S–O Knowledge Test and a measure of automaticity (details
provided in Supplemental Materials).
Test Phase. After participants had learned the S–O associations

and formed Go/NoGo responses during training, some outcome
values were changed during a test phase consisting of two blocks
of 32 trials (see Figure 3C). During testing, all eight delivery
truck stimuli were presented four times per block, and trials were
randomized in a pseudorandomized order. Test trials ran similar to
training, apart from a few fundamental changes. First, ice creams
displayed atop the trucks at the end of training trials were now covered
and no longer visible. In addition, all eight trucks were featured in
each block, meaning that each ice cream was now delivered by
two trucks per block. Most importantly, some ice cream outcome
values changed for each block. This created four different trial types
(Figure 3D). Still valuable trials: during training and test phases, the
truck always delivered a valuable ice cream requiring a Go response.
Upvalued trials: during training the truck delivered a nonvaluable
ice cream (NoGo), but during testing, the ice cream became valuable
(upvalued) now requiring a Go response. Still nonvaluable trials:
during training and the test phase, the truck always delivered a
nonvaluable ice cream, never requiring a response (NoGo). Devalued
trials: during training, the truck delivered a valuable ice cream (Go),
but during testing, the ice cream became nonvaluable (devalued), no
longer requiring a response (NoGo). Participants also did not receive
immediate feedback on performance accuracy between blocks, so
they did not continue to learn S–R associations during testing. Instead,
they were presented with overall response accuracy at the end of the
test phase. The test phase also included a short and long response
window condition. The short condition was 500 ms/800 ms (younger/
older adults), and the long condition was 800 ms/1,100 ms (younger/
older adults).

Procedure

Online Questionnaire

Participants were emailed an online questionnaire created and
administered using REDCap electronic data capture tools software
(Harris et al., 2009, 2019), which included psychological measures
of motivation and negative emotional states. Self-report assessments
included the Depression, Anxiety, and Stress Scale–Shortened
Version (Lovibond & Lovibond, 1995) providing a measure of
negative emotional states, with higher scores indicating more severe
presentation of symptoms.

In-Person Assessment

Participants then attended an in-person session (90 min) at
NeuRA with a trained researcher, where they completed the
cognitive assessment battery and the SORT.

Statistical Methodology

All data analysis was performed using IBM SPSS Statistics
(Version 29.0.0.0). Missing data were determined to be missing
completely at random (Little’s missing completely at random
test nonsignificant, p = 1.0) and imputed through Expectation
Maximization within SPSS’s Missing Value Analysis. Missing
data comprised 4% of psychological measures and 1% of the
Speed of Processing task results. The data were then outlier-
adjusted using the Z-score standard deviation procedure, with
Z-scores >3.29 or ≤3.29 being adjusted to one unit above the
nearest score (Tabachnick et al., 2013). A computer error
disrupted data for four older adults SORT S–O knowledge and
training phase data; these participants were excluded from analyses
including this variable.

Initially, we compared the two age groups on demographic and
cognitive variables, their performance on the Speed of Processing
task, and their SORT S–O knowledge using independent samples
t tests. For analysis of training data, blocks were collapsed per
2 (reducing 24 blocks to 12 blocks), and accuracy (i.e., % of correct
[non]responding during response window) was analyzed using
repeated mixed-model ANOVAs with block (1–12), response type
(Go/NoGo), and age group. To explore group differences in goal-
directed and habitual behavior, we ran further repeated measures
mixed-model ANOVAs on test phase data, including the within-
groups factors of response window condition (short or long) and
trial type (upvalued, devalued, still valuable, and still nonvaluable),
split by value-congruency (congruent or incongruent) and response
type (Go or NoGo) and the between-groups factor of age group
(younger or older). To investigate the role of working memory in
SORT test performance, we then added Digit Span Backwards Test
scores as a covariate in an analysis of covariance. Bonferroni
corrections were adopted for follow-up pairwise comparisons.

To determine the relationship between SORT test phase
performance and other significant variables, we ran two-tailed
Spearman’s correlations with relevant measures. Spearman’s correla-
tions were chosen as the SORT data were not normally distributed
as per the Shapiro–Wilk test (p < .05). Given the design and nature
of the SORT, participants are expected to demonstrate improved
accuracy over the course of training, reflecting this nonnormality. As
such, we proceeded with the planned analyses while acknowledging
this breach of normality. Key findings are reported below, with full
results available in the Supplemental Materials.

Transparency and Openness

We report how our sample size was determined and describe all
data exclusions, manipulations, and measures in the study following
the Journal Article Reporting Standards (Appelbaum et al., 2018).
All research materials, de-identified data, analyses, and analysis
codes are available on the Open Science Framework at https://osf
.io/fh7sb/?view_only=2be3e86d29814a4eb3a4b2fc8ec60e6d. Data
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analysis was performed using IBM SPSS Statistics (Version
29.0.0.0). This study’s design and analysis were not preregistered.

Results

Neuropsychological Assessment

As outlined in Table 1, there were no significant cognitive
performance differences between age groups on tasks of verbal or
visual learning and episodic memory, basic or divided attention, or
immediate or working memory. However, older participants showed
significantly slower processing speeds than younger adults, as
assessed with the Symbol Digit Modalities Test, t(48) = 3.67, p <
.001, d = 1.08. Older adults were also significantly slower than
younger adults on the discrimination trials during the Speed of
Processing task, t(48) = −4.42, p < .001, d = −1.25. Yet, on
the detection trials, reaction times were not significantly different
between age groups, t(48) = −1.67, p = .102, d = −0.47. This
suggests that younger and older adults have similar motor responses,
but when you add information processing requirements, older adults
take significantly longer to respond. By giving older adults 300 ms
longer to respond than younger adults in the SORT, we aimed to
account for this age-related slowing.

SORT

Learning and Training Phases

Both younger and older adults demonstrated they could
complete the SORT and learn the S–O associations throughout
the learning and training phases (Figure 3). Independent samples
t tests demonstrated that while both younger and older adults had
good S–O knowledge at the end of training (younger:M = 98.5%,
SD = 4.15%; older: M = 81.55%, SD = 20.77%), younger adults’
S–O knowledge was significantly better than older adults’ (Mdiff =
16.95, p < .001, 95% CI [8.40, 25.51]). This variability in S–O
knowledge between age groups may advantage younger adults’
accuracy in the SORT test phase if they were better able to initially
learn the S–O associations compared to the older adults.
Training data analysis showed an increase in participant’s

performance accuracy over time for both age groups as demonstrated
by a main effect of block, F(11, 260.58)= 19.96, p< .001, η2p = .312.
A main effect of response type (valuable Go or nonvaluable NoGo),
F(1, 44) = 11.31, p = .002, η2p = .204, additionally highlights
that participants were more accurate on nonvaluable trials when
no response (NoGo) was required. Furthermore, a main effect of age
group demonstrates that, overall, younger adults performed more
accurately compared to older adults, F(1, 44) = 7.88, p = .007, η2p =
.152. However, these main effects are superseded by a significant
interaction between block, response type, and age group, F(11,
322.66) = 7.50, p < .001, η2p = .146. Most notably, older adults
showed poorer performance initially, with a greater improvement
over time, on the valuable Go trials compared to the nonvaluable
NoGo trials. This suggests that it takes longer for older adults to learn
and accurately respond on trials requiring a Go response, whereas
younger adults learned to respond on Go and NoGo trials at the
same rate. However, by the end of the training phase, both younger
and older adults demonstrated high performance accuracy on both

valuable Go (younger: M = 92.50%, SD = 17.40%; older: M =
91.07%, SD = 13.49%) and nonvaluable NoGo trials (younger:M =
98.00%, SD = 4.32%; older: M = 94.05%, SD = 10.36%), with no
significant difference between age groups, Go trials: t(44)= .307, p=
.761; NoGo trials: t(44) = 1.74, p = .115. This suggests that while
younger adults demonstrated higher S–O knowledge at the end of
learning and training phases, both age groups had similar performance
accuracy on the SORT prior to outcome values changing in the test
phase (see Figure 4).

Test Phase

Figure 5 demonstrates the overall performance of participants
on the SORT test phase. ANOVA results showed that younger and
older adults performance was not globally different on the SORT
test phase conditions as seen by a nonsignificant main effect of age
group, F(1, 48) = .29, p = .593, η2p = .01. A significant main effect
of value-congruency, F(1, 48) = 83.86, p < .001, η2p = .64,
demonstrates that as expected, participants made more errors when
a change in signaled outcome value required them to adjust their
response (Mdiff = −21.43, p < .001, 95% CI [−26.13, −16.72])
than when outcome values were unchanged (i.e., participants made
more errors on value-incongruent trials than value-congruent trials).
There was also a significant main effect of response window, F(1,
48) = 28.73, p < .001, η2p = .37, with participants performing
more accurately when given more time in the long response window
condition (Mdiff = 9.43, p < .001, 95% CI [5.89, 12.96]) as we
also anticipated. Interestingly, there was a significant main effect
of response, F(1, 48) = 39.26, p < .001, η2p = .45, with participants
performing more accurately on trials where a response was not
required (NoGo) compared to when a response was required (Go;
Mdiff = 14.31, p < .001, 95% CI [9.72, 18.91]). Importantly, there
was a significant four-way interaction between response window,
trial type (response and value-congruency), and age group, F(1,
48) = 9.97, p = .003, η2p = .17, indicating a complex interplay of
these variables with differences between age groups in the pattern
of accuracy across trial types and response windows. Between age
groups, post hoc pairwise comparisons were used to further explore
this interaction.

Age-related differences were only observed for upvalued trials
in the long responsewindow condition, with older adults’ performance
being significantly worse compared to younger adults (Mdiff = 29.75,
p < .001, 95% CI [14.60, 44.64]; Figure 5). This indicates that, when
provided with longer response windows, younger adults successfully
adapted their behavior to respond to stimuli that were originally
classified as nonvaluable (NoGo) during training but were upvalued
(Go) at the test phase, while older adults did not benefit from the
additional time. There were no further significant differences between
age groups across SORT conditions (see Supplemental Table S3 in
Supplemental Results for further details).

Indeed, between response window conditions, younger adults’
performance accuracy was significantly higher on incongruent Go
(upvalued) trials when given more time to respond in the long
response window condition compared to the short response window
condition (Mdiff = −37.25, p < .001, 95% CI [−6.04, −20.96];
Figure 5), demonstrating flexibility and goal-directed action control.
However, this difference was not observed between response
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Figure 4
S–O Knowledge and SORT Training Accuracy

Note. N = 46 (n = 25 younger adults, n = 21 older adults due to missing data). Error bars represent ±1 standard
error of the mean. Panel A: S–O knowledge halfway through Pavlovian learning (T1), the end of Pavlovian
learning (T2), and the end of training (T3). Panel B: Accuracy in the training phase collapsed across two blocks.
Participants learned across the 24 training blocks to respond (Go) to valuable stimuli and inhibit responses (NoGo)
to nonvaluable stimuli. By the end of training, there was no significant difference in accuracy between younger and
older adults. SORT = Symmetrical Outcome-Revaluation Task; S–O = stimulus–outcome; T = time. See the
online article for the color version of this figure.
** p < .001.
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window conditions on incongruent NoGo (devalued trials) when
younger adults had to inhibit the habitual Go response formed
during training (Mdiff = 5.25, p = .161, 95% CI [−9.17, 5.67]). This
demonstrates that when under time pressure (i.e., short response
window condition), younger adults struggle to respond (Go) in time,
contributing to higher accuracy on Go trials compared to NoGo
trials, particularly on incongruent trials where they can no longer
rely on the S–R relationships formed during training. In contrast,
older adults’ performance on both incongruent Go and NoGo trials
between time conditions (upvalued Mdiff = −5.75, p = .236, 95%
CI [−15.38, 3.88] and devalued Mdiff = −1.75, p = .638, 95%
CI [−9.17, 5.67]) was not significantly different. This suggests
that even when given more time to respond, older adults could
not cognitively shift from habitual to goal-directed responding
when outcome values change. While the main effect of age group
was nonsignificant suggesting similar SORT test phase performance
between younger and older adults, this significant four-way interaction
demonstrates that age-related differences occur in particular trial
types. Specifically, on upvalued (incongruent Go) trials, when given
longer to respond younger adults are able to flexibly update behavior,
whereas older adults are not.
We then controlled for effects of participant’s working memory

capabilities by adding Digit Span Backwards Test scores as a

covariate in an analysis of covariance. After controlling for working
memory, the four-way interaction remained significant, F(1, 47) =
8.38, p = .006, η2p = .15. The main effects also remained unchanged
with a nonsignificant main effect of age group but significant main
effects of value-congruency, response window, and response type (see
Supplemental Results; Hennessy, 2024). This suggests that working
memorywas not themain driver in older adults’ inability to cognitively
shift from habitual to goal-directed responding in this study.

Speed of Processing

As there were significant age-related differences between proces-
sing speeds, two-tailed Spearman’s correlations were run on the two
measures of processing speed (the Speed of Processing discrimination
task and Symbol Digit Modalities Test scores) and SORT test phase
performance accuracy. A summary is provided below, with correlation
tables available in the Supplemental Results. For test performance,
difference scores of accuracy on still valuable minus upvalued (Go
trials) and accuracy on still nonvaluable minus devalued (NoGo trials)
were calculated, independently for short and long response window
conditions. For younger adults, the analysis indicated no significant
correlations between Symbol Digit Modalities Test scores and
SORT test accuracy, but a moderate negative correlation between

Figure 5
Symmetrical Outcome-Revaluation Task Test Phase Accuracy

Note. N = 50 (n = 25 in each age group). Short response window condition (S) was 500 ms/800 ms for younger/older adults. Long response window
condition (L) was 800 ms/1,100 ms for younger/older adults. Bars represent mean performance accuracy (i.e., responding to Go stimuli and nonresponding
to NoGo stimuli). Error bars represent ±1 standard error of the mean. See the online article for the color version of this figure.
** p < .001.
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the Speed of Processing discrimination task on Go trials in the short
response window (i.e., still valuable—upvalued), rs(25)= −.45, p =
.024. This suggests that slower processing speeds may contribute
to the lower performance accuracy observed for younger adults on
trials requiring a Go response during the short response window
condition.
On the other hand, older adults SORT performance accuracy was

not significantly correlated with their reaction times on the Speed
of Processing discrimination task, suggesting that processing speed,
as measured by this task, did not impact older adults’ flexibility to
shift from habitual to goal-directed responding as we had expected.
Interestingly however, for older adults, there was a significant
moderate negative correlation between Symbol Digit Modalities
Test scores and performance on NoGo trials in the long response
window condition (i.e., still not-valuable—devalued), rs(25) =
−.41, p = .043. Again, this suggests that older adults slower visual
processing speeds, as measured by the Symbol Digit Modalities
Test, may negatively contribute to their performance on the SORT
when outcome values change within NoGo trials in the long
response window condition.

S–O Knowledge

As there were significant age-related differences in S–O
knowledge, two-tailed Spearman’s correlations were run on S–O
knowledge at the end of training and SORT test performance
difference scores. There were no significant relationships between
S–O knowledge and test performance accuracy for younger adults
(see Supplemental Table S13 of Supplemental Results). For older
adults, the analysis indicated a strong negative relationship only for
NoGo trials in the long response window condition, rs(21) = −.60,
p = .004. This suggests that older adults with less S–O knowledge
at the end of training were less able to update nonresponses on
incongruent test trials, even when given more time to respond in the
long respond window condition.

Mood

Due to the significant age-related variations in mood as
demonstrated by DASS scores, two-tailed Spearman’s correla-
tions were run to assess their relationship with SORT test
accuracy, again using difference scores. For younger adults, the
analysis indicated the presence of a moderate positive correlation
between the depression subscale and SORT test performance on
NoGo trials in the long response window condition only, rs(21) =
.47, p = .017. For older adults, the analysis indicated the presence
of a moderate positive correlation between both the depression
and stress subscale and SORT test performance on Go trials in
the long response window condition only, rs(25) = .53, p = .007,
and rs(21) = .44, p = .029 respectively. Full correlation analyses
are available in the Supplemental Results.

Discussion

This study investigated age-related differences in flexibility
to shift between goal-directed and habitual behavior while also
considering the impact of additional cognitive factors. Utilizing the
SORT paradigm with an older cohort, we found that while older
adults performed similarly to younger participants in accuracy

during the training phase, they exhibited reduced flexibility in
adjusting to changes in outcome value during the test phase. Both
age groups demonstrated slips of action during incongruent test
trials, implicating interference from habits formed during the
learning and training phases of the SORT. Under time pressure,
younger adults appeared to rely on habitual responding, as shown by
lower response accuracy on incongruent SORT test trials during
the short response window condition compared to the long response
window condition. This is an experimental demonstration of the
assumption that time pressure induces a shift from goal-directed
toward habitual behavior (Hardwick et al., 2019; Keramati et al.,
2011; Luque et al., 2020; Schwabe & Wolf, 2009). Importantly
though, on trials with a longer response window, younger adults
could update their behavior from habitual to goal-directed, as seen
by significantly fewer slips of action on incongruent Go trials in
the long response window compared to the short response window
condition. In contrast, older adults remained equally vulnerable to
stimulus-driven slips of action on incongruent Go trials, even with
a longer response window. Therefore, older adults continued to
rely on S–R habits formed during learning and training rather than
changing their behavior to accommodate new goals. Considering
performance accuracy did not change between time conditions for
older adults, their reliance on habitual responding appears not to be
fully explained by time pressure but potentially an interplay of other
factors. It is important to note these other factors that may contribute
to older adults’ reliance on habitual mechanisms of behavior such as
other cognitive domains, impaired S–O knowledge, and mood and
well-being.

It is well understood that processing speeds decline from midlife
onward, with slowing being categorized as one of the most robust
behavioral phenomena of human aging (Birren & Fisher, 1992;
Birren et al., 1980). This slowing also appears to contribute to other
cognitive impairments observed in healthy older adults including
working memory, attention, learning, and executive functioning
(Cerella & Hale, 1994; Kline & Birren, 1975; Salthouse, 1996,
2009), all of which support flexible, goal-directed behaviors. The
observed slower processing speeds in older adults compared to
younger adults may therefore be contributing to their reduced
flexibility to adapt behavior when outcome values changed on
incongruent test trials. This aligns with the dual-process models’
theoretical framework whereby habitual processes rely less on
cognitively taxing processes compared to goal-directed behavior
(Hardwick et al., 2019; Keramati et al., 2011; Luque et al., 2020;
Schwabe & Wolf, 2009). For younger adults, slower processing
speeds may have contributed to their decreased performance
accuracy on Go trials when under time pressure, as demonstrated
by a significant negative correlation with the Speed of Processing
discrimination task. Additionally, younger adults’mean RT on this
task was closer to the length of the SORT short response window
(≈457 ms and 500 ms respectively) compared to older adults
(≈635 ms and 800 ms, respectively). As such, the additional
300 ms provided for the long response window may have been
more meaningful for younger adults. However, interestingly, both
age groups achieved similar accuracy in the still valuable short
SORT test phase condition. Therefore, if the differences between
discrimination speed and short test time were the same for both
groups, we would expect to see a reduction in older adults for
this condition as well. Furthermore, for older adults, correlation
analysis demonstrated that speed of processing, as measured by
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both the Symbol Digit Modalities Test and the Speed of Processing
discrimination task, was not a significant contributor to performance
accuracy on Go trials during testing, where they demonstrated a
vulnerability to slips of action suggestive of a reliance on habitual
mechanisms. Therefore, older adult’s reliance on habitual behaviors
does not appear driven by slowing associated with aging.
Working memory capacity is another cognitive domain known

to decline with age (Kirova et al., 2015; Mattay et al., 2006; Nyberg
et al., 2009) which assists in sustaining and employing task-relevant
knowledge and, thereby, supports flexible adjustments to conscious
and purposeful (i.e., goal-directed) behavior (Hofmann et al., 2008).
As such, habitual behaviors are thought to override goal-directed
behavior when working memory capacity is reduced or taxed (Otto,
Raio, et al., 2013;Watson et al., 2023). However, we did not observe
any significant age-related differences in working memory between
younger and older adults as measured by the Digit Spans Test, which
may be influenced by a highly educated sample (Britton et al., 2008;
Lachman et al., 2010). Additionally, controlling for working
memory capacities did not impact the overall findings, suggesting
that it is not the main driver of the observed behavioral differences
between age groups. These findings are in line with previous
research indicating that working memory does not appear to account
for the unique variance in older adults’ inability to override habitual,
automatic responding (de Wit et al., 2014; Eppinger et al., 2013).
Interestingly, while we expected younger adults to perform more

accurately than older adults on incongruent test trials, this was only
the case for Go trials where, during training, no response was
required, but a response was now required for the test phase. In
contrast, both age groups performed similarly (and more accurately)
on incongruent NoGo test trials where they had to inhibit the
previously learned Go response. For older adults, this confounds
previous inhibition research suggesting a reduced ability to suppress
S–R interference in responses during Go/NoGo tasks in aging (Rey-
Mermet & Gade, 2018), which would instead support decreased
accuracy on incongruent NoGo trials than incongruent Go trials.
Possible explanations for this are older adults decreased knowledge
of S–O associations and impaired learning or time pressure. For
instance, if older adults were unsure of the required response due to
reduced S–O knowledge, they may have preferred not responding.
In fact, during training, older adults did not respond on 48% of trials,
whereas, during testing, nonresponses increased to 56% of trials.
Therefore, favored NoGo responses would be incorrectly catego-
rized as accurate on NoGo trials which did not require a response.
This complicates the interpretation of accuracy on NoGo trials and
implicates knowledge of S–O associations as an additional factor
contributing to older adults’ decreased ability to update responses
when outcome values change. Even though older adults demon-
strated an ability to learn the S–O associations, younger adults
had significantly more S–O knowledge at the end of training.
Furthermore, older adults’ S–O knowledge at the end of training was
significantly correlated to their test performance on NoGo test trials
during the long response window condition, suggesting that those
with lower S–O knowledge were less able to update nonresponses
on incongruent test trials, even when given more time to respond.
Additionally, during training, older adults’ accuracy on Go trials
started lower and took longer to improve. As such, this slower
learning of S–O associations may contribute to the increased time
taken for older adults to learn Go responses, rather than being fully
explained by a failure to flexibly change their habit. Previous

research has also proposed that impaired functioning in cognitive
areas such as memory and processing speed (Ghisletta et al., 2010;
Kennedy et al., 2008) can detrimentally impact skill learning and
contribute to a reliance onmodel-free decisionmaking, a computational
model which represents habitual behavior (Daw et al., 2005; Doya,
1999; Worthy et al., 2011). Additionally, increased repetition of the
task by the test phase may have increased recollection errors, which are
already vulnerable to age-related differences, for older adults (Jacoby,
1999). However, older adults still demonstrated 80% accuracy
on the final S–O knowledge test so impaired knowledge of the
associations is unlikely to account entirely for the group differences
in test performance. Additionally, the increased response windows
for older adults may still have been insufficient for older adults who
had not made a decision on whether to respond or not prior to the
end of the response window.

Mood and well-being may also play a role in the disrupted balance
between goal-directed and habitual behavior considering there were
significant differences in measures of depression, anxiety, and stress
between younger and older adults. Correlation analyses demonstrated
that for younger adults, higher scores on the DASS depression
subscale were positively correlated with higher performance onNoGo
trials in the long response window. A common attribute of depression
is symptoms of apathy, associated with reduced motivation and goal-
directed activity (American Psychiatric Association, 2022). This
may explain the positive association observed between depression
symptomatology and NoGo trials which do not require a response.
For older adults, the DASS stress and depression subscales were
positively correlated with performance on Go test trials during the
long response window condition. However, younger adults demon-
strated significantly higher levels of depression and anxiety on the
DASS compared to older adults, yet performed better than older adults
on the SORT, suggesting that mood is unlikely to have a strong impact
on the results.

The current findings of reduced flexible, goal-directed behavior in
aging are also consistent with neuroscientific evidence for structural
and functional brain changes associated with healthy aging (de Wit
et al., 2014; Eppinger et al., 2013; Gross & Grossman, 2010; Kirova
et al., 2015; Ridderinkhof & Krugers, 2022). Neuroimaging studies
have demonstrated that the ventromedial prefrontal cortex (vmPFC)
is a key brain region contributing to goal-directed action control
(O’Doherty, 2011). Specifically, connectivity between the caudate
and vmPFC appear engaged in goal-directed behaviors (de Wit et
al., 2009; Tanaka et al., 2008). These brain regions involved in goal-
directed control also overlap with those implicated in behaviors
related to cognitive flexibility including attention (e.g., Niendam et
al., 2012; Schmitz et al., 2006), working memory (e.g., Moscovitch &
Winocur, 2002; Thomason et al., 2009), and inhibitory control (e.g.,
Aron et al., 2014; Chatham et al., 2012; Sebastian et al., 2016). On
the other hand, habitual behavior is thought to be supported by
differing brain regions such as the lateral striatum (including the
putamen), the premotor cortex, and cerebellum (Tricomi et al., 2009;
Valentin et al., 2007; Watson & de Wit, 2018). Additionally,
connectivity between the posterior putamen and premotor cortex
appears to support habitual responses (deWit et al., 2009; O’Doherty,
2011; Tricomi et al., 2009). While the neurobiological substrates
implicated in cognitive flexibility and goal-directed and habitual
behaviors have been identified and explored for younger adults,
they have not been investigated among an older population using
the SORT. Frontal and temporal cortices appear most affected by
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the aging process, whereas the primary sensory cortices are largely
preserved (Coxon et al., 2016; Hu et al., 2018; Lee & Hsieh, 2017).
For instance, neuroimaging studies of older adults have found age-
related deterioration of the vmPFC, impairing knowledge of action–
outcome contingencies (Denburg et al., 2007; Grieve et al., 2007;
O’Callaghan et al., 2019). This would suggest that older adult’s
ability to behave habitually will be more assertive in comparison
to goal-directed control. Therefore, changes in the brain associated
with healthy aging may contribute to older adults’ disrupted dual-
system balance to cognitively shift between goal-directed and
habitual behaviors.
Despite the strengths of this study, there are also certain limitations.

For instance, significant age-related differences in knowledge of the
S–O associations during the SORTmake it hard to discern the impact
that reduced learning had on the observed differences. It would be
beneficial to conduct further research with older adults and the
SORT, making modifications to improve their knowledge of S–O
associations, such as increasing the amount of training. Additionally,
differences in learning strategies (e.g., model-based vs. model-free
reinforcement learning) between age groups may also impact
performance on the SORT test phase and should be considered.
Impaired ability to shift from habitual to goal-directed responding in
aging may also be related to other cognitive functions known to
decline with aging not explored in this study such as attention
(Cepeda et al., 2013; Staub et al., 2013; Verhaeghen & Cerella,
2002). Additionally, it may be the case that even though older adults
were given 300 ms longer than younger adults, the response window
was still too short for older adults to exercise goal-directed control
through evaluation of stimulus’ outcome desirability as time pressure
appears to promote familiarity or habitual responding, whereas
relaxed response periods recollection and goal-directed behaviors
(Hardwick et al., 2019; Hay & Jacoby, 1996). It should also be
acknowledged that participants were highly educated with minimal
ethnic diversity, limiting the representativeness and generalizability
of these findings to a broader demographic. This may also explain
why there were no significant differences on cognitive variables,
such as memory, between age groups that are typically observed.
Additional research with a broader population is recommended to
investigate how these factors may influence behavior.

Conclusion

Overall, there may be age-related differences in goal-directed and
habitual behavior. While younger adults appear able to cognitively
shift between these two behaviors when given a longer response
window, older adults demonstrate a disrupted dual-system balance,
at times relying on habitual behavior over goal-directed behavior
when outcome values change. These results align with previous
findings demonstrating impaired goal-directed behaviors with aging,
which, in turn, promotes automatic, habitual behaviors (deWit et al.,
2014). Our findings suggest that, while there is an age-related decline
in processing speeds and working memory (theoretically), these
factors do not appear to wholly explain this imbalance. Instead,
reduced cognitive flexibility appears to be an additional driver.
The current findings warrant further research into their practical

implications for healthy aging. Goal-directed behavior plays an
important role in day-to-day living, and our findings suggest challenges
for older adults in breaking automatic habits to flexibly adapt behavior
when goals change. On the other hand, we have demonstrated a

maintained ability to respond habitually, presenting the opportunity
to promote the conversion of everyday activities into automatic,
routine habits that support healthy aging. For instance, habit
strength and automatic behaviors appear to play a role in numerous
healthy lifestyle behaviors, including medication adherence (Alison
Phillips et al., 2013; Badawy et al., 2020; van de Vijver et al., 2023),
physical activity (Andrews et al., 2022; Fleig et al., 2016; Kaushal et
al., 2021), and healthy eating (Helldán et al., 2012), in addition
to supporting improved quality of life and mental well-being for
older adults (Brinkhof et al., 2024). Furthermore, habitual behavior
requires relatively little cognitive effort (Hardwick et al., 2019;
Luque et al., 2020; Schwabe & Wolf, 2009) compared to goal-
directed behavior, which may be of benefit as older adults
experience the cognitive declines associated with healthy aging.
However, it also has implications to understanding how unhealthy
habits or behaviors can be modified to support older adults in
reducing behaviors which negatively influence their health, such as
smoking or sedentary behaviors (Livingston et al., 2024).

Recent studies have started to explore habit-based interventions
of behavior change in older adults, providing promising results
on autonomy and independent functioning to support healthy aging
(Brinkhof et al., 2023). We emphasize the importance of future
research further exploring goal-directed and habitual behaviors in
aging to provide additional guidance on effective behavioral change
interventions that address automatic, habitual routines for older
adults to help support healthy aging.
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