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Boosting behavioral adaptability to enhance
older adults'mental health/well-being

and quality of life using a habit-based
metacognitive self-help intervention

Lotte P. Brinkhof'**", K. Richard Ridderinkhof'?3, Jaap.M. J. Murre'%?, Harm J. Krugers>>* and Sanne de Wit'*?

Abstract

Background Behavioral adaptability (i.e, the adaptive changes in behavior in accordance with internal or external
demands) comprises an integral element of resilience. In later life, behavioral adaptability may be achieved through
harnessing relatively intact habitual processes. Hence, we developed a habit-based meta-cognitive self-help
intervention (MCSI) that aims to promote behavioral adaptability by supporting effective and independent striving for
personal goals through the gradual automatization of regular, efficient routines.

Methods This MCSI contains two goal-oriented components — goal-setting and goal enactment — and four
metacognitive habit-based components, including psycho-education on habits and planning, monitoring of behavior
change opportunities, if-then (implementation intention) planning, and if-then plan evaluation. In the present study,
we compared a strategy group (following the entire MCSI, n = 49) to a control group (following a version of the
intervention that omitted the metacognitive habit-based components, n = 52) of individuals aged 65 or above. A
training phase, where participants practiced applying intervention components to a shared goal (daily walking), was
followed by a test phase, in which participants independently applied goal-oriented and/or metacognitive habit
strategies to a personal daily habit (e.g,, balance exercises, eating fruit, reading, chores).

Results We found that both groups achieved high frequencies of their target behaviors and showed favorable
improvements in mental well-being, quality of life and various other outcome variables. Moreover, the metacognitive
habit-based components of the MCSI offered meaningful additional benefits, including greater regularity in the
timing of the behaviors, stronger routine formation (during training), stronger improvements in quality of life, self-
management abilities and lifestyle satisfaction, and reductions in apathy. Interestingly, benefits were particularly
evident for individuals with poorer mental health (i.e., higher levels of depression, apathy, and/or loneliness).

Conclusions Altogether, while both groups experienced benefits, the habit-based MCSI seemed to offer a
particularly promising means to empower individuals to adapt their behavior to pursue their goals and remain
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subgroups) are discussed.

Implementation intention

resilient in later life. Limitations and suggestions for future research to determine (long-term) benefits (for specific

Trial registration Pre-registered, partly retrospectively. This study was pre-registered before the major part of

the data was collected, created, and realized. Only a small part of the data of some participants (comprising the
baseline and other pre-intervention measures), and the full dataset of the first few participants, was collected prior to
registration, but it was not accessed yet. See: https://osf.io/5b9xz, but also Brinkhof et al. (2023).

Keywords Behavior change, Quality of life, Mental well-being, Self-help intervention, Older adults, Habit,

Background

The world’s population is aging rapidly, with one in six
people expected to be over 60 by 2030 [1]. To ensure this
large group of individuals can live independently for as
long as possible, and maintain good quality of life and
mental health/well-being, it is crucial to identify strate-
gies that can promote successful aging [2]. This may rely
on finding ways to enhance resilience, i.e., successful
adaptation in the face of challenges [3—6]. In the current
study, we aim to examine the potential of a personalized
behavior change intervention to promote resilience in
later life.

Resilience can be conceptualized as the maintenance
and/or quick recovery of functional ability that enables
mental health/well-being and quality of life despite chal-
lenges or adversity. Despite the considerable focus on
psychological adaptability, the importance of behavioral
adaptability cannot be understated. It refers to adaptive
changes in behavior in accordance with internal or exter-
nal demands [7, 8], which is crucial for navigating many
challenges in later life (e.g., loss of a spouse, retirement,
physical changes). However, aligning behavior with per-
sonal goals is challenging, especially for older individu-
als contending with natural age-related degradation of
prefrontal brain areas that are essential for flexible, goal-
directed action [9-11]. As a result, older individuals
may rely more heavily on relatively intact processes that
govern habitual behaviors and routines [10, 12]. There-
fore, behavioral adaptability in later life may be achieved
through harnessing this reliance on habitual processes
[13, 14].

Capitalizing on insights and tools derived from habit
research, we developed a meta-cognitive, habit-based,
self-help intervention (MCSI) that aims to support effec-
tive and independent striving for personal goals through
the strategic and gradual automatization of regular, effi-
cient routines. Acquiring this skill should help individu-
als navigate (future) changes and challenges in later life.
As such, the MCSI may offer a promising tool for pre-
venting (mental) health problems and promoting mental
well-being and quality of life within the growing older
adult population.

Detailed information about this habit-based interven-
tion, including its theoretical rational and empirical sup-
port, has been published in a separate protocol paper
[15], but the main components will be briefly described
here. Firstly, the MCSI comprises two fundamental goal-
oriented components: goal setting and goal enactment,
including active self-monitoring of behavior. Addition-
ally, it integrates four metacognitive habit-based com-
ponents, namely psycho-education on the role and utility
of habit formation in supporting behavior change, daily
monitoring of opportunities for behavior change, plan-
ning, and plan evaluation, as illustrated in Figure 1. The
most central intervention component is planning. This
entails the formulation of an implementation intention
(IT), which is a specific if-then plan that links a situational
cue (e.g., If I have finished my breakfast.’) with a desired
behavior (e.g., ‘.. then I will go for a walk’). Repeated
enactment of such plans in stable, everyday contexts is
thought to strengthen the association between the cue
and the behavior, supporting the development of stimu-
lus—response habits over time [16]. Indeed, this plan-
ning technique has already been shown to support goal
achievement in older adults across various domains [17—
20]. However, it is unclear whether the use of IIs could
be effectively taught as a metacognitive tool that one can
deploy independently to strive for any self-identified goal,
and thereby tackle a multitude of challenges in different
domains to ultimately support mental health, mental
well-being and quality of life. Finally, the plan evaluation
component is incorporated to achieve flexible strategic
planning. It encourages one to periodically evaluate their
II to ensure it remains in sync with one’s current goals
and (changing) personal circumstances.

The present study aims to assess the effectiveness of
the habit-based MCSI, and particularly the added value
of its habit-based components, in fostering behavioral
adaptability among older adults by comparing a strategy
group to a control group. The strategy group participated
in the entire MCSI; the control group participated in a
limited version of the intervention that only included
the goal-oriented components (i.e., goal setting and
goal enactment). This enabled us to assess the unique
contribution of the habit-based components over the
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Fig. 1 An overview of the components of the metacognitive self-help
intervention (MCSI). This figure is a modified version of Figure 1 of our
protocol paper [15]. Adjustments have been made to clearly illustrate the
distinctions between the strategy and control groups within a single visual
representation. The strategy group follows the complete MCSI, including
the goal-oriented components (i.e, goal setting — including the signing
of a behavioral contract — and goal enactment), as marked in grey, as well
as the four metacognitive habit-based elements (i.e.,, psycho-education,
planning, monitoring, plan evaluation), as marked in navy blue. The con-
trol group only follows the goal-oriented components. In the ‘shared tar-
get'training phase, individuals of both groups also received a motivational
intervention concerning the benefit of walking. Since this behavior/goal
was not initially chosen by the individuals themselves, it was deemed ben-
eficial to provide additional encouragement for its adoption

goal-oriented components, as well as potential working
mechanisms (see e.g., [21]). The study comprised two
phases: training and test. In the training phase, all par-
ticipants concentrated on a 'shared target' behavior of
walking for 15 minutes daily; in the test phase, each indi-
vidual focused on a personal goal selected individually
from varying lifestyle domains (i.e., exercise, sleep, nutri-
tion, focus & relaxation, social, and meaning/purpose).
The reason for incorporating a ‘shared target’ phase was
that it allowed participants to familiarize themselves
with the provided tools and acclimate to all interven-
tion components through firsthand experience, before
independently applying the tools themselves. Moreover,
the training phase enabled us to study the impact of the
metacognitive habit-based components of the MCSI on
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goal-striving and routine formation, as well as relevant
individual differences, without potential noise added by
widely varying personal goals.

At the start of the training phase, all participants
underwent a motivational intervention emphasizing the
benefits of daily walking. They committed to this behav-
ior by signing a contract and put this into practice on
a daily basis during the next three, consecutive (goal-
enactment) weeks. Throughout these weeks, participants
monitored their behavior and progress by communicat-
ing each performance of the behavior through WhatsApp
messages or capturing a photo using an app that auto-
matically sent a timestamp to our server. Furthermore,
participants reported on their perceived automaticity of
performing the target behavior at the end of each week.
In the strategy group, individuals also received psycho-
education on habits and planning, formulated a personal
II to support their goal, and actively engaged in daily
monitoring of mood and new opportunities for behav-
ioral change, and plan evaluation (weekly) during the
goal enactment phase. In the subsequent 'personal target'
test phase, participants followed the same cycle (aligned
with their group) for their newly chosen personal goal
(but note that there was no additional motivation inter-
vention and psycho-education, see Figure 1). To help
participants select a relevant personal goal, individuals
were presented a list of example behaviors that may fit
their personal needs and instructed to focus on a behav-
ior that stands out for them and for which they see room
for improvement. Subsequent goal-setting and planning
steps were expected to be carried out independently,
where guidance was only provided by presenting the
steps to be followed. They were, however, encouraged to
approach these steps in the same manner as learned dur-
ing the training phase. Individuals of the strategy group
were actively encouraged to draw upon insights gleaned
from the monitoring during the training phase.

As pre-registered on the Open Science Framework
(https://osf.io/5b9xz) and described in detail in our prot
ocol paper [15], our study had three main aims (note that
analyses of additional aim 4 are not reported here). The
central and primary aim was to assess the effectiveness of
the MSCI, in terms of increased behavioral adaptability
(aim 1a), and (consequently) enhanced mental well-being
and quality of life, and reduced depressive symptom-
atology, loneliness and apathy (aim 1b). We assume that
those who become more equipped to adjust their behav-
ior in accordance with personal goals and challenges, will
become more resilient, and (thus) report more favorable
increases of these outcome variables [6, 22, 23].

Concerning aim 1la, we hypothesized that the strategy
group would show higher frequency, temporal regularity,
and automaticity [24] of the target behavior during both
the training and test phase, reflecting greater behavioral
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adaptability. Additionally, we expected the strategy group
to show larger increases in self-efficacy, self-management
ability, the tendency to engage in if—then planning and
lifestyle satisfaction.

Concerning aim 1b, we expected the strategy group to
demonstrate more beneficial intervention effects (after
the test phase) than the control group, evidenced by a
greater reduction in depressive symptomatology, lone-
liness, and apathy, and a larger increase in mental well-
being and quality of life. To uncover potential working
mechanisms of the MCSI, we also quantified the extent
to which potential beneficial effects could be explained
by improvements in various aspects of behavioral
adaptability.

In addition, we examined whether high levels of depres-
sive symptomatology, loneliness, and apathy (assessed
prior to the intervention) moderate the effectiveness of
the MCSI (aim 2). While a previous meta-analysis sug-
gested that the effects of IIs are more pronounced in indi-
viduals with underlying mental health problems than for
non-clinical samples [25, 26], little is known about the
impact of prior mental health on a comprehensive inter-
vention like the MCSI. Hence, moderation patterns were
explored without strong a priori hypotheses.

Similarly, we aimed to explore the impact of individu-
als’ working memory capacity on the effectiveness of the
MCSI (aim 3), by testing two competing hypotheses: (1)
that the MCSI would be more effective in facilitating
behavioral adaptability (an important characteristic of
resilience) in favor of mental well-being, quality of life,
depression, loneliness and apathy for those with high
working memory capacity, aligning with the notion that
(some level of) working memory is essential for such a
self-help strategy to be effective [27, 28], and (2) that the
MCSI would be more effective for those with low work-
ing memory capacity, supporting the idea that it can
function as a compensatory strategy [26].

Methods

The study was approved by the local Ethics Review Board
of The Faculty of Social and Behavioral Sciences of the
University of Amsterdam and complied with relevant
laws and institutional guidelines (2022-DP-14451).

Participants

Participants were recruited from a larger pool of individ-
uals involved with an online research project on success-
ful aging and resilience in the Netherlands (i.e., Senioren
Doen Mee project). A total of 119 participants enrolled
in the present study at different timings relative to their
previous participation in the Senioren Doen Mee proj-
ect: within 12 months after completing the main inven-
tory and subpackage A (i.e., type A participants), within
30 days after completing the main inventory (i.e., type
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B participants), or after completing the main inventory
more than 30 days ago (i.e., type C participants; also see
Figure 2). All participants were 65 year or older and pro-
vided informed consent for the collection and use of their
data. Participants were assigned to the control or strat-
egy group based on the order in which they enrolled in
the study, using an alternating sequence. In response to
(early) drop-out and to maintain equal group sizes, this
sequence was occasionally adjusted. A total of N = 105
participants (age M = 70.9, SD = 4.70) completed the
entire intervention (see Figure 3). However, some par-
ticipants (n = 4) had to be excluded due to insufficient
datasets (e.g., no active engagement, no data provided
in the test phase). In total, 52 participants from the con-
trol group and 49 participants from the strategy group
were included in the analyses, with np .4 = 16, Dpyep =
4, nyyec = 81. This meets the minimum required sam-
ple size per group as determined by an a priori power
analysis (1 — B = 0.80, a = 0.05, and effect size f = 0.25,
indicating a medium effect) for a mixed ANOVA (see
protocol paper for details). For the analyses pertaining
to the training phase, another subset of participants (n
= 20) was excluded (see Figure 3). These individuals did
not participate actively (n = 2) or already walked 7 days a
week (7 = 18). As these individuals completed all steps of
the training phase, and therefore gained experience with
the provided tools, they were retained for the analysis of
the test phase.

The included 101 participants scored above average
on intelligence scores. Participants’ average crystallized
intelligence (or IQ) was 115.2 (SD = 7.50; Dutch Reading
Test for Adults; [29]). The average Wechsler Adult Intel-
ligence Scale (WAIS)-III Matrix Reasoning (MR) score
was also relatively high [30, 31]. These and other sample
characteristics are summarized in Table 1. Importantly,
no differences between intervention groups were found
at baseline, and baseline characteristics were similar for
all types of participants, except for the if-then planning
scale.

Materials, protocol, and analyses

A detailed and complete description of the materi-
als, protocol and planned analyses can be found in our
protocol paper [15]. Adherence to the protocols was
maintained, and in instances where deviations from
the pre-registered and originally planned protocol were
deemed necessary or highly opportune, explicit justifica-
tion for such departures are provided and substantiated.

Results

The results section starts with the results pertaining
to behavioral adaptability, focusing on the frequency,
automatization and temporal regularity of the tar-
get behaviors (aim 1la). Relevant exploratory post-hoc



Brinkhof et al. BMC Psychology

(2025) 13:1357

Page 5 of 21

) 1-12 months ) 1 day . 3 weeks
Baseline A S on 1 Training
TYPE A participants: Before start of session: Daily

+ Inclination to engage in if-then planning: ITPS (1)
+ Concientiousness: NEO-FFI-Consc

+ Lifestyle regularity: SRM-5 adapted

+ Prospective memory: MPMI-s

) 1-30 days
Baseline B

+ Mental well-being: WEMWBS (1) - not B
+ Quality of life: WHOQOL-OLD (1) - not B
+ Loneliness: LS (1) - not B

+ Depression: GDS-15 (1)

+ Apathy: AES-S (1)

+ Psychological distress: K10 (1)

+ Rate prior major life events (1)

—

TYPE B participants:

+ Mental well-being: WEMWBS (1)

+ Quality of life: WHOQOL-OLD (1)

+ Loneliness: LS (1)

+ Self-management ability: SMAS-18 (1)
+ Self-efficacy: GSES (1)

Baseline C
Mo

TYPE C participants:
X

+ Daily hassle exposure (1)

+ Lifestyle satisfaction: LSQ (1)

+ Self-efficacy: GSES (1) - not B

+ Self-management ability: SMAS-18 (1) - not B

+ Positive Appraisal Style: PASSc & PASSp

+ Working Memory: O-SPAN

+ Inclination to engage in if-then planning: ITPS (1) - not A
+ Concientiousness: NEO-FFI-Consc - not A

+ Lifestyle regularity: SRM-5 adapted - not A

+ Prospective memory: MPMI-s - not A

After goal setting/planning
+ Current walking behavior and satisfaction
+ Goal motivation (incl. intention; 1), self-efficacy

+ Lifestyle satisfaction: LSQ-short (1 - 21)
+ Subjective well-being (1 - 21)
- Affective component: Multidimensional Mood
Questionnaire
- Cognitive component: Life satisfaction
+ Daily hassles and uplifts exposure (1 - 21)
+ New major life events exposure (1 - 21)
+ Tipping point: Tipping Point Index (1 - 21)

Weekly (day 1% 7, 14, and 21)

+ Photo forgotten (1 - 21)

+ Perceived automaticity walking : SRBAI (1 - 4)

+ Goal intention, attitude, experienced reward
walking (2 - 5)

+ Perceived plan effectiveness walking (1 - 4)

+ Rate prior and new major life events (2 - 4)*

+ Psychological distress: K10 (2 - 4)*

+ Daily hassle exposure (2 - 4)*

Strategy group only
Control group only

and expected reward walking Both
+ Secondary goal (1)
| 1 day 3 weeks
Session 2 Test Session 3
N— Mo—
Before goal setting/planning Daily + Mental well-being: WEMWBS (2)

+ Lifestyle satisfaction: LSQ (2)

+ Walking if not home

+ Secondary goal (2)

+ Future of daily walking

+ Habit experience

+ Experiences with daily questionnaire

After goal setting/planning

+ Current chosen behavior and satisfaction

+ Goal motivation (incl. intention; 1), self-efficacy
and expected reward walking

+ Secondary goal (1)

+ Lifestyle satisfaction: LSQ-short (1 - 21)

+ Subjective well-being (1 - 21)
- Affective component: Multidimensional Mood Questionnaire
- Cognitive component: Life satisfaction

+ Daily hassles and uplifts exposure (1 - 21)

+ New major life events exposure (1 - 21)

+ Tipping point: Tipping Point Index (1 - 21)

Weekly (day 1% 7, 14, and 21)

+ Photo forgotten (1 - 21)

+ Perceived automaticity walking : SRBAI (1 - 4)

+ Goal intention, attitude, experienced reward walking (2 - 5)
+ Perceived plan effectiveness walking (1 - 4)

+ Rate prior and new major life events (2 - 4)*

+ Psychological distress: K6 (2 - 4)*

+ Daily hassle exposure (2 - 4)*

+ Quality of life: WHOQOL-OLD (2)

+ Depression: GDS-15 (2)

+ Loneliness: LS (2)

+ Apathy: AES-S (2)

+ Inclination to engage in if-then planning: ITPS (2)
+ Lifestyle satisfaction: LSQ (3)

+ Self-efficacy: GSES (2)

+ Self-management ability: SMAS-18 (2)

+ Chosen behavior if not home
+ Secondary goal (2)

+ Future of chosen behavior

+ Habit experience

+ Spontaneous planning

+ Current walking behavior

+ Experiences and future use

*Not included on day 1

Fig.2 Overview of questionnaires prior and during sessions/phases of the study. This figure is reproduced from Figure 2 of our protocol paper [15]. Num-
bers in parentheses correspond to their respective assessment instance, starting from (1) for the first time, (2) to the second time, etc. For Type A and Type
B participants, baseline data is derived from earlier studies within the Senioren Doen Mee-project. Details on the materials can be found in Supplement

A of the protocol paper [15]

Participants recruited:

62 control, 57 MCS

53 control, 52 MCS

52 control, 49 MCS

41 control, 40 MCS

Participants dropped out during intervention (n = 14),

e.g., no active participation,

or decided they were not a fit for the program

| o No(reliable) data

in the test phase (n = 4)

nTypeA = 16’ nTypeB = 4’ nTypeC =81

Excluded from training
phase (n=20)

Did not participate

actively

due to external circumstances (n=2)

Already walked Focused on
— > T7daysaweek T ™ anextrawalk
(n=18) (n=5)

Fig. 3 Data-inclusion flow. The grey-shaded area specifically zooms in on the training phase and outlines the reasons why some participants had to be

excluded for the analyses pertaining to this phase
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Table 1 Sample characteristics and baseline measures

Scale All Control Strategy
Sample characteristics N=101 n=>52 n=49
Age: M (SD)? 70.7 (4.64) 704 (460) 71.1(4.70)
Gender: % female 69 69 69
Education: % high* 88 84 91
Baseline measures M (SD), median
Inclinationtoengage 8-56 385(808) 383(7.83) 387(842)
in if-then planning?
subsample with clear  8-56  38.7(821)  38.7(7.75) 386(8.74)
goal
Lifestyle regularity 0-14 114(.06), 113(238), 116
11.7 11.7 (1.67),
12.0
Conscientiousness® 12 454 (5.65) 448(5.79) 46.0(548)
-60
Prospective memory? 8-48  344(3.96) 34.1(398) 34.7(3.97)
Working memory 0-1 0.70(0.17) 0.72(0.18) 0.68(0.16)
(O-SPAN)?
WAIS-IV MR raw? 0-26 145 (4.63) 145 (5.01) 14.5(4.26)
WAIS-IV MR norm? 1-19  106(2.76) 10.5(295) 106(257)
NLV2 0-100 92.6(5.78), 92.1(6.04), 93.1
94.0 94.0 (5.51),
94.0
NLV norm?® 66— 1152 (7.50) 114.7 115.8
130 (7.68) (7.35)
Selffefﬁcacyb 10-40 31.8(440) 314(455 323422
Self-management 0-100 66.8(9.99) 67.2(9.71) 66.5(104)
ability?
Lifestyle satisfaction ~ 0-10 696 (1.12)  6.98(1.18) 6.93(1.07)
Mental well-being® 14-70 538(6.13) 53.6(6.36) 54.0(5.93)
Quality of life® 24— 928(7.68)  933(833) 923(6.95)
120
Depression 0-15 1.82(2.23), 1.60(2.00), 206
1.00 1.00 (2.44),
1.00
Loneliness® 0-11  3.14(3.34), 286(348), 345
2.00 1.00 (3.18),
3.00
Apathy 0-54  950(6.16), 9.03(5.58), 9.98
9.00 8.50 (6.73),
9.00

Per default, only the mean (M) and standard deviation (SD) are given. In case
the baseline measure follows a skewed distribution, the median is also shown.
Two sample t-tests (and Wilcoxon tests if appropriate) confirmed that none of
the baseline measures were different across groups, all p’s >.05. For the if-then
planning scale, some individuals indicated they did not have a clear goal in
mind while completing the questionnaire. Descriptives are also calculated for
the subsample who did have a clear goal in mind (n = 91). Multiple exploratory
ANOVAs (and Kruskal-Wallis tests if appropriate) were performed to determine
whether any baseline differences were present among the different types of
participants. Only for the if-then planning scale, we found a significant higher
average for Type A versus Type B and C participants. This shows that individuals
who completed the if-then planning scale before being informed about the
(prospect of) this intervention study reported higher inclinations to engage in
if-then planning

O-SPAN the Operation Span test, WAIS-IV Wechsler Adult Intelligence Scale-IV,
NLV Nederlandse Leestest voor Volwassenen (Dutch Reading Ability Test)

“Data of one participant is missing
bData of three participants is missing

CAccording to the Dutch Verhage [32] scale, categories 6 and 7 reflect a high
education level
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analyses related to this aim are also discussed. Next, it
outlines the findings related to quality of life, mental well-
being and mental health (aim 1b). Finally, exploratory
analyses on the moderating effects of prior mental health
status (aim 2) are reported. Exploratory findings related
to the moderating role of working memory capacity (aim
3) are reported in Supplement A, along with outcomes of
an exploratory (unplanned) post-hoc analysis examining
the moderating role of baseline levels of conscientious-
ness, lifestyle regularity and prospective memory [33].

Behavioral adaptability (aim 1a)

The assumption of normality and homoscedasticity were
met. Greenhouse-Geisser corrections were applied to the
within-subject factors when appropriate.

Planned analyses

Preview To briefly summarize the main results, the fre-
quency of performing both target behaviors increased and
remained relatively stable over time, with no discernible
differences observed between the control and strategy
groups. The perceived automaticity of the target behav-
iors increased in both groups, with overall higher scores
for the strategy group in the ‘shared target’ training phase
but not the ‘personal target’ test phase. The temporal reg-
ularity of the target behavior was notably higher for par-
ticipants in the strategy group across both phases.

Training phase As stated previously, a total of 20 par-
ticipants was not included in the analyses of the training
phase. Due to the unforeseen reduction in sample size
(and therefore power) for the training phase, we did not
apply alpha correction for main and interaction effects.
However, analyses of changes in frequency and auto-
maticity for the test phase, as well as contrasts for both
phases, were Bonferroni corrected. The remaining 81
participants walked on average 2.68 (control, SD = 2.02)
and 3.05 (strategy, SD = 1.71) days per week prior to the
training phase, £(79) = —-0.88, p =.380, d = -0.20. The satis-
faction with this walking frequency varied widely among
individuals, from 0 (unsatisfied) to 10 (satisfied), with sim-
ilar averages of 6.10 (SD = 3.26) and 6.26 (SD = 2.54) for
the control and strategy group, respectively, £(78) = —0.24,
p =.809, d = —-0.05. Motivation to improve one’s walking
frequency was high in both groups (control: M = 6.61,
SD = 0.47; strategy: M = 6.46, SD = 1.00), £(79) = 0.88, p
=.380, d = 0.20, except for one participant from the strat-
egy group (average goal motivation of 1.13, with a current
walking frequency of 3). Interestingly, in total, 18 out of 38
participants from the strategy group indicated they had
formed their II in such a way that it could help them to
break undesired patterns of behaviors as well.
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Frequency As expected, there was a sharp increase in
walking frequency during the first week for both groups,
as evidenced by a significant main effect of days, F(2.07,
163.2) = 144.7, p <.001, ’7p2 = 0.65, and nonsignificant
main effect of group, F(1,79) = 0.49, p =.493, 17p2 =0.01, or
interaction effect, F(2.07, 163.2) = 0.67, p =.517, 17P2 =0.01
(see Figure 4a). Surprisingly, this heightened frequency
remained consistent throughout the entirety of the train-
ing phase for both groups (all contrast p >0.05). On aver-
age, participants maintained a weekly training frequency
of 6.17 (SD = 1.17) and 6.23 (SD = 1.17), and a total fre-
quency of 18.5 (SD = 2.80) and 18.7 (SD = 2.58), in the
control and strategy group, respectively.

Automaticity As expected, the average perceived auto-
maticity increased throughout the training phase, F(2.31,
182.5) =10.2, p <.001, 17p2 = 0.11, with overall higher scores
for the strategy group, F(1,79) = 4.95, p = 0.029, 17p2 =0.06
(Figure 4b). No interaction was observed, F(2.31, 182.5)
=172, p =177, ;7p2 = 0.02. Accordingly, while no differ-
ences in perceived automaticity between the two groups
were observed at day 1, £(79) = -0.93, p =.352, d = -0.21,
individuals from the strategy group displayed, on average,
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a greater level of perceived automaticity on day 21, £(79)
=-2.23, p =.029, d = -0.50 (control: M = 39.1, SD = 28.5;
strategy: M = 52.3, SD = 24.8).

When assessing the perceived automaticity (as assessed
with the self-reported automaticity index (SRBAI) [24])
trajectories of all participants throughout the training
phase, substantial variations emerged. Some individuals
exhibited a linear improvement, while others displayed
an exponential growth pattern. Additionally, certain par-
ticipants demonstrated fluctuating scores, a decline in
performance, or no discernible change whatsoever. For
descriptive purposes, we categorized individuals based
on their change score (day 21 minus day 1). In the strat-
egy group, 23 out of 40 participants exhibited a positive
difference score (>10), contrasting with 15 out of 41 in
the control group. Conversely, 9 participants in the strat-
egy group and 7 in the control group displayed a nega-
tive difference score (< —10). Intriguingly, the majority of
control group participants (n = 19 versus only n = 8 for
strategy) had a difference score so marginal that it could
be considered negligible (falling within the range of —10
to 10).
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Fig.4 Behavioral adaptability outcomes. Panel (a), (b), and (c) depict findings of the training phase, with N =81 (40 control, 41 strategy). Panel (d), (e), and
(f) depict findings of the test phase (N = 101). As one participant misses perceived automaticity (i.e., self-reported behavioral automaticity index, SRBAI)
data on day 1, panel (e) is based on the remaining 100 participants. Strategy group: yellow; control group: grey. Temporal regularity, as reflected in the
standard deviation (SD) of time, is included as mediator in (c) and (f). A low SD of time is indicative of higher temporal regularity. Contrasts are Bonferroni

corrected. *p <.05, **p <01, **p <001
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In line with the idea that if-then planning creates habits
that are reliably triggered in a recurring daily situation,
we observed significantly higher regularity of the daily
walk in the strategy group relative to the control group
(control: M = 0.12, SD = 0.04; MCS: M = 0.07, SD = 0.03;
Figure 4c), B = -0.05, SE = 0.01, p <.001, 95% CI [-0.06,
-0.03]. The planned mediation analyses revealed that,
on average, there was no significant difference in SRBAI
difference scores, B = 10.1, SE = 6.74, p = 0.137, 95% CI
[-3.28, 23.5], and that regularity did not meaningfully
predict individuals’ SRBAI difference score either, B =
43.8, SE = 82.3, p =.596, 95% CI [-120.1, 207.7]. Conse-
quently, no total (95% CI [-2.76, 18.8]), direct (95% CI
[-3.28, 23.5]) nor indirect effect (95% CI [-8.41, 4.66])
was observed in the analysis. We also explored the same
patterns if we would include the final SRBAI score (at day
21) as outcome variable. While this analysis did reveal
a significant total effect, B = 13.2, SE = 5.93, p = 0.029.
95% CI [1.41, 25.0], there was still no significant direct
(95% CI [-2.26, 27.2]) nor indirect effect (95% CI [-8.79,
10.5]), suggesting that if there are any mediating effects,
these are too small to detect.

Test phase For one participant from the strategy group,
we did not have reliable data on the baseline frequency
of the chosen target behavior. This participant was only
removed from the analyses where the baseline frequency
was included.

Participants selected diverse target behaviors. The
majority of individuals chose a target behavior related
to exercise/physical activity (n = 27) or focus (e.g., read-
ing, learning, writing, reflecting; n = 27). In addition, a
large group of individuals selected a behavior related to
nutrition/a healthier diet (e.g., eating more fruit/veg-
etables or drinking more water; n = 19), or relaxation
(e.g., meditation; n = 19). The remaining 9 participants
selected a behavior related to sleep (e.g., getting out of
bed immediately or going to bed early; n = 5) or chores
(e.g., cleaning the house; 1 = 4).

Participants performed their chosen target behavior on
average 0.96 (control, SD = 1.31) and 1.46 (strategy, SD =
1.76) days per week prior to the test phase, £(98) = -1.61,
p =113, d = -0.32. The average satisfaction with this fre-
quency was 2.54 (SD = 2.32) and 2.88 (SD = 2.63) for the
control and strategy group, respectively, £(98) = -0.68, p
=499, d = —0.14. Motivation to improve the frequency of
performing this target behavior was high in both groups
(control: M = 6.38, SD = 0.96; strategy: M = 6.56, SD =
0.49), t(98) = -1.13, p =262, d = -0.23, except for one
participant from the control group (average goal motiva-
tion of 1, with a current frequency of 0).

In the strategy group, 48 out of 49 participants formu-
lated a correct II, specifying a clear target behavior and
an appropriate cue. 28 participants indicated they had
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formed their II in such a way that it could help them to
break undesired patterns of behaviors as well. The aver-
age motivation to use the formulated II was high (M =
6.72, SD = 0.48). By the end of the test phase on day 21,
42 participants still adhered to a correctly formulated II
(including the one participant that did not specify a cue at
the beginning). To recap, the MCSI included a plan eval-
uation component, where participants were prompted to
modify the cue in their plan if it was no longer appropri-
ate or did not fit into their daily schedule. Indeed, a total
of 12 participants opted to alter their plan at least once,
with 7 executing a correct change and 5 modifying it in
a way that their II no longer included a cue (incorrect
change). Additionally, two participants did not explicitly
revise their II but failed to mention their cue on day 21
when asked to reiterate their II.

Frequency In line with the findings observed in the train-
ing phase, there was a sharp increase in frequency during
the first week for both groups, as evidenced by a signifi-
cant main effect of days, F(2.3, 227.3) = 376.0, p <.001,
;7p2 =0.79, and nonsignificant main effect of group, F(1,98)
= 3.26, p =.740, 17p2 = 0.03 and interaction term, F(2.32,
227.3) = 0.84, p =.449, 1,2 = 0.01 (Figure 4d). This height-
ened frequency decreased slightly, and subsequently
remained consistent throughout the rest of the test phase
for both groups (all contrast p’s >0.05). On average, par-
ticipants in the control and strategy groups had a weekly
test frequency of 5.88 (SD = 1.38) and 6.12 (SD = 1.18) and
a total frequency of 17.6 (SD = 3.25) and 18.4 (SD = 2.63),
respectively.

Automaticity One participant did not have data for the
first day and was therefore excluded from the automatic-
ity-related analyses. While the average perceived auto-
maticity increased throughout the training phase, F(1.98,
194.1) = 21.2, p <.001, 17p2 = 0.18, we did not observe any
group differences, F(1,98) = 1.05, p =.308, ;7p2 = 0.01, nor
an interaction effect, F(1.98, 194.1) = 0.24, p =.786, 17P2
= 0.00 (Figure 4e). Accordingly, the control and strategy
group displayed similar levels of perceived automaticity
on day 21, £(99) = -0.59, p = 0.559, d = -0.12 (control: M =
41.1, SD = 25.6; strategy: M = 44.3, SD = 29.6).

When assessing the perceived automaticity trajectories
of all participants throughout the test phase, we observed
similar interindividual variability as in the training phase.
Surprisingly, out of the control group, only 28 out of 52
participants exhibited a positive difference score (day 21
minus day 1; >10), contrasting with 23 out of 49 in the
strategy group. Moreover, 4 participants in the control
group and 8 in the strategy group displayed a negative
difference score (< -10). Intriguingly, a relatively high
number of participants from both groups had a difference
score so marginal that it could be considered negligible
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(falling within the range of —10 to 10; control: n = 20 ver-
sus 18 for strategy).

Finally, similar to the results obtained in the training
phase, we found higher regularity of the target behavior
in the strategy group (control: M = 0.15, SD = 0.08; MCS:
M = 0.06, SD = 0.05; Figure 4f), B = -0.09, SE = 0.0, p
<.001, 95% CI [-0.11, —0.06], but this did not meaning-
fully predict individuals’ SRBAI difference score either,
B = -28.3, SE = 39.7, p =.478, 95% CI [-107.2, 50.5]. On
average, there was no significant difference in SRBAI dif-
ference scores during the test phase between interven-
tion groups, B = —-4.01, SE = 6.20, p =.520. 95% CI [-16.3,
8.30]. Moreover, no total (95% CI [-11.8, 8.66]), direct
(95% CI [-16.3, 8.30] nor indirect effect (95% CI [-4.26,
11.42]) was observed. Interestingly, when comparing the
regularity of the behaviors of the training and test phase,
we found an interesting subgroup dependent pattern, M
group: F(1,79) = 68.8, p <.001, 57, = 0.47, M phase: F(1,79)
= 4.29, p =.042, 5, = 0.05, I: F(1,79) = 7.14, p =.009, 1,
= 0.083. On average, the ‘personal’ target behaviors dur-
ing the test phase were performed less regularly than
the ‘shared’ training target of walking, but this irregular-
ity was observed only among control individuals, #(40)
= 2.78, p =.016, d = 0.62, and not in the strategy group,
t(39) = -0.587, p = 1.000, d = —0.12. This pattern also sug-
gests that individuals from the strategy group were able
to perform the different types of behaviors (varying in
complexity) in similar consistency as walking.

Post-hoc analyses

Several exploratory post-hoc analyses were performed.
To preview, we found that a considerable number of indi-
viduals from the control group engaging in spontaneous
if-then planning, and that habit strength (and not per-
ceived automaticity) at the end of the training phase pre-
dicted walking frequencies after the test phase.

The spontaneous use of IIs in the control group Inter-
estingly, a considerable number of participants in the
control group reported having linked their target behav-
ior to an existing routine, in both the training (15 out of
41) and test phase (16 out of 52). This suggests that these
participants spontaneously engaged in if-then planning.
Interestingly, in the training phase, those spontaneous
planners showed consistently higher frequencies, F(1,39)
=6.32, p =.016, 17p2 = 0.14 (main effect group, planners: M
=5.75, 8D = 2.07; non-planners: M = 5.05, SD = 2.05), and
a stronger improvement in perceived automaticity, F(2.02,
101.3) = 3.76, p = 0.026, 17p2 = 0.07 (interaction), than the
non-planners. Accordingly, 14 out of the 15 spontaneous
planners in the training phase reported a positive (1 = 7)
or negligible (n = 7) SRBAI difference score, while only
one spontaneous planner showed a decrease in perceived
automaticity over time. In the test phase, no discernable
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differences in frequencies were observed between spon-
taneous planners and non-planners, F(1,50) = 1.19, p
>.05, 17p2 = 0.02 (main effect group). However, a large ben-
efit for spontaneous planners was observed for perceived
automaticity, as non-planners did not show a convincing
increase at all, F(2.57, 100.3) = 2.84, p = 0.041, 17p2 =0.07
(interaction), all p’s >.05. Accordingly, all 16 spontaneous
planners in the test phase showed a positive n= 12) or
negligible (n = 4) SRBAI difference score, but no negative
difference score. Altogether, these patterns suggest that
spontaneous if-then planning had a beneficial effect on
routine formation in the control group. Whether routine
formation among these spontaneous planners was similar
to the individuals from the strategy group could not be
confirmed due to large sample size differences.

Predicting behavioral persistence As illustrated in our
pre-planned analyses, at the end of the training phase, the
strategy group reported higher levels of perceived auto-
maticity. In addition to this end-assessment, we also asked
individuals to report on their perceived habit strength
(“To what extent is this behavior a habit”) and intention
to continue walking after the training phase. The strategy
group exhibited a greater perceived habit strength (con-
trol: M = 55.9, SD = 28.6; strategy: M = 70.4, SD = 22.8),
1(77) = -2.50, p = 0.025, d = -0.56, and a higher intention
to continue walking (control: M = 5.51, SD = 1.82; strat-
egy: M = 6.20, SD = 0.94), t(79) = -2.13, p = 0.036, d =
-0.47. Despite these outcomes being in favor of the strat-
egy group, the frequency of walking after the test phase
remained comparable to that of the control group (con-
trol: M = 4.34, SD = 2.08, strategy: M = 4.93, SD = 1.54),
1(79) = -1.43, p =156, d = —0.32. These frequencies were
still higher than baseline levels for both groups (p <.001),
albeit lower than the weekly frequencies recorded during
the training phase (p’s <.001; see Figure 4a), F(1,79) = 1.32,
p =255, ’7p2 = 0.02 (main effect group), F(2.89, 228.3) =
100.3, p <.001, ;7P2 = 0.56 (main effect week), F(2.89, 228.3)
= 0.90, p =437, ’7132 = 0.01 (interaction). Interestingly,
however, when evaluating individuals irrespective of their
group, we found that higher levels of perceived automa-
ticity, r = 0.31, p =.006, habit strength, » = 0.57, p <.001,
and intention to sustain one’s walking regimen, r = 0.37,
p <.001, were associated with higher walking frequencies
after the test phase. When considering these factors alto-
gether, only habit strength remained a significant predic-
tor of walking frequency after the test phase, F(1,74) =
19.2, p <.001, 17p2 = 0.22; automaticity: F(1,74) = 3.19, p
=.078, 17,> = 0.04; intention: F(1,74) = 2.47, p = 0.12, 17, =
0.24, group: F(1,74) = 0.15, p =.699, 11p2 = 0.00. While habit
strength and automaticity strongly correlate (r = 0.76, p
<.001), this suggests a stronger predictive value for the
former. Notably, habit strength (assessed using a similar
0-100 visual analog scale as used for perceived automatic-
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ity) was much higher than the average perceived automa-
ticity scores at day 21.

Effects on quality of life, mental well-being, and mental
health (planned, aim 1b)

As shown in Figure 5, both quality of life and mental well-
being improved after the intervention period (see statis-
tics in figure). Interestingly, the improvement in quality
of life was stronger for the strategy group. Furthermore,
levels of depression, apathy, and loneliness decreased
from pre to post intervention. For apathy, this decrease
was stronger among individuals from the strategy group.

(a) (b)
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These findings indicate that the metacognitive habit-
based components of the MCSI had a considerable effect
on our outcomes of interest, resulting in substantially
better outcomes for the strategy than the control group.
Some phase-independent behavioral adaptability vari-
ables of interest also improved over time. Self-manage-
ment ability and lifestyle satisfaction improved in both
groups, yet more strongly so for the strategy group. Self-
efficacy improved similarly in both groups. The incli-
nation to engage in if-then planning did not show any
changes over time.
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Exploratory mediation-analyses with all phase-inde-
pendent variables included as potential mediators, sug-
gested that in the majority of cases no indirect effects
were present (see Table 2). However, self-management
ability seemed to explain some of the subgroup depen-
dent changes in apathy. In case of loneliness, the indirect
effect of self-management ability was also significant,
although the total effect was not present.

In summary, our results suggest a substantial improve-
ment in our outcome variables of interest through the
MCSI. Both the strategy and control group exhibited
favorable changes, but the improvement was more pro-
nounced for quality of life, apathy, self-management
abilities and lifestyle satisfaction in the strategy group.
Surprisingly, we did not uncover compelling evidence
pointing to a specific mechanism that could account for
the subgroup-dependent changes in quality of life and
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apathy, although further exploration of self-management
ability may be worthwhile.

Moderating role of pre-intervention mental health
(planned, aim 2)

Our analyses revealed that pre-intervention mental
health status (i.e., level of loneliness, depression, and
apathy) does not have strong implications for (changes
in) the behavioral adaptability variables, yet some nota-
ble effects were observed. That is, we found a larger
improvement in self-management ability for those with
higher levels of prior loneliness, yet only for those from
the strategy group. This implies that the MSCI may
be particularly beneficial for those with compromised
mental health status prior to the intervention. However,
no such group-dependent patterns were observed for
prior depression and apathy, as well as other behavioral

Table 2 Direct and indirect effects of study group on the outcome variables of interest

B SE 95% CI
Quiality of life Total 2.72*% 1.07 [0.59, 4.86]
Direct 1.99 1.1 [-0.21,4.19]
Indirect (If-then planning) -0.14 022 [~ 0640271
Indirect (Self-management) 033 036 [-0.35,1.11]
Indirect (Self-efficacy) 0.02 0.12 [-0.16,0.33]
Indirect (Lifestyle satisfaction) 0.51 0.55 [-0.03, 2.04]
Mental well-being Total 0.91 094 [-0.96, 2.78]
Direct 0.64 0.97 [-1.29,2.58]
Indirect (If-then planning) -0.31 0.29 [-1.03,0.09]
Indirect (Self-management) 0.30 0.39 [-0.48,1.13]
Indirect (Self-efficacy) 0.02 0.10 [-0.19,0.23]
Indirect (Lifestyle satisfaction) 0.25 0.36 [-0.15,1.18]
Depression Total -0.61 0.30 [-1.21,0.00]
Direct —042 032 [-1.06,0.21]
Indirect (If-then planning) 0.01 0.05 [-0.09, 0.14]
Indirect (Self-management) -0.06 0.08 [-0.23,0.12]
Indirect (Self-efficacy) -0.02 0.05 [-0.16,0.06]
Indirect (Lifestyle satisfaction) -0.11 0.14 [-0.52,0.02]
Apathy Total —2.57%* 0.96 [-4.48,-0.67]
Direct -1.63 0.98 [-3.59,0.32]
Indirect (If-then planning) -0.01 0.16 [-0.42,0.27]
Indirect (Self-management) -0.71 0.40 [-1.58,-0.03]
Indirect (Self-efficacy) 0.02 0.09 [-0.20,0.20]
Indirect (Lifestyle satisfaction) -0.23 032 [-1.09, 0.09]
Loneliness Total -0.81 0.51 [-1.82,0.19]
Direct —-0.05 048 [-1.00,0.90]
Indirect (If-then planning) -0.10 0.10 [-0.30, 0.07]
Indirect (Self-management) -0.42 0.24 [-0.97,-0.06]
Indirect (Self-efficacy) -0.05 0.11 [-0.31,0.12]
Indirect (Lifestyle satisfaction) -0.19 0.18 [-0.67,0.01]

B represents unstandardized regression weights. Square brackets are used to enclose the lower and upper limits of a confidence interval (Cl). Significant findings

are shown in bold
“p <.05

"p <.01

"'p <.001
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adaptability variables of interest. Two surprising patterns
were observed for depression and apathy. In the case of
depression, lower pre-intervention levels were linked to
higher behavioral frequencies in the test phase, irrespec-
tive of the intervention group. Elevated levels of prior
apathy seemed to be associated with stronger improve-
ments in self-efficacy, but only among those from the
control group.

Despite these contradictory results for our behavioral
adaptability variables, prior levels of loneliness, depres-
sion and/or apathy seemed to have a strong and consis-
tent effect on the extent to which individuals from the
strategy group showed improvement in multiple out-
come variables of interest. Generally, those reporting
high levels of loneliness, depression and/or apathy prior
to the training phase, showed the greatest improvement
in quality of life, depression, apathy and loneliness. For
the control group, pre-intervention mental health status
did not seem to affect these outcome variables. No effects
were found for mental well-being (see Table 3).

Discussion

Many older individuals face a notable challenge in flex-
ibly adjusting and aligning their behavior with chang-
ing circumstances and personal goals. Here, we propose
that effectively harnessing relatively intact habitual pro-
cesses, and strategically building new routines, may offer
a pragmatic approach to promoting behavioral adapt-
ability in later life. Using insights and principles from
health and social psychology, as well as clinical psychol-
ogy, we developed a habit-based metacognitive self-help
intervention (MCSI), aimed at facilitating goal striving
through the gradual automatization of regular, efficient
routines. This MCSI comprised both goal-oriented and
metacognitive habit-based components. To test whether
this habit-based MCSI can effectively support behav-
ioral adaptability in favor of mental health/well-being
and quality of life, and determine the added value of the
habit-based components, we compared a strategy group
to an active control group. The strategy group partici-
pated in the entire MCSI, while the control group partici-
pated in a limited version of the intervention excluding
the metacognitive habit-based components. Both groups
participated in a training phase, where participants
focused on the shared target behavior of walking, and a
test phase, where participants focused on a personally
selected target behavior. The protocol of the habit-based
MCS], including the analysis plan, was pre-registered and
published in a separate paper [15].

In brief, we found that our sample of healthy, high-
functioning and motivated older adults was generally
well capable of adopting new behaviors, with both groups
achieving high frequencies of their target behaviors,
which extended even beyond the initial training phase
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for walking (i.e., a shift from 3 to 5 times a week from
baseline to the end of the intervention). Furthermore,
both groups showed favorable improvements in mental
well-being, quality of life and other outcomes variables
of interest. Moreover, the metacognitive habit-based
components of the MCSI offered meaningful additional
benefits, including greater regularity in the timing of
behaviors, stronger routine formation (during training)
and stronger improvements in quality of life, self-man-
agement abilities and lifestyle satisfaction, and reduc-
tions in apathy. These findings suggest that offering the
habit-based MCSI may yield more substantial advan-
tages compared to the goal-oriented intervention alone.
Therefore, our findings suggests that the innovative
approach of offering individuals the tools and strategies
that to gradually automatize regular, efficient routines
and thereby take control of their goals, is a promising
means to empower individuals in later life. In the follow-
ing sections, we will discuss our main findings in more
detail, summarize important limitations and provide rec-
ommendations for various avenues for future studies on
metacognitive habit-based interventions.

Favorable changes in behavior and mental health/well-
being and quality of life

Positive findings across both groups

Foremost, the findings that both groups were success-
ful at implementing new behaviors into their daily rou-
tines, and showed favorable improvements in mental
well-being, quality of life, mental health and various
other relevant outcome variables, are encouraging and
suggest that actively participating in an intervention that
promotes the engagement in (pre-planned) purpose-
ful activities can already lead to meaningful benefits for
older individuals. This aligns with existing literature on
behavioral activation, which suggests that engaging in
activities that connect people to sources of positive rein-
forcement can improve mental health (e.g., alleviating
depressive symptoms, increasing social connectedness
[35-37]). Moreover, the current study emphasizes how
such behavior change interventions may help to promote
successful aging [2].

The fact that both groups achieved high frequencies of
the target behaviors throughout the intervention period
suggests that the shared elements of the interventions —
concrete goal-setting and active self-monitoring during
the goal enactment phase (i.e., tracking progress, signal-
ing when a day was missed, reflecting on perceived auto-
maticity) — were sufficient to achieve short-term behavior
changes in both imposed and self-identified goals, at least
in this healthy, high-functioning and motivated group
of older adults (also see section 4.2). Notably, this aligns
with previous studies showing that formulating spe-
cific goal-intentions and/or active self-monitoring can
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Table 3 Underlying mental health as moderator of the effects of the MCSI

Depression (DEP)

Loneliness (LONE)

Apathy (APA)

SRBAI training
M
|
SRBAI test
M
|
Frequency (Freq) training
M
|
Frequency (Freq) test
M
I
Self-efficacy (SEF)
M
I
Self-management ability (SMA)
M
I
Inclination to engage in if-then planning (ITP)
M
|
Lifestyle satisfaction (LS)
M
I
Quality of life (QoL)

M
|
Mental well-being (MWB)
M
|
Depression (DEP)

M
|
Loneliness (LONE)

M
|
Apathy (APA)

M
|

F(1,77)=025,1,? = 0.00
F(1,77)=1.07,1,> = 001

F(1,96) = 0.00, > = 0.00
F(1,96) = 090, ,> = 0.01

F(1,77)=081,1,>= 0.0
F(1,77) = 006, n,> = 0.00

F(1,74) = 1.64,1,> = 0.02
F(1,74)=142,n,>= 002

F(1,93)=0.11,1,? = 0.00
F(1,93) = 0.72,1,> = 0.00

F(1,74) = 0,03, n,> = 0.00
F(1,74)=148,1,> = 0.02

F(1,77) = 230,1,> = 0.03
F(1,77) =062, n,> = 001

F(1,96) = 0.14,1,> = 0.00
F(1,96) = 053, 1,> = 0.01

F(1,77) =0.74,n,> = 0.01
F(1,77)=0.18,1,> = 0.00

- High DEP <>Low Freq

F(1,97) =9.18**,n,? = 0.09 F(1,94) = 368, 1,> = 0.04

F(1,97) = 046, 1,? = 0.00 F(1,94) = 245,1,> = 0.03

- High APA <>stronger SEF improvement for control
F(1,94)=1.22,1,> =001 F(1,94)=1.74,n,>=0.03

F(1,94) = 0.14,1,> = 0.00 F(1,94) = 0.16,1,” = 0.00

- High LONE <>stronger SMA improvement, particularly for strategy
F(1,94)=1.10,1,> = 0.01 F(1,94) = 12.7%%%,n 2= 0.12
F(1,94) = 0.10,,> = 0.00 F(1,94) = 5.07%, n,% = 0.05

F(1,97) =0.58,n,> = 0.01
F(1,97) = 0.08,1,> = 0.00

F(1,94)=2.11,1,> = 0.02
F(1,94) =7.06*%,n,> = 0.07

F(1,94) = 086, n,” = 0.01
F(1,94) =342,1,> =004

F(1,96) = 188, 1,7 = 0.02 F(1,93) = 1.64,1,” = 0.02
F(1,96) = 061,1,> = 0.01 F(1,93) =0.00, n,> = 0.00

- High APA <>greater LS improvement, but only among strategy
F(1,97)=137,1,>= 001 F(1,94)=1.14,1,> = 0.01
F(1,97)=293,1,>=0.03 F(1,94) =2.91,n,> =003

- High DEP <>greater QoL improvement, but only among strategy

- High LONE <>greater QoL improvement, but only among strategy
- High APA <> less QoL improvement

F(1,94) = 246,1,> = 0.03 F(1,94) =5.92%, % = 0.06
F(1,94) = 9.09*, n %> = 0.09 F(1,94) = 4.07%,n,2 = 0.04
- High LONE <>greater MWB improvement

F(1,94) = 155,n,> = 0.02 F(1,94) = 4.73%, 1,2 = 0.05 F(1,94)=133,n,7 =001
F(1,94) = 0.04,n,> = 0.00 F(1,94) = 0.54,n,> = 0.00 F(1,94) = 082,n,> = 0.00
- High pre DEP <>higher post DEP, but for strategy much lower than control group

- High LONE <>greater DEP improvement, but only among strategy
- High APA <>greater DEP improvement, but only among strategy
F(1,97) = 192.4%**, '1,,2 =0.66  F(1,94)=7.88**, np2 =0.08
F(1,97) = 36.2%**, 1,2 =0.27 F(1,94) = 16.1%**,n 2= 0.15

- High DEP <>greater LONE improvement, but only among strategy
- High pre LONE <>higher post LONE, but for strategy much lower than control group
F(1,94)=132,n,>= 001 F(1,94) =89.1%**,n 2=0.49  F(1,94)=263,n,”=003
F(1,94) = 4.18%,1,2=0.04 F(1,94) =24.0%%,n 2=0.20  F(1,94)=000,n,° =000
- High DEP <>greater APA improvement

- High LONE <>greater APA improvement
- High pre APA <>higher post APA, but for strategy much lower than control group

F(1,97)=13.9%* 1 2=0.13  F(1,94)=7.76*,1,2=0.08  F(1,97) =85.9%*,n *=0.47
F(197)=1.83,n,> =002 F(1,94)=1.78,n," =002 F(1,97) =5.32%,n,2=0.05

F(1,96) = 1.02,n,” = 0.01
F(1,96) = 020, 1,> = 0.00

F(1,97) = 074, n,> = 0.01
F(1,97) = 4.10% n,? = 0.04

F(1,94) = 439% n,? =004
F(1,94) =342,1,> =004

F(1,97)=19.1 %%, n 2=0.16
F(1,97) =8.24*%,n, > = 0.08

M Main effect (DEP, LONE, or APA), I Interaction effect Group*(DEP, LONE or APA). Significant findings are shown in bold

p<.05
“p <.01

P

p <.001
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support goal attainment by improving self-efficacy and
motivation [38-43], but contradicts our initial hypoth-
esis that the habit-based components of the MCSI would
be necessary to maintain behavioral frequencies over the
three weeks of the intervention (e.g., [26, 44, 45]).

Evidence for the added benefits of the habit-based
components

While we failed to observe higher behavioral frequencies
in the strategy group as compared to the control group
during the intervention period, we observed various ben-
efits of the habit-based components that are worth dis-
cussing: (1) promising indications that habit formation
was successfully supported, (2) advantages underscoring
the potential of the habit-based components of the MCSI
to influence a range of broader outcomes, including self-
management ability and quality of life, and (3) evidence
supporting the feasibility and potential of a metacognitive
approach to promote habit formation.

Indications that habit formation was successfully sup-
ported The strategy group experienced higher regu-
larity in the timing of the target behaviors, suggesting
that incorporating guidance on using habit-principles
and promoting the formation of habits by linking target
behaviors to a stable event-based cue facilitates the con-
sistent enactment of behaviors [46, 47]. Temporal regu-
larity is often used as proxy for context stability [48, 49],
which is a well-established determinant of habit forma-
tion [50, 51]. Furthermore, participants in the strategy
group experienced stronger automatization of the shared
(training) goal of going for a daily walk compared to the
control group (but — against our hypothesis - not the test
phase, see section 4.3; [24]). Moreover, habit strength at
the end of the training was higher among strategy group
individuals and predicted higher walking frequency after
the test phase [24, 52]. These effects point to specific ben-
efits of the habit-based components that may have even
stronger impacts on behavior after longer periods of time,
when motivation wanes and adherence relies increasingly
on well-established habits (see e.g., [13]). Accordingly,
previous research has shown that strategic planning (Ils)
proves particularly beneficial after longer periods of time
(e.g., [47]), thereby offering a promising means to not only
initiate behavior, but also support its sustainment. The
question remains whether the metacognitive implemen-
tation of IIs similarly helps to address this key challenge
for behavior change interventions.

Advantages underscoring the broader potential of the
MCSI Beyond these behavioral outcomes, self-manage-
ment ability (i.e., one's ability to proactively manage one's
life external resources, both social and physical ones; [53])
was also more strongly improved in the strategy group.
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This suggests that the habit-based components have
improved a broader set of skills that can help to proac-
tively navigate life’s challenges [54], which may reflect a
another benefit fostered by the habit-based components
of the MCSI that may become more evident over time.

Other benefits of the habit-based components of the
MCSI that highlight the broader potential of the MCSI
were greater improvements in lifestyle satisfaction and
quality of life. Monitoring opportunities for change and
planning strategically for new routines may target key
aspects of quality of life, such as autonomy and overall
satisfaction with activities (e.g., [33, 55]). The strategy
group also showed larger decreases in apathy, character-
ized by reduced engagement in activities due to a lack of
emotions and interest [56], as compared to the control
group. This suggests that the metacognitive habit-based
components may have fostered emotions, interest and
concerns that (in turn) stimulated individuals to engage
in (more) purposeful activities, thereby counteracting
apathetic tendencies. Notably, improvements in self-
management ability partially explained the reduction
in apathy in the strategy group. While the independent
use of II has previously been linked to better self-man-
agement and quality of life [55], our demonstration of its
potential to reduce apathy is novel. The habit-based com-
ponents of the MCSI may empower individuals by giv-
ing them a sense of control over their behaviors, thereby
decreasing apathetic behaviors. In turn, this may improve
outcome variables of interest, either instantly (e.g., by
exerting positive effect on mental well-being and/or qual-
ity of life-related facets) or in the (near) future (e.g., by
positively influencing participation in social activities,
which may reduce loneliness in the long run).

Evidence supporting the feasibility and potential of
the metacognitive approach A key practical finding
that supports the feasibility and potential of the meta-
cognitive habit-based approach to empower older adults
is that participants in the strategy group engaged with
the habit-based tools as intended and demonstrated the
ability to apply them to different behaviors. Specifically,
the majority of participants in the strategy group success-
fully formulated and, when needed, adjusted their II (i.e.,
specifying a clear target behavior and linking this to an
appropriate event-based cue [20, 57]), both during the
training and test phase. This suggests that participants
acquired the skills to formulate and adapt high-quality IIs,
successfully applied them to a pre-selected behavior dur-
ing training, and were able to transfer and use these skills
independently to achieve a new personal goal. This dem-
onstrates the feasibility of teaching if-then planning as a
metacognitive strategy. Moreover, our results show that
targeted guidance (e.g., psycho-education on if-then plan-
ning) and practice during a training phase may help par-
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ticipants to create high-quality 1Is, with clearly specified
contexts and measurable targets — a task that is otherwise
often found to be challenging [58]. Surprisingly, we did
not observe any meaningful changes in the self-reported
inclination to engage in if-then planning. We speculate
that this may be due to the high functioning sample (see
section 4.2) and/or potential limitations of the measure-
ment tool used to assess this tendency (see [33]).

Stronger MCSI benefits for individuals at-risk

Despite various benefits that could be specifically attrib-
uted to the habit-based components of the MCSI, par-
ticipants across both groups performed surprisingly well
and were successful in integrating new behaviors into
their daily routines. This may — at least partially — be
due to the sample of the current study, which consisted
of relatively highly educated, well-functioning, and moti-
vated older adults, who (already) had generally favorable
scores on study variables prior to the intervention. This
raises the question of whether these individuals actually
encountered significant self-regulatory challenges that
could benefit from additional (metacognitive) support,
and/or whether specific guidance was needed to tackle
present challenges. Our participants may have exhibited
relatively good insights and knowledge in their own skills
and capabilities, and thus knew what strategies to imple-
ment to successfully achieve their goals. Indeed, this idea
is supported by the observation that a large group of con-
trol individuals engaged in spontaneous if-then planning
[59-61]. That is, a substantial number of participants in
the control group reported they had linked their target
behavior to an existing routine, with an exploratory anal-
ysis revealing that these spontaneous planners reported
higher frequencies and stronger automatization. Indeed,
previous research has shown that some individuals spon-
taneously form if-then plans when instructed to achieve
a goal (e.g., [60]), particularly in high-functioning and
healthy older adult samples [48, 59]. This high incidence
of spontaneous planning in our sample may also explain
why we did not observe group-level changes in the incli-
nation to engage in if-then planning in the strategy group
(but also see concerns regarding the if-then planning
scale [33]).

While caution is thus warranted in generalizing current
findings to more vulnerable populations, it is notable that
even individuals with relatively limited room for improve-
ment showed meaningful changes. This suggests that the
intervention could hold particular promise for groups
with greater potential for growth. Supporting this, our
moderation analyses showed that benefits of the habit-
based MCSI were more pronounced among individu-
als with a more compromised mental health status (i.e.,
higher levels of depressive symptomatology, apathy, and/
or loneliness) and/or lower levels of conscientiousness,
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lifestyle regularity, and/or prospective memory ability
(see Supplement A). The moderation effects of the men-
tal health variables align with the findings of Toli and
colleagues [25], which suggest that the effects of IIs are
generally more pronounced in individuals with underly-
ing mental health problems than in non-clinical samples.
However, that study examined behavioral outcomes (e.g.,
frequency of target behavior), and not — like in our study
— mental health. In our study, we did not observe greater
benefits for individuals with underlying mental health
problems for the frequency and perceived automaticity of
the target behaviors. Yet, the metacognitive habit-based
components of the MCSI yielded overall greater benefits
for self-management, quality of life, and levels of depres-
sion, apathy and loneliness for individuals with more
mental health problems. This suggests that, at least for
these individuals, the MCSI may offer more comprehen-
sive benefits than those reflected in the actual realization
of their goal during the study period.

Similarly, we found that lower baseline scores for pro-
spective memory, conscientiousness and lifestyle regu-
larity were associated with stronger improvements in
quality of life and/or mental health-related variables.
These associations were observed most consistently and
convincingly among individuals in the strategy group,
particularly for conscientiousness and prospective
memory ability. Thus, individuals who seem to struggle
with mobilizing appropriate strategies/efforts to accom-
plish daily life goals, may benefit from interventions that
encourage strategic if-then planning as metacognitive
strategy [33]. Additionally, our results align with findings
suggesting that older adults with low prospective mem-
ory ability can profit from planning [62].

Individual differences in working memory capacity
appear to play a minimal role in explaining the benefits of
the habit-based MCSI. In the control (but not the strat-
egy) group, lower working memory capacity correlated
with reduced adherence to the daily walking goal. This
suggests that our habit-based MCSI may serve as a com-
pensatory strategy for those with low working memory
capacity (also see: [26]). Nonetheless, caution is war-
ranted in interpreting this exploratory finding, as it did
not generalize across our other outcome variables of
interest.

Limitations, considerations and interesting future
directions

Limitations and concrete recommendations

Although our findings are altogether promising, the pres-
ent study also has some key limitations. In this section,
we will discuss these limitations, explain how these may
have affected some of our findings, and provide concrete
recommendations for future research.
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Firstly, it is important to recognize the absence of a
passive control group. While positive outcomes observed
in the control group seem promising for simple goal-ori-
ented interventions, the current study design prevents us
from confidently attributing the observed benefits in the
control group specifically to goal-setting and self-mon-
itoring of behavior. Other aspects of the intervention,
such as social interactions with the experimenter or the
general sense of being supported, may also have influ-
enced the outcomes. This highlights the need for future
studies to include a passive control group to disentangle
these effects.

Secondly, the relatively brief intervention period may
have limited our ability to detect meaningful benefits
of the habit-based components of the MCSI, for both
frequency (both phases) and automaticity (in the test
phase), and consequently mental health/well-being and
quality of life. As discussed in section 4.1, habit forma-
tion (and its resulting benefits) may require more time to
prevail. A longer intervention period, preferably with a
number of follow-up measurements, is recommended for
future studies that aim to capture and assess the benefits
of the habit-based MCSI.

Third, we did not systematically assess and/or account
for various factors that may influence the pace or mag-
nitude of behavior change and habit formation, such as
behavior complexity, required effort and intrinsic reward
value [63, 64].This would have been especially informa-
tive in the personal target test phase, where the diversity
of the self-chosen target behaviors introduced more vari-
ability, with behaviors spanning diverse lifestyle domains
and likely varying in complexity (i.e., the number of steps
involved; [63, 65, 66]), effort [67, 68], or intrinsic reward
value [69, 70], all known to affect the pace of automati-
zation. These factors may have contributed to more het-
erogeneous individual trajectories, thereby making it
more challenging to detect differences in automatization
at the group level. Within the strategy group, variability
was further amplified by difference in how participants
formulated their II. While some used their II solely to
form a new habit, others aimed to dismantle or replace
an existing one (e.g., substituting reading for snacking
after dinner). Overriding existing habits is significantly
more challenging than simply building a new one (e.g.,
[71, 72] and may therefore have influenced both the pace
and magnitude of behavior change and automatization in
this group. Finally, as some participants from the control
group indicated to have engaged in spontaneous if-then
planning, some relevant benefits of the habit-based com-
ponents (at least among participants who did not engage
in spontaneous planning) may have been overshadowed
as well. Future studies should aim to measure and/or
control for these individual variabilities, or alterna-
tively reduce noise through larger sample sizes. Indeed,
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although our power analysis indicated that a sample
of 98 would be sufficient, the high degree of individual
variability in the test phase and unexpected drop out in
the training phase may have limited our ability to detect
group-level effects for automatization and/or relevant
moderating factors with smaller effect sizes.

Interesting future directions

In this section, we will discuss several interesting avenues
for future research aimed at (1) improving our theoreti-
cal understanding of habit formation and our methods to
adequately quantify automatization and context stability
in intervention designs, and (2) tailoring the habit-based
MCSI to different subgroups and contexts to identify
who benefits most, which factors may influence the effec-
tiveness and how the intervention can be adapted for tar-
geting weekly behaviors.

Improving theoretical understanding and methods to
study routine formation in interventions One impor-
tant avenue for future research is to identify the most
effective ways to quantify automatization in intervention
designs using if-then planning. In the current study, we
relied on SRBAI difference scores. These scores capture
changes in automatization and would appear appropriate
when automatization follows a relatively linear trajectory.
However, habit formation can also follow an exponential
or S-shaped curves (see [63, 73] and different trajectories
observed in the current study), in which case a differences
scores may be less appropriate. Moreover, in the context
of if-then planning, one should be aware of the fact that
forming an II can instantly increase the automaticity of
a behavior [47, 74, 75], thereby raising automaticity from
day 1 (we indeed observed this in the training phase).
Future studies should examine the different type of trajec-
tories of habit formation, and determine the most suitable
methods for quantifying automatization for each trajec-
tory, which potentially requires more frequent assess-
ments (e.g., daily) and/or larger sample sizes.

Future research may also examine how the automatiza-
tion of initiating a behavior differs from that of execut-
ing the behavior itself and, importantly, how this may
be differentially supported by habit-based interventions,
including the MCSI. This recommendation stems from
our finding that recognizing the act of taking a walk as a
habit (which we only assessed at the end of the training
phase) was a better predictor of future actions than one
intention to continue walking or how automatic it feels.
While the limited predictive value of intention aligns with
previous studies showing limited impact when a strong
habit is established (e.g., [76-78]), but the finding per-
taining to automaticity was surprising (but see [24]), as
we expected the habit strength to align with the reported
change in automaticity. Notably, average perceived habit
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strength was also considerably higher than the average
perceived automaticity. These findings may stem from
different evaluations prompted by the habit versus auto-
maticity question. When individuals are prompted to
reflect on walking as a daily habit, they likely contemplate
how ingrained it is in their routine — and thus reflect on
the habit of instigating walking. In contrast, when inquir-
ing about their perceived automaticity, participants may
evaluate how instinctively or effortlessly walking occurs
— reflecting on how automatic the execution of walking
feels [79, 80], especially because we opted to not include
the cue in the stem of the SRBAI [80, 81], for the purpose
of achieving a comparable measure for both the control
and strategy group. Indeed, a growing body of literature
suggests that the instigation (but not execution) habit
strength governs the (future) frequency of behavior [79,
80], for both simple and more complex behaviors [81].
We recommend future studies to assess the automaticity
of both the instigation and execution of the target behav-
ior, and examine how both aspects predict (long-term)
adherence and/or changes in other relevant outcome
variables.

Finally, our findings suggest it would be relevant to
gain a better understanding of the stability of the physi-
cal context in which the target behaviors are performed.
Consistent with previous habit research, we used tem-
poral regularity as a proxy for context stability, but it
remains uncertain how suitable this proxy is for interven-
tions targeting diverse daily-life behaviors. This question
was also raised by the unexpected observation that tem-
poral regularity was not correlated with automaticity and
habit strength, contrasting previous studies on the for-
mation of routines to support medication adherence [48,
49, 82, 83]. Potentially, the physical context varied more
for the behaviors targeted in the present study than those
targeted in previous studies (e.g., lunch may take place at
varying locations during the day, while medication intake
tends to take place at home).

Testing and tailoring the MCSI to relevant subgroups,
contexts and personal needs One important avenue
for future studies is to test the habit-based MCSI in sub-
groups facing greater mental health challenges or having
fewer self-regulatory resources than the current sample.
Current findings suggest that such initial vulnerabilities
do not prevent individuals from deriving benefits from
the MCSI, and even suggest that they may benefit more
strongly from participation. In future research, it is also
important to examine whether there are any thresholds for
effectiveness, as it remains possible that at more extreme
levels (i.e., higher levels of depressive symptomatology,
lower prospective memory abilities), the direct applicabil-
ity of the current version of the self-help intervention is
limited, necessitating adjustments to the protocol.
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Beyond mental health and self-regulatory resources,
future research could also explore other individual char-
acteristics that may moderate the effectiveness of the
habit-based MCSI, helping to identify other subgroups
of individuals for whom the intervention is likely to be
most beneficial. For instance, it may be relevant to study
whether individuals with low willingness to exert effort
(who may be at risk of becoming sedentary at older age)
could especially benefit from this self-help intervention
as it could lower the perceived need for effort to perform
goal-directed behaviors and attain their goals [84].

It is also relevant to test the MCSI'’s applicability for
supporting individuals who anticipate a major life tran-
sition or challenging event. A critical transition phase in
later life is that of retirement. On the one hand, retire-
ment offers newfound freedom from imposed structures
and responsibilities, allowing the opportunity to redefine
routines and find renewed purpose [85]. On the other
hand, it introduces challenges like the loss of daily struc-
ture, a shift from workplace-derived interactions and
activities, and potential identity loss. As a consequence,
for many older adults, retirement leads to increased
inactivity (e.g., [86]) and a detrimental shift in one's self-
image and perceptions about the future. Furthermore,
retirement is recognized as a risk factor for mental health
problems, such as depression, apathy, and loneliness
[87-90] and an unhealthy/sedentary lifestyle [86, 91].
The habit-based MCSI could be strategically introduced
during this life phase to equip individuals with effective
metacognitive skills to navigate these challenges, redefine
day-to-day routines and find new purpose. Other late-
life challenges for which the MCSI may offer valuable
support is the onset of a chronic illness or the loss of a
spouse or close friend.

Finally, it may be promising to explore the efficacy of
an adapted version of the habit-based MCSI, focusing
on building weekly (instead of (only) daily) routines. The
current version of the MCSI largely hinges on a certain
level of daily regularity in individuals’ daily lives, as this
consistency enables the effective attachment or “piggy-
backing” of new behaviors onto existing daily routines/
activities. However, some individuals may appreciate the
flexibility of an open schedule and, as stressed by Bosch
and colleagues [92], struggle to identify consistent daily
re-occurring cues. For those unable to formulate a daily
if-then plan, a MCSI focusing on less frequent behaviors
may be opportune. Such an adapted intervention may
also support striving for goals/behaviors that seem gen-
erally less suitable for daily performance, such as going
to a sport-class or cleaning the house. Importantly, it has
been shown that habits can also be formed for less fre-
quent behaviors [93].
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Conclusion
In conclusion, our innovative metacognitive habit-based
intervention offers a promising means to empower older
individuals by providing them with the tools and strate-
gies they need to take control of their goals and plans.
The present study shows that goal setting and monitor-
ing may be sufficient to improve short-term frequency
of target behaviors, as well as mental health/well-being,
quality of life, self-management ability, self-efficacy and
lifestyle satisfaction. Moreover, the habit-based com-
ponents of the MCSI supported meaningful additional
benefits, including stronger improvements in quality of
life and self-management, greater temporal regularity of
behaviors and stronger routine formation for the rela-
tively simple goal of a daily walk. Further research, where
individual differences are systematically accounted for, is
needed to establish whether these automatization ben-
efits can extend to other behavior types when targeted
independently. Interestingly, even within the limited
spectrum of vulnerability in our sample, the habit-based
MSCI appeared to confer particular benefits to indi-
viduals facing greater mental health challenges or hav-
ing fewer self-regulatory resources. Delivering the MCSI
to individuals with even worse mental health states, or
lower levels of prospective memory, lifestyle regularity
or conscientiousness, or facing serious challenges or life-
transitions may, therefore, prove especially opportune.
Our findings add valuable insights to the growing body
of literature that recognizes behavior change principles
as a promising means to promote successful aging (e.g.,
[2]). Additionally, they show that a personalized, habit-
based metacognitive approach, where individuals are
taught transferable behavior change skills to empower
them to effectively and independently pursue their goals
in the face of changing/challenging circumstances, is fea-
sible and may be even more effective. The current study
serves as a valuable starting point to further enhance our
understanding of the mechanisms of change of a habit-
based metacognitive intervention, optim ize the inter-
vention for heightened efficacy and determine its benefits
for specific subgroups or periods in life in supporting
behavioral adaptability.
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