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Abstract

As global societies experience continuous aging of the population, the strain of
age-related physical and cognitive impairments on healthcare systems intensifies. Tradi-
tional interventions aimed at promoting physical fitness and preventing cognitive decline
have demonstrated only limited and short-term effectiveness. This pilot study investigates
the impact of the Value of Physical Effort (VoPE) on the effectiveness of a Jump High-
Intensity Interval Training (Jump HIIT) intervention in enhancing physical and cognitive
fitness among elderly individuals. Guided by the Theory of Learned Industriousness, I hy-
pothesize that an increase in the VoPE, cultivated through participation in the intervention,
will positively influence the effectiveness of Jump HIIT in improving physical and cognitive
performance. Seventeen participants underwent extensive baseline and follow-up measure-
ments, assessing various cognitive and physical performance parameters and engaged in a
10-12 week Jump HIIT intervention. A Bayesian analytical approach provides evidence
supporting an increase in the VoPE and subsequently a positive influence on maximum
jump height in the countermovement jump. However, mixed and inconclusive findings were
observed for other physical and cognitive performance parameters. These preliminary find-
ings suggest a potential benefit of increased VoPE, positively influencing the effectiveness
of a Jump HIIT intervention. Nonetheless, robust conclusions require replication through
a randomized controlled trial. Further research in the area of effort value should focus not
only on exploring the mechanism of its formation but also on investigating the complex
relationships with human behaviour, as piloted in this work.

Keywords: Value of Physical Effort, Jump High-Intensity Interval Training, Coun-
termovement Jump, Elderly Individuals



Zusammenfassung

Im Zuge der weltweiten Alterung sehen sich Gesellschaften zunehmend mit der Her-
ausforderung konfrontiert, die durch altersbedingte körperliche und kognitive Beeinträch-
tigungen auf die Gesundheitssysteme zukommt. Bisherige Interventionen zur Förderung
körperlicher Fitness und zum Schutz vor kognitivem Abbau zeigen lediglich begrenzte und
kurzfristige positive Effekte. Diese Pilotstudie untersucht die Rolle des Werts der Anstren-
gung auf die Effektivität einer Sprung Hoch-Intensitäts-Intervall Trainings (Sprung HIIT)
Intervention zur Förderung körperlicher und kognitiver Leistungsfähigkeit bei Senior:innen.
Basierend auf der Theorie des erlernten Fleißes wird die Hypothese aufgestellt, dass eine
Steigerung des Werts der Anstrengung, die durch die Teilnahme an der Intervention er-
reicht wird, einen positiven moderierenden Einfluss auf die Effektivität der Sprung HIIT-
Intervention zur Steigerung der körperlichen und kognitiven Leistungsfähigkeit haben wird.
Siebzehn Teilnehmer:innen nahmen an umfangreichen Prä- und Postmessungen zahlreicher
kognitiver und physischer Leistungsparameter sowie an einer 10- bis 12-wöchigen Sprung
HIIT-Intervention teil. Ein bayesianischer Ansatz zur Überprüfung der Hypothesen liefert
Hinweise auf eine Steigerung des Werts der Anstrengung und einen positiven Einfluss dieser
Steigerung auf die maximale Sprunghöhe im Gegenbewegungssprung. Gemischte Befunde
wurden für andere physische und kognitive Leistungsparameter gefunden. Diese vorläufi-
gen Ergebnisse deuten darauf hin, dass eine Steigerung des Werts der Anstrengung poten-
zielle Vorteile bietet und einen positiven Einfluss auf die Effektivität einer Sprung HIIT-
Intervention haben könnte. Dennoch sind belastbare Schlussfolgerungen erst nach einer
Replikation in einer randomisierten kontrollierten Studie möglich. Weitere Forschung in
dem Gebiet des Wertes der Anstrengung sollte nicht nur den Entstehungsmechanismus
weiter erforschen, sondern auch, wie in dieser Arbeit pilotiert, die komplexen Beziehungen
zum menschlichen Verhalten untersuchen.

Schlüsselwörter: Wert der physischen Anstrengung, Sprung Hoch-Intensitäts Inter-
vall Training, Gegenbewegungssprünge, Senior:innen
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Introduction

The demographic landscape is undergoing a significant shift, marked by a discernible
trend towards an aging population. According to projections from the Directorate General
for Economic and Financial Affairs (2021), the anticipated population in the year 2070
demonstrates a noteworthy decrease in age cohorts spanning from 0 to 64 years, while
conversely, the population aged 65 years and older will increase considerably. This demo-
graphic shift, marked by a growing elderly population, is placing a strain on healthcare
systems worldwide as the current healthcare infrastructure faces challenges in managing
older patients with multiple comorbidities and functional impairments (M.-H. Lin et al.,
2010; Pammolli et al., 2012). With numerous diseases and impairments contributing to the
issue and limiting the well-being and life expectancy of the aging population, it is impera-
tive to address the specific challenges. I will focus on three important areas that can serve
as indicators of well-being and health.

Impacts of Aging: Sarcopenia, Cardiorespiratory Fitness, and Cognitive Im-
pairment

The term sarcopenia, signifying ”loss of flesh,” was introduced in 1988 to character-
ize the age-associated decline in skeletal muscle mass (Rosenberg, 1997). Beyond the mere
reduction in muscle mass, functional changes associated with sarcopenia contribute signif-
icantly to an increase in weakness, fractures, and an elevated tendency for nursing home
admissions, ultimately leading to a loss of independence (Rosenberg, 1997). Notably, a 30%
decrease in whole muscle size transpires between the ages of 50 and 80 years (Deschenes,
2004), coupled with an annual strength loss ranging from 1.5% to 5% in individuals older
than 50 years (Marcell et al., 2014). Lower limb strength loss can lead to diminished func-
tionality and mobility, resulting in increased risks of falls among older individuals (Buchman
et al., 2007; Meyer et al., 2012). Furthermore, sarcopenia is associated with a spectrum
of adverse outcomes, extending even to older individuals without overt disease, including
disability, hospitalization, and mortality (Guralnik et al., 2000; Verghese et al., 2006). The
decline in muscle strength can lead to an inability to perform activities of daily living, such
as household chores and self-care, contributing to a loss of functional independence among
the aging population (Janssen et al., 2002; Reid et al., 2008).

Cardiorespiratory fitness, as measured by the maximum amount of oxygen ones
body can absorb and use during exercise (VO2max), declines substantially with age. The
rate of decline increases from 3% to 6% per decade in one’s 20s and 30s to exceeding 20% per
decade in one’s 70s and beyond (Fleg et al., 2005). The rapid decrease in aerobic capacity
represents a substantial challenge, as cardiorespiratory fitness is closely linked to various
health outcomes. It serves as a significant mortality predictor in older adults, independent
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of overall or abdominal adiposity (Sui et al., 2007). Additionally, cardiorespiratory fitness
is an independent predictor of mortality and length of hospital stay in patients after a liver
surgery, providing more accurate prognostic information than age alone (Snowden et al.,
2013). Cardiorespiratory fitness is even theorized to regulate telomere length in middle-aged
and older adults, thereby potentially moderating the cellular aging process (Marques et al.,
2020). Therefore, the significant decline in cardiorespiratory fitness with age, as measured
by VO2max, is a crucial factor in health outcomes, mortality prediction in older adults, and
prognostication in post-liver surgery patients. Additionally, its theoretical connection to
moderating the cellular aging process makes cardiorespiratory fitness an excellent indicator
of physical abilities within the target population.

In the context of research involving elderly populations, the term ”Cognitive Im-
pairment” is frequently employed to denote a spectrum of cognitive deficits associated with
aging. From the age of 71 and beyond, there is a notably high prevalence of cognitive
impairment among the elderly population, with an estimated 5.4 million people (22.2%) in
the United States aged 71 years or older exhibiting cognitive impairment without dementia
(Plassman et al., 2008). Furthermore, cognitive impairment is recognized as a significant
risk factor for the development of dementia (Comas-Herrera et al., 2007). The implications
of cognitive impairment extend beyond individual well-being, impacting healthcare systems
economically. Baumgart et al. (2015) predict that expenditure on long-term care services
for older individuals with cognitive impairment in the UK will increase from £5.4 billion in
2002 to £16.7 billion in 2031. However, researchers emphasize the importance of physical
activity as a potential protective factor against cognitive impairment. Physical activity in-
terventions are believed to have a beneficial impact on cognitive abilities, potentially slowing
cognitive decline directly through increased blood flow or indirectly by reducing other risk
factors, such as cardiovascular disease, obesity, and diabetes (Brasure et al., 2018).

Reassessing Aging Interventions

Numerous health-related training interventions have been implemented to attempt
to protect the elderly population from the aforementioned cognitive and physical decline
associated with aging. Despite sustained efforts, existing reviews have yet to establish
compelling and enduring effects of interventions on both cognitive and physical fitness. A
comprehensive review of physical activity interventions, including home-based, group-based
and educational approaches, indicates that while these interventions can lead to increased
physical activity, the changes observed tend to be modest and short-lived (van der Bij et
al., 2002). In a recent umbrella review assessing the effectiveness of interventions aiming to
increase physical activity and/or reduce sedentary behaviour among community-dwelling
older adults, Alessy et al. (2023) found some evidence supporting short-term effectiveness
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of these intervention (≤ 3 months). However, the review also highlights a notable gap in
high-quality evidence concerning the long-term effects of these interventions. Furthermore,
a systematic review conducted by Brasure et al. (2018) specifically focusing on physical
interventions for cognitive impairment found that evidence supporting the effectiveness of
single-component physical activity interventions in preventing cognitive decline is largely
insufficient.

In light of the persistent challenges in mitigating cognitive and physical decline
among the elderly through existing health-related training interventions, a critical reassess-
ment of the variables influencing human health behaviour is imperative. Despite numerous
attempts, comprehensive reviews have thus far failed to yield conclusive evidence supporting
the sustained efficacy of interventions targeting cognitive and physical fitness in aging indi-
viduals. To fill this critical gap in our understanding, it is essential to explore the complex
web of factors that shape health outcomes in the older population. Among the potentially
influential factors, one aspect that has been notably absent from previous investigations is
the Value of Effort.

Decoding Effort in Sports

The emphasis on effort is crucial in the context of sport and physical activity due to
its defining nature within these domains. The Cambridge-Dictionary (n.d.) defines Sport
as “A game, competition, or activity needing physical effort and skill that is played or
done according to rules, for enjoyment and/or as a job”. Furthermore, Wolff et al. (2021)
stated that exercise induces the sensation of effort, a subjective experience that involves
the investment of physical and mental energy. Effort itself, in turn, can be defined as the
subjective intensification of mental and/or physical activity in the service of meeting some
goal (Eisenberger, 1992). It is essential to distinguish effort from motivation. Effort refers
to the intensity or amplitude of behavior but does not inherently specify a particular goal.
In contrast, motivation is a driving force that not only determines the intensity or vigor of
behavior but also provides a direction, such as a specific goal (Atkinson, 1957; Pessiglione
et al., 2018). While effort is the exertion applied to an activity, motivation adds the crucial
element of purpose and direction to that exertion. Effort is accompanied by distinct phe-
nomenology, making it evident to the actor that they are exerting effort (Kurzban, 2016)
and recognizable to others whether somebody is exerting effort or faking it (de Morree &
Marcora, 2010; Grèzes et al., 2004; Tidoni et al., 2013; A. van Boxtel & Jessurun, 1993).
Exertion of Effort is often considered aversive (Kurzban, 2016) and is avoided if possible
(Brehm & Self, 1989). In his Principle of Least Effort, Zipf (1949) describes that people
will choose to minimize their effort to achieve their goals, thus indirectly proposing that
effort is always both costly and instrumental to reaching a set goal (Brehm & Self, 1989).
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Instrumental Effort

The historical perspective, prevalent in literature to date, regards effort as a tool
for achieving goals, wherein individuals endure and persevere through it. Contemporary
theoretical and empirical work in cognitive neuroscience and economics, as highlighted by
Inzlicht et al. (2018), has predominantly supported this historical view. The consensus
emerging from recent research is that effort is inherently costly and devalued. In the con-
text of effort’s utility, the Motivational Intensity Theory (MIT) conceptualizes effort as a
strategic tool that is always seen as a cost, and individuals decide to apply effort based on
a careful weighing of potential benefits against the amount of effort required (Brehm et al.,
1983), only applying effort as an instrument to the degree justified by a potential reward.
MIT has proven to be a useful framework in understanding how people allocate physical
effort, particularly as a costly but instrumental means of goal pursuit (Richter et al., 2016)
and is well-documented, especially in the cognitive domain (Frederick, 2005; Kool et al.,
2010; Westbrook et al., 2013). People exhibit a dislike for even the smallest amounts of
effort, such as the mental effort required for thorough thinking about an option (Kool et al.,
2010). This avoidance of effort extends to both humans and other animals (Frederick, 2005;
Kool et al., 2010). When faced with tasks offering equal rewards but differing in levels of de-
mand, organisms, including rats navigating mazes, demonstrate a learning pattern to avoid
the more demanding option. Just as rats typically learn to avoid the physically demanding
arm of a maze (Hull, 1943), research by Cocker et al. (2012) suggests that organisms also
learn to avoid more cognitively demanding choice options. Humans showcase the perceived
costliness of effort through a willingness to accept fewer rewards if it helps them avoid
higher effort (Westbrook et al., 2013). There is neuroscientific evidence for the subjective
aversiveness of effort. Activity in both the anterior cingulate and the anterior insula have
been shown to correspond to effort discounting (Arulpragasam et al., 2018; Massar et al.,
2015) and to potentially mediate the subjective aversiveness of effort (Botvinick & Rosen,
2009).

Rethinking Effort: Towards the Value of Effort

However, this notion that effort is inherently costly and instrumental, only applied
if potential benefits outweigh the costs, has recently been challenged both in the cognitive
(Inzlicht et al., 2018) and physical (Stähler et al., 2023) domain. Most importantly, the
available evidence supports the idea that effort can have inherent value (Inzlicht et al.,
2018; Stähler et al., 2023). To gain further insight into the shifted perception of effort, two
paradoxical examples can be utilized, which are inexplicable by means of the traditional
concept of effort. Firstly, recreational endurance athletes commit significant resources, in-
cluding time, money, and the potential risk of injury, to participate in demanding endurance
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events despite limited chances of receiving tangible rewards in return (Maxcy et al., 2019).
Secondly, individuals demonstrate a preference for climbing activities due to the inherent
effort required. The answers to the question commonly asked of mountaineers about their
motivation for climbing mountains are often unclear because these reasons do not fit neatly
within the described instrumental functions of effort (Loewenstein, 1999). Derived from
these and other examples, Inzlicht et al. (2018) propose three functions of effort, namely
effort as instrument, effort as reward and effort as value added. Stähler et al. (2023) find
support for this distinction into three functions in the physical domain literature. Besides
the aforementioned effort as a costly instrument, the effort as reward describes that the ac-
tivity is valued because it requires a substantial amount of effort. The outcome, or potential
reward is not a driver for the behavior but rather the sheer experience of effort (Stähler
et al., 2023). This function is also known as the Value of Physical Effort (Bieleke et al.,
2023). Additionally, Inzlicht et al. (2018) highlight the Effort as Value Added. People often
assign more value to the same outcome or reward when they had to exert more effort to
obtain it. This effect is sometimes referred to as the “Ikea Effect”. For an extensive review,
please see Stähler et al. (2023).

In the following paragraph I would like to give a brief insight into the supporting
literature of the value of physical effort described above. In a series of studies conducted
by Stanek and Richter (2021), participants applied greater effort in an isometric hand
grip task than was necessary to complete the task and receive the reward. This finding
can be interpreted as indirect evidence for the value of physical effort, as it cannot be
accounted for by purely instrumental approaches to effort. In their survey, Wright et al.
(2005) examined the relationship between exercise self-efficacy and motivational responses to
physical activity. Results revealed that individuals who exhibit higher levels of comfort with
exercise tend to find greater enjoyment in it and perceive physical exertion as rewarding.
There is consistent evidence for a value adding function of physical effort (Palidis & Gribble,
2020; Turner et al., 2021; Vinckier et al., 2019).

Mechanism of Emergence: The Learned Industriousness Theory

But why do people value effort? One of the leading theories of emergence for this
phenomenon is a reinforcement learning mechanism (Haynos et al., 2023; Inzlicht et al.,
2018; Stähler et al., 2023). There is a substantial body of learning research spanning sev-
eral decades, which demonstrated that rewards play a pivotal role in positively influencing
preferences for more challenging tasks and increased effort exertion in both humans and
non-human subjects (Crespi, 1942; Leonard et al., 2017; O’Doherty et al., 2017). It is
noteworthy that incentivising task performance can lead to reduced intrinsic value and
willingness to exert effort, especially after the reward is withdrawn (Henderlong Corpus &
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Lepper, 2007; Mueller & Dweck, 1998). But when individuals are rewarded for engaging in
more demanding tasks, even without controlling for the distinction between performance
and actual effort, there is an evident heightened willingness to exert effort in subsequent
tasks. A positive effect of reward on maintenance of effort exertion was demonstrated
by Eisenberger et al. (1979), who found that rats trained to exert high effort for reward
showed increased effort in subsequent tasks and a preference for high-effort activities. Sim-
ilarly, rewarding high-effort expenditure on difficult tasks enhanced effort and persistence
on subsequent unrewarded tasks in humans, while also reducing cheating on challenging
math assignments (Eisenberger & Masterson, 1983; Eisenberger et al., 1979). This positive
impact of rewards on sustained effort aligns with the concept of Learned Industriousness
proposed by (Eisenberger, 1992), where conditioning of high effort as a secondary rein-
forcer, when consistently paired with primary rewards like money, social praise or mastery
experience can lead to an inherent rewarding value of effort itself. This mechanism has
been previously studied for its role in valuing physical effort. Studies have shown that both
human and non-human subjects demonstrate a greater willingness to exert physical effort,
and therefore value physical effort, in subsequent non-rewarded tasks following a repeated
coupling of high effort and rewards (Bernacer et al., 2019; Laurence et al., 2015). More
recently, it has been hypothesized that the Learned Industriousness mechanism is a major
contributor to the clinically relevant overvaluation of effort in anorexia nervosa patients
(Haynos et al., 2023).

The Generalization of Effort Valuation

The Value of Effort has been proven not to be task specific, but rather to generalize
across a variety of tasks with different demands within a domain. This holds true for both
the cognitive and physical domains. H. Lin et al. (2021) exemplify this by demonstrating
that rewarding participants for choosing a challenging inhibition task during training in-
creases their willingness to perform another cognitively demanding task without reward,
suggesting a domain-specific but task-unspecific generalization phenomenon. Additionally,
the results from studies conducted by Eisenberger and Adornetto (1986) and Eisenberger
and Leonard (1980) offer further backing for the generalization of effort valuation. College
students and preadolescent children who receive rewards for successfully completing chal-
lenging cognitive tasks tend to demonstrate a greater willingness to exert more effort and
to engage more persistently in unrelated tasks without being rewarded. Correspondingly,
analogous effects have been elucidated in the context of Learned Industriousness within the
physical domain. Experiments with rats, revealed that following the repeated association of
high effort with reward in one specific physical task, rodents exhibit an amplified willingness
to exert increased effort in a distinct, unrelated physical task (Eisenberger et al., 1979).
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An ongoing debate in the scientific community considers whether the Value of Ef-
fort is domain-specific or general across different domains. This query aims to distinguish
whether an increase in value of physical effort, for example, simultaneously affects the
valuation of cognitive effort, and vice versa. Theories of effort regulation highlight the
interrelated nature of cognitive and physical effort regulation (Herrebrøden et al., 2023;
Wolff et al., 2021). In sports performance, physical and cognitive effort are often inter-
twined. Performance in an endurance race relies on physical effort, such as the engagement
of locomotor muscles, but at the same time self-regulatory control, which is required to
override automatic response tendencies, such as stopping or slowing down (Wolff et al.,
2021). Contrary to dualistic views that attempt to separate mind and body, it’s crucial to
recognize their inseparability in the context of sport. Increasing or maintaining physical
effort inherently involves cognitive effort, emphasizing the interrelated nature of these two
facets (Herrebrøden et al., 2023). Neurological evidence supports the notion of a shared
neurological evaluation of effort across cognitive and physical domains (Chong et al., 2017;
Ritz et al., 2020). The exploration of cross-domain evaluation of effort has yielded var-
ied results regarding the existence of a common value of effort (Bustamante et al., 2014;
Chong et al., 2018; Jonker et al., 2010). A survey comparing elite athletes and non-athletes
revealed a positive correlation between willingness to exert physical effort and academic per-
formance. Elite youth athletes achieved higher levels of education than their non-athlete
peers, and an increased willingness to exert effort was associated with not only superior ath-
letic performance but also academic achievement (Jonker et al., 2010). Another comparison
between athletes and non-athletes revealed distinct patterns in physical and cognitive ef-
fort avoidance within each group. While athletes showed no variance between domains,
non-athletes differed between the physical & cognitive domain (Chong et al., 2018). This
indicates that there is no consistent, cross-domain value of effort. One study examined
the transferability of effort valuing across different domains using a reinforcement learning
paradigm. In a between subject’s design, participants were either rewarded for high or low
physical or cognitive effort and their persistence on a subsequent non-rewarded cognitive
task was measured. There was no evidence that learned industriousness generalized across
domains (Bustamante et al., 2014). Stähler et al. (2023) suggest that the complexity of the
relationship between effort costs across domains (as described in Chong et al., 2018) may
help to explain the failure to generalize effort valuation across domains in Bustamante et
al.’s 2014 study, as the association between reward and high effort only occurred during a
short (10 min at most) training period.
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The Interplay Between Value of Effort and Cognitive & Physical Abilities

The inquiry into the correlation between Value of Effort and cognitive or physical
ability prompts an exploration into the underlying factors that link heightened effort values
with potential benefits for the elderly, acting as a protective mechanism against age-related
health risks. The question revolves around the degree to which increased valuing of effort
correlates with advantageous effects on the capabilities of the elderly. This assumption
hinges on the premise that a positive association between valuing effort and cognitive or
physical ability could contribute to enhancing overall well-being and resilience in the face
of challenges associated with aging. The value of physical effort, in contrast to its cog-
nitive counterpart, has received limited research attention (Stähler et al., 2023). In stark
contrast, the value of cognitive effort, often referred to as the Need for Cognition (NFC),
has been a subject of prolonged and established research recognition. The NFC represents
an individual’s inclination to engage in and derive enjoyment from cognitively demanding
activities and is a widely acknowledged personality trait (Cacioppo et al., 1996). Therefore,
I will focus on NFC to illustrate how a higher value of effort can help older people’s abilities
and argue that the value of physical effort should have similar effects because of their close
similarity. Individuals with a higher NFC generally favor engaging in leisure activities that
require more cognitive effort (Therriault et al., 2015), show lesser effort devaluation in an
effort discounting paradigm (Westbrook et al., 2013) and require less incentives to engage
in cognitive effortful tasks (Sandra & Otto, 2018), particularly when contrasted with those
with lower NFC levels. A cross-sectional study, based on a representative sample of elderly
individuals from the US population (N=1,174), has reported a strong positive association
between NFC and neurocognitive ability (Maldonato et al., 2017). Longitudinal Designs
investigating the impact of NFC on cognitive ability changes discovered and replicated that
(a) higher initial NFC predicted greater cognitive abilities two years later (Baer et al., 2013),
and (b) a positive change in NFC was linked to positive changes in cognitive abilities (Hess
et al., 2012). On the basis of the literature, the researchers believe that they have found
sufficient evidence to support the hypothesis that higher (changes in) value of cognitive
effort leads to greater cognitive ability and may therefore help to protect against cognitive
impairment (Baer et al., 2013). In conjunction with the relatively scarce exploration of
the value of physical effort, a domain that has exhibited parallels with research findings on
cognitive effort, an assumption can be made regarding the positive correlation between the
value of physical effort and physical fitness in old age. Drawing on the existing body of
research that has consistently revealed a positive correlation between the value of cognitive
effort and cognitive abilities in the elderly, the analogous nature of the research on the value
of physical effort, as characterized by similiar devaluation patterns (Białaszek et al., 2017;
Lopez-Gamundi & Wardle, 2018) suggests a potential parallel in the physical domain.
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The Jump High Intensity Interval Training

A High-Intensity Interval Training (HIIT) was implemented as an efficacious train-
ing intervention for elderly individuals. Numerous reviews provide robust evidence sup-
porting the efficacy of HIIT for enhancing cardiorespiratory fitness (Costigan et al., 2015;
Kilpatrick et al., 2014) as well as some evidence suggesting moderate effects of HIIT on
executive function (Costigan et al., 2016). Additionally, HIIT that includes various forms
of jumps and lunges has proven to be a practical technique in curtailing muscle atrophy
(Kramer et al., 2018). As a result, Kramer et al. (2018) suggest for sedentary populations
to incorporate this routine as a preventive measure. Still, to the best of my knowledge, no
previous study has implemented a Jump High-Intensity Interval Training (Jump HIIT) in-
tervention incorporating among others lunges and jumps specifically tailored for the at-risk
population of the elderly. Physiological markers of exertion in Jump HIIT have been iden-
tified to exhibit a high correlation with well-researched types of HIIT, such as running and
cycling (Kramer et al., 2019). Moreover, these physiological markers are strongly associated
with the subjective exertion reported by individuals in self-reports, such as the Rating of
Perceived Exertion (Borg, 1982; Robertson & Noble, 1997).

It is difficult to find extensive literature regarding the different rewards, that people
experience within sporting participation. For the most part, the motivation for sport is
researched. Nonetheless, there is some evidence that people value both, the opportunity for
social interaction during sport, as well as the hedonic pleasure they experience. Findings
from an interview-style study conducted within US community sport and leisure-time phys-
ical activities revealed that participants emphasized the significance of hedonic rewards,
referring to the positive feelings experienced after training, and social interaction during
sporting participation (Berg et al., 2015). I anticipate that participants derived hedonic
rewards and benefits from social interactions during the exercises, facilitated by their en-
couragement to train in small groups. The incorporation of challenging training sessions
theoretically should have yielded a sense of personal satisfaction. Beyond these intrinsic
rewards, it is plausible to assume that participants may have also received social praise from
their peers for their active involvement in a physical activity training program.

Based on the literature, I conclude that the Jump HIIT Intervention should not
only be an effective way to improve both the cardiorespiratory fitness and strength in the
lower extremities but also should be experienced as highly effortful and offers opportunities
for indirect rewards.

Purpose of the Study

This study seeks to explore the role of the Value of Physical Effort in the context of
health-related interventions for the aging population. Through investigation of this often-
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unrecognised variable, I aim to refine the understanding of the complexities surrounding
health behaviours in older people, with the ultimate goal of tailoring interventions that are
not only specific, but also inherently effective in promoting sustained cognitive and physical
well-being in the future.

This theoretical base leads me to the following research question: How does a change
in the subjective value of physical effort in the context of Jump HIIT relate with the physical
and cognitive fitness of elderly individuals? If one considers that the Jump HIIT Intervention
should be experienced as both effortful and rewarding (social praise, personal satisfaction &
social interaction) one can assume that through a reinforcement learning mechanism called
Learned Industriousness (Eisenberger, 1992), participants will learn to value the physical
effort exerted more. I therefore postulate that after the repeated exertion of high effort in
the Jump HIIT and coupling with social and self-fulfilling rewards, the value of physical
effort will increase.

I also anticipate a greater positive change in the value of physical effort to positively
correlate with an improvement in physical fitness. Although, there is no direct evidence in
the literature (since the concept of value of physical effort is brand new) this makes sense
from a theoretical standpoint. As I laid down, a positive change in the value of cognitive
effort leads to greater positive changes in cognitive abilities (in longitudinal designs; Hess
et al., 2012) and a higher value of cognitive effort is overall positively correlated with greater
cognitive abilities in elderly populations (Baer et al., 2013). Thanks to the great similarities
regarding the effects between the well – researched value of cognitive effort and the newer
concept of value of physical effort in the literature, I propose that similar patterns can be
found in the physical effort domain. This also makes sense if one considers that people with
a higher value of cognitive effort seem to seek out effortful leisure time activities (Therriault
et al., 2015) and require less incentives to exert higher levels of effort (Sandra & Otto, 2018).
Both characteristics, if translated to the physical domain, would increase the physical fitness
of an individual.

Lastly, I postulate a greater positive change in the value of physical effort to posi-
tively correlate with an improvement in the cognitive fitness as well. Research has shown
mixed results so far regarding the across domain generalization of the Value of Effort. While
theories of the regulation of effort (Herrebrøden et al., 2023; Wolff et al., 2021) and neu-
roimaging studies (Chong et al., 2017; Ritz et al., 2020) hint towards a common learning
mechanism for both, the cognitive and physical valuation of effort, experimental (Busta-
mante et al., 2014; Chong et al., 2018) and questionnaire studies (Jonker et al., 2010) have
failed to show consistent results. I therefore want to test this generalization based on the
theoretical construct explained earlier.
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Methods

Participants

The study involved a total of N = 17 healthy subjects who voluntarily participated
in the research. Five subjects (two men and three women) withdrew from the study, citing
reasons unrelated to the project, and were unable to complete the measurments. Ultimately,
data from N = 12 participants were obtained, comprising n = 7 females (mean age 63.57
± 2.88 years) and n = 5 males (mean age of 73.00 ± 4.30 years). The age range of the
participants spanned from 60 to 78 years. All participants were affiliated with the Litzel-
stetten tennis club. Inclusion criteria included being German speakers, having no injuries
in the previous six months, having no heart problems, and being active tennis players. The
study adhered to ethical principles and received approval from the Ethics Committee of
the University of Konstanz with confirmation number 29/2022. The study design was in
accordance with the Declaration of Helsinki. Prior to participation, all participants were
informed about the study, provided their consent and confirmed that they did not suffer
from any medical conditions that could influence the results or compromise their health in
any aspect.

Study Design

The research adopted a longitudinal pilot study design, incorporating baseline and
follow-up measurements. All physiological and psychological performance tests, along with
the questionnaires (with the exception of the prospective and retrospective formulations
of the RoE scale), remained consistent in both measurement phases. The study involved
participants in a 10-12-week Jump High-Intensity Interval Training (Jump HIIT) program.

During the intervention phase, participants adhered to a structured training regi-
men, involving three sessions per week, each lasting 20 minutes, with a rest day between
sessions. The training program comprised eight different exercises (e.g., Counter Movement
Jumps, Skipping, Running on a Spot, Quick Squats), with five to be completed in a session.
A detailed description of the exercises can be found in Appendix A. Despite variations in
exercises throughout the sessions, the load of 20 seconds per exercise with a 40-second break
between exercises remained constant.

The exercises and training plan were thoroughly discussed with the participants.
A member of the Chair of Training and Movement Science at the Human Performance
Research Centre (HPRC) of the University of Konstanz provided explanations on the cor-
rect execution of the exercises during the first meeting. Participants performed all further
sessions independently, either at home or outside and were encouraged to carry out the
exercises in small groups. Each participant received a printed training plan outlining the
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exercises for each session, including space to record the duration of each training session
(see Appendix B).

Materials

Value of Effort

So far, little attention has been paid to the Value of Effort in the physical domain
(Stähler et al., 2023), but recent advancements, such as the introduction of the Value of
Physical Effort (VoPE) scale (Bieleke et al., 2023), have allowed researchers to delve into this
aspect. By employing the VoPE scale, researchers demonstrated that individuals differed
in their valuation of physical effort, and these individual differences were correlated with
various aspects of sports behavior, exercise volume, and overall physical activity outcomes
(Bieleke et al., 2023). The scale contains items such as ”I prefer physically effortful sports
activities to those that can be done without much effort”. Participants expressed their
agreement with each item on a 7-point Likert scale, ranging from 1 (strongly disagree) to 7
(strongly agree). Subsequently, their individual responses were averaged to derive an overall
Value of Physical Effort (VoPE) score. The complete Value of Physical Effort (VoPE) scale
is presented in Table 1.

A longitudinal study showed a moderate correlation over time, suggesting that the
VoPE scale captured changes in the value of physical effort (Bieleke et al., 2023). As a
supplement to the trait measure of effort, I used an as yet unpublished scale in this study,
which, due to its prospective and retrospective formulation, should be even more sensitive
to change than the abovementioned VoPE scale. The Role of Effort (RoE) scale consists
of three subscales with two items (see Table 2), covering all functions of physical effort as
proposed by Stähler et al. (2023). Of particular interest for this study is the subscale Effort
as Reward, as it covers the concept of value of physical effort. Again, participants expressed
their agreement with each item on a 7-point Likert scale, ranging from 1 (strongly disagree)
to 7 (strongly agree), and an EaR Score was computed by averaging the results across both
items of the subscale.

Counter Movement Jump

The Counter Movement Jump (CMJ), regarded as a natural way for humans to jump
as high as possible without a run-up (Claudino et al., 2017), has been widely employed as
a means to assess neuromuscular performance in humans (Buehring et al., 2010; Singh
et al., 2014). Beyond being a task-specific measure of performance, the height achieved
in the CMJ is indicative of the overall functional status of an individual (Busche et al.,
2013; Claudino et al., 2017) and has been shown to be effective with the target popu-
lation (Buehring et al., 2015). The accepted test protocol in the literature dictates the
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utilization of the highest value among three maximum force jumps for evaluation (Taani
et al., 2017). To conduct this assessment, the Leonardo Mechanography GRFP (Ground
Reaction Force Platform) was employed, incorporating software specifications (v4.2b06.09d
- Research Edition, NOVOTEC Medical GmbH, Copyright © 2013, Germany). The force
plate measurement is considered a benchmark in the field (Gruber et al., 2022), provid-
ing accurate and dependable data for assessing neuromuscular performance during jump
activities (Dias et al., 2011).

Isokinetic force measurement of extension & flexion of the knees

The age-related reduction in muscle size, commonly referred to as sarcopenia, is
strongly correlated with a concurrent decrease in the maximum torque generated by the
affected muscle areas (Kaya et al., 2011). In turn, the maximum torque can be measured by
isokinetic dynamometry, which, since its inception in the 1960s (Hislop & Perrine, 1967),
has evolved into a widely accepted and benchmark method for assessing human muscle
function (Dirnberger et al., 2012). Measurement of peak torque of the extension and flexion
of the knees in the Isomed 2000 (D&R GmbH, Gewerbering, Hemau, Germany) isokinetic
dynamometer was employed. Participants completed a familiarization period during which
the whole range of motion was explored. Afterwards, three extension-flexion repetitions with
15 seconds rest in between were performed. Consistent with the literature, the analysis
employed only the mean maximum torque derived from the three trials (Parraca et al.,
2022). In recent years, isokinetic tests have emerged as the reference method for assessing
strength in older adults (Pereira et al., 2019), demonstrating excellent test-retest reliability
for isokinetic strength measurements in the lower limbs (Parraca et al., 2022).

Cardiorespiratory Fitness

The exercise test maintains a crucial and integral position in cardiovascular medicine
due to its high yield of diagnostic, prognostic, and functional information (Gibbons et al.,
1997). Ramp testing, in particular, has gained popularity due to its ability to facilitate
individualization in accordance with exercise testing guidelines (Myers & Bellin, 2000). In
the study, specific protocols were implemented to cater to the unique needs of each gen-
der group. For males, the protocol involved a gradual increase of 1 watt every 5 seconds,
while for females, it followed a slightly different pace with a 1-watt increment every 6 sec-
onds. VO2max, a key indicator of cardiorespiratory fitness, can be reliably and effectively
determined during incremental (ramp) tests conducted on ergometers in the laboratory
(Friedmann-Bette, 2011). The measurement protocol initiated with a 2-minute warm-up at
30 watts on the ergoselect 200 (ergoline GmbH, Bitz, Germany). Throughout the test, par-
ticipants were required to maintain a cadence within the range of 60-80 rotations per minute,
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sustaining this pace until reaching maximum exhaustion. To guide participants, feedback
on the watts they were pedaling at was provided every 30 seconds. The participants were
motivated to exert their full effort until the point of exhaustion. Participant’s oxygen con-
sumption was measured using the Ergospirometer Ergostik (Geratherm Respiratory GmbH,
Bad Kissingen, Germany) with Blue Cherry program (version 1.2.2, Geratherm Respiratory
GmbH, Bad Kissingen, Germany). Consistent with existing literature, the analysis focused
on the maximal oxygen uptake (VO2max; Myers and Bellin, 2000).

Chair Stand Up Test

The performance in the Chair Stand Up Test (CST) has been demonstrated to have
a strong correlation with the risk of falls and hip fractures among older adults (Cawthon
et al., 2008). The CST serves as an assessment tool designed to evaluate the ability of
individuals to rise from a chair and subsequently sit back down. Additionally, the CST
provides insights into the lower body strength of individuals (Bennell et al., 2011). Partici-
pants were instructed to stand up from a standard chair with a height of approximately 43
cm to a fully extended standing position. During the test, participants folded their arms
across their chest. The objective was to complete as many chair stands as possible within
the 30-second time frame. The recorded outcome was the number of repetitions achieved
by each individual during the specified duration (Jones et al., 1999). The CST, extensively
employed in the target population, demonstrates good reliability and validity (Bennell et
al., 2011).

N-Back Task

A modified version of the categorical N-back task adapted from the work of Ciesielski
et al. (2006) as a classic (Kirchner, 1958) and widely used paradigm for studying working
memory (Yaple & Arsalidou, 2018) was employed. In a recent study conducted by Agbangla
et al. (2019), findings revealed a significant correlation between performance at higher load
N-Back levels and both age and maximal oxygen consumption (VO2max). To compensate
for expected age deficiencies in the sample, a continuous sequence of seven differently colored
squares in the center of the screen was used. The squares had the colors red, yellow,
blue, white, cyan, magenta, and green. The sequence was randomly determined and the
same across all participants. Each square was displayed for two seconds. In the event
that a participant issued a response before the full two-second interval had elapsed, the
subsequent square in the sequence was immediately presented. The experiment consisted of
three blocks of 50 stimuli with short breaks between each block. Participants were instructed
to respond whenever the current stimulus matched the one presented N positions back in
the sequence. The first block necessitated monitoring for a one-back position (N = 1),
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with subsequent blocks incrementing N sequentially. Participants were asked to respond as
quickly and accurately as possible. The experiment ended when the participants had either
completed all three blocks or a total of five minutes had passed. Consistent with established
evaluation protocols, performance was assessed by comparing reaction time and accuracy
across varying degrees of working memory load levels (Yaple & Arsalidou, 2018). Displays
were generated by a Lenovo T470s Laptop with a 14-in. (35.6 cm) FHD monitor, using
1920 * 1080 resolution graphics mode. Responses were entered via the laptop keyboard.
Participants viewed this display from a distance of about 50 cm and gave responses using
the Space Bar. The N-Back Task was run on PsychoPy (Version 2022.2.0).

Stroop Task

A computerized Stroop task paradigm was employed to measure the selective at-
tention and inhibition abilities of the participants (Stroop, 1935). I focused on an ink-color
& color-word incongruence task (described in Stroop, 1935) as it demonstrated robust age
effects of deteriorated inhibitory ability across a multitude of studies (Kwong See & Ryan,
1995). Furthermore, research has demonstrated that performance in a Stroop Task is not
only highly correlated with age but also with aerobic capacity, as measured by the maximal
oxygen consumption (VO2max), in elderly individuals (Barnes et al., 2003; M. P. van Box-
tel et al., 1997). Participants were asked to categorize the presented words based on their
ink color as quickly and accurately as possible. Participants completed two practice blocks
consisting of 20 trials each. They received feedback after every response (both trials) and
were shown the assigned keys at the top of the screen (first trial). For each trial, a single
stimulus was presented in the center of the screen and remained visible for two seconds,
after which the stimulus was erased. Directly after a response was recorded, the next stim-
ulus was presented. The three experimental blocks of 20 trials each were performed by the
participants with short breaks between each block. The first and third experimental blocks
consisted of a random series of four color words printed in congruent (first block) or in-
congruent (third block) ink colors. In the second experimental block, the participants were
shown a random series of four German function words printed in one out of four randomly
chosen ink colors. The experiment concluded after participants completed all five blocks or
a total of five minutes had elapsed. Consistent with the literature, inhibitory performance
was quantified by the difference of mean reaction time and accuracy of the incongruent to
the congruent experimental block (Sugg & McDonald, 1994). Displays were generated by a
Lenovo T470s Laptop with a 14-in. (35.6 cm) FHD monitor, using 1920 * 1080 resolution
graphics mode. Responses were entered via four marked keys on the Cedrus Response Pad
RB-740. Participants viewed this display from a distance of about 50 cm. The Stroop Task
was run on PsychoPy (Version 2022.2.0).
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Analytic Approach

The analyses were conducted with R (Version 4.3.2; R Core Team, 2023) for graphics
and data preparation & JASP (Version 0.17.3; JASP Team, 2023) for Bayesian modeling.
The analyses for this study were conducted using a Bayesian approach, a choice motivated by
the handling of small sample sizes, as Bayesian methods are recognized for their robustness
in situations involving limited data (Baldwin & Fellingham, 2013). Given that this study
primarily serves as a feasibility check for Jump HIIT in the elderly population and has a
pilot nature, the emphasis was placed on analyzing individual trajectories of participants
rather than relying on traditional group comparisons. All analyses will be reported following
the Bayesian Analysis Reporting Guidelines (BARG) as proposed by Kruschke (2021).

Assessment of Intervention Effects

An assessment of intervention effects was administered for all variables of interest in
the study. The analysis strategy aligns with the expectation that the intervention will lead
to improvements in various performance parameters. Upon visual examination, it became
evident that the parametric assumptions of a paired t-test, specifically the assumption
of Normality of Differences, were not met. In response to this, a non-parametric Wilcoxon
Signed Rank test (Wilcoxon, 1992) with 1000 Markov Chain Monte Carlo (MCMC) samples
was employed for the assessment of intervention effects in the analysis. Further visual
examination of the data led to the decision to utilize the default prior distribution provided
by JASP. This default prior distribution involves a Cauchy Distribution with a recommended
spread (r) 1/

√
2 and a location of 0 as suggested by van Doorn et al. (2020). This choice was

informed by the anticipated moderate variance in effect sizes. The selected prior distribution
aimed to strike a balance by allowing the capture of a broad range of effect magnitude indices
while avoiding an artificial biasing of results.

In the results, key metrics will be reported to convey the findings of the analysis.
These include the BF-0 (Bayes Factor), which quantifies evidence for the one-sided alter-
native hypothesis that the difference is smaller than 0 relative to the null hypothesis. The
BF-0 provides a measure of the strength of evidence supporting the specified hypothesis.
Conversely the BF0- provides a measure of the strength of evidence supporting the null
hypothesis and will be reported for variables where more evidence favoring the absence of
differences has been identified. In line with Harold Jeffreys’ scale for interpreting Bayes
factors, I assess the strength of evidence as follows: a Bayes factor (BF) between 1 and
3 suggests weak evidence, between 3 and 10 suggests moderate evidence, between 10 and
30 suggests strong evidence, and a BF greater than 30 suggests very strong evidence in
favor of the alternative hypothesis (Jeffreys, 1992; Kass & Raftery, 1995; Wagenmakers
et al., 2018). Additionally, the test statistic W will be provided to assess the strength of
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evidence for a difference in medians. Larger values of W suggest a greater sum of ranks
of positive differences, indicating that the first measurement tends to be larger than the
second measurement and vice versa (van Doorn et al., 2020; Wilcoxon, 1992). Convergence
of the Bayesian Signed Rank Test will be assessed using the Gelman-Rubin statistic. A
value close to 1 indicates convergence, suggesting that the Markov chains have reached a
stable distribution (Gelman & Rubin, 1992).

Bayesian Hierarchical Model

A Bayesian repeated measures-hierarchical linear model with simple contrasts (RM-
HLM; Eid et al., 2015; Singmann and Kellen, 2020) was used for the variables of interest
to assess the effect of a change in the Value of Effort on changes in physical and cognitive
abilities following the Jump HIIT intervention. RM-HLM provides significant advantages
over univariate analyses of variance with repeated measures, mainly because they have fewer
restricted assumptions concerning the structure of the variance-covariance matrix of the de-
pendent variable across measurement time points (Eid et al., 2015). Therefore, RM-HLM
was my preferred choice for the analysis. These models are well-suited for studies that in-
volve repeated measurements, with measurement times (Level-1) nested within individuals
(Level-2; Eid et al., 2015). In the RM-HLM analysis, time served as the primary indepen-
dent variable, allowing for an examination of change over time. Interpersonal differences,
specifically variations in the change of the Value of Effort, were considered at the second
level, and the inclusion of cross-level interaction terms further enhanced the adaptability
and versatility of these models in capturing complex patterns of change and individual dif-
ferences. Each participant’s individual abilities and changes over time were incorporated
into the model by including random slopes and random intercepts. However, the use of such
a model was only considered appropriate if there was evidence of a change in a variable in
the assessment of intervention effects in the first place. Models were only calculated and
reported if there was evidence that a systematic change had occurred. The assumptions
of RM-HLM proposed by Eid et al. (2015) and Garson (2013), specifically the normality
of residuals, homoscedasticity, and linearity, were assessed through visual examination in
both QQ-Plots and Residual Plots (as proposed by Frost, 2020). In the analysis, models
were executed utilizing the default prior distribution offered by JASP, which employs a
Normal Distribution with a recommended spread (r) of 2.5 and a location of 0 (Goodrich
et al., 2020). Consistently, all models were configured with the same parameters. These
parameters included 2000 iterations reserved for burn-in, a total of 4000 iterations, three
chains for each model, a target average acceptance probability (adapt delta) set at 0.97,
and a maximum of 10 trees evaluated during each iteration. To summarize the posterior of
variables, the computed estimates, along with standard errors and boundaries of the 95%
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confidence interval, will be reported. MCMC chain convergence will be assessed using R-hat
values, where a value close to 1 indicates convergence, signifying that the Markov chains
have reached a stable distribution (Gelman & Rubin, 1992). Additionally, MCMC chain
resolution will be evaluated using Effective Sample Size (ESS) as a measure of the effective
number of independent samples in Bayesian estimation (Gelman et al., 2014). A higher
ESS implies a more reliable estimate. For model fit assessment, both the Watanabe-Akaike
Information Criterion (WAIC; Watanabe, 2013) and the Leave-One-Out Cross-Validation
(LOO; Vehtari et al., 2017) will be reported, each with their respective standard errors.
While recognizing the limitations of existing information criteria, especially with smaller
sample sizes like in the present study, they provide some insight into the goodness of fit of
the models (Gelman et al., 2014; Vehtari et al., 2017). For both measures, a more negative
value and smaller standard error indicate better model fit (Vehtari et al., 2017; Watanabe,
2013). To assess the model fit, each model was compared against a model without the
nested within-individuals (Level-2) structure.

Results

Assessment of Intervention Effects

For all Assessments of Intervention Effects, the null hypothesis postulated that there
was no difference in scores between the base and follow-up-measurement, and therefore H0:
δ = 0. The one-sided alternative hypothesis, besides for the reaction time variables in the
cognitive tasks, stated that only negative values of δ were possible and assigned more prior
mass to values closer to 0 than extreme values. Specifically, δ was assigned a Cauchy prior
distribution with r = 1/

√
2 truncated to allow only negative effect size values. On the

contrary, in the reaction time variables, the alternative hypothesis stated that only positive
values of δ were possible.

Value of Physical Effort

For the Effort as Reward (EaR) subscale, Figure 1a showes that the Bayes factor
indicated evidence for the alternative hypothesis; specifically, BF-0 = 1,225. In combination
with the BF-0 factor, the test statistic W = 18.5 indicated a substantially higher Effort as
Reward Value in the Follow-Up than in the Baseline measurement. The R-hat Value of
1.001 showed great convergence of the MCMC chains. In the Value of Physical Effort scale,
no such evidence could be found. As quantified in the BF-0 = 0.189 and the corresponding
BF0- = 5.293, shown in Figure 1b and a W = 28.5. Again, an R-hat of 1.000 showed great
convergence. Figure 1c displayes the individual trajectories for each participant of the EaR
scores across timepoints.



INFLUENCE OF VALUE OF EFFORT ON HIIT 19

Physical Abilities

Results of the Wilcoxon Signed Rank test for all physical performance tests are
presented in Table 3. For the CMJ test, the Bayes Factor BF-0 = 1.215, W = 14.5,
and R-hat = 1.001 indicated evidence of improvement in the Follow-Up Measurement.
Participants on average jumped 0.235 m (±0.039) at baseline and 0.243 m (±0.038) after the
intervention. Similarly, the Chair Stand Up Test showed improvement, with a Bayes Factor
BF-0 = 29.620, W = 1.5, and R-hat = 1.008. An average of 18.67 (±6.67) repetitions were
registered at baseline, while after the intervention, participants reached an average of 22.36
(±6.38) repetitions. Detailed results of both rank sum tests and individual trajectories are
illustrated in Figure 2a & Figure 2b (CMJ) and Figure 2c & Figure 2d (CST) respectively.

Cognitive Abilities

There was substantial evidence in favor of the Null Hypothesis, indicating that no
change had occurred over time for the Success Rates in all Cognitive Tasks (see Table 4).
For the reaction time, both the Stroop Task with a BF+0 = 1.156 and W = 55, as well as
the 3-Back Task with a BF+0 = 1.482 and W = 56.5, showed evidence of improvement after
the intervention. Only in the 2-Back Task, there was strong evidence in favor of the H0,
suggesting that no change had occurred. All three rank sum tests had great convergence
with R-hat = 1.000. Detailed results of the rank sum tests and individual trajectories are
illustrated in Figure 3a & Figure 3c (RT Stroop) and Figure 3b & Figure 3d (RT 3-Back)
respectively. Please note that for the Stroop task, the Log (+1.5) transformed values instead
of the reaction time (RT) Difference in Seconds are depicted to enhance visibility.

Bayesian Hierarchical Model

In accordance with the stipulations delineated in the Methods section, this section
selectively incorporated variables for analysis within the framework of RM-HLM, focusing
exclusively on those with evidence of a systematic change following the intervention. Specif-
ically, the Change Scores of the EaR subscale were utilized, with the VoPE scale omitted
from consideration. Four different outcome variables were considered: performance metrics
of the CMJ and CST, as well as the RT elicited during the Stroop task and the 3-Back task.
During the modeling process, it became evident that the limited number of observations
precluded the computation of individual slope parameters. Consequently, the employed
model formula incorporated only random intercepts for each participant.

Counter Movement Jump

A summary of the posterior distribution of the model parameters for the fixed
effects can be found in Table 5. While the change from Baseline to Follow-Up only had an
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estimated effect of 0.1 cm with a 95% CI ranging from – 0.008 to 0.011, the Interaction
Term for Timepoint * Change Score of Effort as Reward had an estimated effect of 1.1
cm with a 95% CI ranging from 0.002 to 0.019. Therefore, the model indicated a linear
increase of 1.1 cm in CMJ for every unitary increment in Change Scores observed at the
Follow-Up timepoint. The model’s WAIC was -127.300 (±4.244), and the LOO estimate was
-121.726 (±5.714). A comparative analysis against an alternative model lacking the nested
within-individuals (Level-2) structure revealed superior overall model fit for the reported
model. Specifically, the alternative model exhibited a WAIC of -116.079 (±3.510) and a
LOO estimate of -112.811 (±4.072). The individual trajectories of participants, taking their
corresponding Change Scores into account, are visually represented in Figure 4.

Chair Stand Up Test

A summary of the posterior distribution of the model parameters for the fixed effects
can be found in Table 6. Notably, the only model parameter exerting a discernible influ-
ence on the number of repetitions in the CST was the Timepoint, manifesting a fixed effect
estimate of 2.743 (±1.178) repetitions, with a 95% CI spanning from 0.417 to 5.134. The
interaction effect, quantified at -0.900 (±1.116), lacked robust reliability, as evidenced by its
95% CI extending from -3.158 to 1.329. This wide-ranging confidence interval implied that
the effect could equally be positive or null, thus diminishing the reliability of the observed
interaction effect. The model’s performance was quantified through its WAIC, which stands
at 132.558 (±6.124), and the LOO estimate, recorded as 136.753 (±7.380). However, a com-
parative examination against an alternative model lacking the within-individuals structure
indicated minimal deviation in model fit. The latter model presented a WAIC of 131.883
(±6.748) and a LOO estimate of 136.253 (±8.598). The individual trajectories of partici-
pants, taking their corresponding Change Scores into account, are visually represented in
Figure 5.

RT Difference in Stroop Task

A summary of the posterior distribution of the model parameters for the fixed
effects can be found in Table 7. In this model, no parameter could be identified as having a
reliable influence on the reaction time difference between incongruent and congruent trials.
The interaction effect of Change Score in EaR and Timepoint registered at -0.240 (±0.545),
which indicated a potentially positive effect. However, the reliability of this effect was
challenged by the 95% CI, which ranges from -1,325 to 0,848. Concerning model fit, the
current model demonstrated comparable performance to an alternative model devoid of the
nested structure. The model in question yielded a WAIC of 109.791 (±17.309) and a LOO
estimate of 111.386 (±17.632). In contrast, the alternative model, which lacked the nested
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structure, reported a WAIC of 108.429 (±20.759) and a LOO estimate of 111.456 (±23.032).
The individual trajectories of participants, incorporating their respective Change Scores are
visualized in Figure 6. Please note that, the Log (+1,5) transformed values instead of the
RT Difference in Seconds are depicted to enhance visibility.

RT in 3 – Back Task

A summary of the posterior distribution of the model parameters for the fixed effects
can be found in Table 8. Despite all parameters suggesting a marginal positive effect, none
of them exhibited reliable significance when considering the associated Standard Errors and
95% CI. In this context, the model without the nested structure demonstrated superior per-
formance compared to the reported model. The former yielded a WAIC of -36,886 (±5,601)
and an estimated LOO score of -33,989 (±6,239). In contrast, the alternative model, devoid
of the nested structure, reported a WAIC of -40,788 (±5,712) and an estimated LOO score
of -38,461 (±6,203). The individual trajectories of participants, taking their corresponding
Change Scores into account, are visually represented in Figure 7.

Discussion

Key Insights

Value of Effort

The Bayes Factor BF-0 of 1.225 associated with the Effort as Reward variable in-
dicates weak or anecdotal evidence in support of the alternative hypothesis, suggesting an
increase in the perceived value of effort following the Jump HIIT Intervention. This out-
come implies that the observed data are approximately 1.2 times more probable under the
alternative hypothesis (H1) than under the null hypothesis (H0). In contrast, the Bayes
Factor BF0- of 5.293 for the Value of Physical Effort scale suggests that the data are 5.29
times more likely to occur under H0, indicating no significant alterations during the inter-
vention. Consequently, I infer that no discernible changes in the trait value of effort have
transpired through the intervention. However, the more change-sensitive state measure of
prospective and retrospective Effort as Reward indicates an effect of the Jump HIIT In-
tervention on participants’ valuing of effort. To specify, it is plausible that the repeated
pairing of high effort exertion with rewards has enhanced the perceived value of effort itself.

Physical Abilities

The Bayes Factor BF-0 of 29.619 linked to the repetitions in the Chair Stand Up
Test offers strong evidence, on the Jeffreys scale, of an increase in performance at follow-up.
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This strong evidence implies that the observed data are decisively more likely to occur un-
der the alternative hypothesis, indicating a notable improvement in performance. Likewise,
a positive effect, albeit with weak or anecdotal evidence, was observed for maximum jump
height during the CMJ Follow-Up, with a Bayes factor BF-0 of 1.215. This suggests that
the observed data are approximately 1.2 times more likely to be in line with the alternative
hypothesis. No systematic evidence of enhanced performance in other physical ability vari-
ables was found. Nonetheless, the observed increase in CMJ height and repetitions in the
CST holds great importance. The direct similarity in movement between these tasks and
the Jump HIIT Intervention renders it plausible that positive effects would be most readily
detectable in these specific metrics. Furthermore, the CST’s explicit focus on assessing the
risk-mitigated relevance of falls within participants’ everyday life underscores the practical
significance and impact of the Jump HIIT Intervention on enhancing participants’ physical
ability, particularly in contexts relevant to their daily functioning and fall prevention.

Cognitive Abilities

Similar to the more indirect physical performance measures, the anticipated increase
in cognitive abilities relies on indirect effects resulting from enhanced cardiorespiratory
fitness and a broadened valuation of effort across domains induced by the Jump HIIT.
Given these indirect pathways and the small sample size inherent in the pilot and feasibility
study design, it appears plausible that evidence for systematic effects across participants
may be obstructed. Across all cognitive tests, there was no discernible effect on success rates
observed across different timepoints. However, the presence of weak or anecdotal evidence
for a quicker reaction time in both the Stroop Interference Task and the 3-Back Task, while
inconclusive, provides some positive indications. This suggests that, albeit tentatively, the
Jump HIIT Intervention may exert a positive influence on cognitive abilities, even though
conclusive evidence is limited by the study’s inherent constraints.

Bayesian Hierarchical Model

As previously stated in the methods section, models were computed only for vari-
ables with indication of systematic improvement over time. Consequently, the change in
Effort as Reward was integrated into the nested, second level, within-person structure.
Furthermore, to test the hypothesis positing that a positive change in the valuing of effort
correlates with improvements in physical and cognitive abilities among participants, mod-
els were constructed to predict performance across variables wherein evidence of heightened
performance was discerned. Specifically, the CMJ and Chair Stand Up Test emerged as
representative of physical abilities, while the reaction time in the Stroop and 3-Back Task
was selected as indicative of cognitive abilities.
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The CMJ prediction model presented strong support for the hypothesis, displaying
a linear increase of 1.1 cm in CMJ for each unitary increment in change scores observed at
the Follow-Up timepoint. Of particular importance, no reliable estimates were observed for
either Change Score or Timepoint alone, emphasising the relevance of the interaction term.
This alignment with the hypothesis suggests that an increase in the valuation of effort may
enhance the efficacy of the Jump HIIT intervention through mechanisms hitherto described
exclusively in the cognitive effort literature. Such processes include the propensity to engage
in more effortful leisure tasks (Therriault et al., 2015) and a reduced need for external
incentives to motivate oneself for high-effort exertion (Sandra & Otto, 2018) in individuals
with a higher valuation of cognitive effort. Additionally, the corroborative findings of Hess
et al. (2012), specifically that a greater change in the value of cognitive effort (measured by
the change in Need for Cognition), predicted heightened cognitive abilities in a longitudinal
study design, lend further support to this premise. Extending this rationale to the physical
domain, I posit that participants experiencing an increase in the valuing of physical effort
may exhibit similar behavioural patterns. This, in turn, offers a plausible explanation for
the heightened benefits of the intervention, as heightened willingness to exert effort could
amplify the anticipated effects of the intervention.

Despite the promising effects observed in the CMJ model, the findings from the
remaining models present a mix of results. Specifically, the models for reaction time in
the cognitive tests suggested a positive interaction effect, while the model for the CST
indicated a contrasting, negative effect. However, a commonality among all these models
is the presence of high standard errors and wide 95% CIs, rendering reliable statements
about effect size and direction challenging. These limitations are presumably attributed,
once again, to the inherent low statistical power stemming from the study’s small sample
size. My findings suggest that the most reliable effects are observed in tasks closely related
to the Jump HIIT Intervention, while weaker or no effects are noted for tasks indirectly
influenced by the exercises. This pattern indicates that valuing of effort is more pronounced
in tasks closely resembling the original effort type.

General Discussion

In this study, preliminary evidence elucidating the moderating role of the Value of
Physical Effort in the effectiveness of a 12-week Jump HIIT Intervention among older adults
has been assembled. The results suggest that this novel training intervention is not only
feasible for this demographic but also holds promise as an moderately effective training
intervention for augmenting the physical fitness of the target population. As extensively
discussed earlier, the outcomes for physical fitness variables presented mixed results. It
is noteworthy that the two variables most closely aligned in movement with the Jump
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HIIT Intervention yielded the most promising indications of effectiveness, aligning with
expectations for a pilot study. While acknowledging the mixed results, the Jump HIIT
Intervention appears promising as an exercise intervention. Its feasibility for older adults,
coupled with observed beneficial effects on select physical performance variables, suggests
a potential avenue for enhancing physical fitness in this demographic.

Moreover, my investigation revealed an increase in the state-based measure of value
of physical effort over the course of the intervention, thus partially substantiating the core
hypothesis. This supports the notion of an augmented value of physical effort through
repeated experiences of high efforts coupled with rewards. Although the training inter-
vention did not induce significant changes in the more trait-based scores of the Value of
Physical Effort (VoPE) scale, the Effort as Reward (EaR) subscale of the Role of Effort
scale, which is more sensitive to change and reflects a state-based assessment, did align with
my hypothesis. This preliminary evidence suggests that the Value of Effort, much like its
cognitive counterpart, the Need for Cognition, is a modifiable construct that can be influ-
enced through reinforcement learning (Hess et al., 2012; H. Lin et al., 2021). Although this
study provides initial insights into the relationship and modifiability of the value of physical
effort, it is necessary to conduct further research to clarify the underlying mechanisms and
specific conditions conducive to its modification. I propose the Theory of Learned Industri-
ousness as a probable mechanism, informed by the literature and supported by the evidence
presented here.

Regarding the influence of the value of physical effort on the physical fitness, my
findings suggest that a positive change in valuing of effort can potentially serve as a mod-
erator in the training success achieved through the intervention. A positive change in the
value of physical effort was associated with higher jump height in the CMJ. Despite the
non-uniformity of effects across all models, with the CMJ model yielding the most reliable
results and the model for the CST providing inconclusive evidence, the gathered evidence
suggests that a positive change in the valuing of effort can potentially exert a beneficial in-
fluence over the effectiveness of a Jump HIIT Intervention. This aligns with my hypothesis
that a positive change in the valuing of physical effort is linked with greater intervention
effects, resembling the findings within the cognitive domain. These parallels further sup-
port the notion that the two constructs, although distinct in the domain, are closely linked
regarding underlying processes and phenomena.

The cognitive tasks yielded inconsistent findings, and no compelling evidence was
found for the assessment of intervention effects. While reaction time provided the most
promising indication of a positive change among the cognitive measures, no reliable ev-
idence was uncovered. In the RM-HLM analysis, where a shorter reaction time on the
3-Back task and improved inhibitory abilities, as indicated by the time difference between
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congruent and incongruent trials on the Stroop task, were associated with a higher change
in the value of physical effort, the variance of parameter estimates was so substantial that
it cannot be ruled out that the true effect is simply zero. Typically, both success rate and
reaction time (differences) are considered when assessing the N-Back and Stroop Task (Sugg
& McDonald, 1994; Yaple & Arsalidou, 2018). The presented evidence, alongside its inher-
ent uncertainty due to high variability in parameter estimation, should be approached with
caution, providing only a slight positive indication of improvement in cognitive abilities.
These inconsistent patterns align with the literature on the across-domain generalization
of the valuing of effort, where, despite the theoretical relatedness of both constructs, no
decisive evidence for or against across-domain generalization has been established (Busta-
mante et al., 2014; Chong et al., 2018; Wolff et al., 2023). Hence, I advocate for further
investigations into across-domain generalization, employing new paradigms to directly test
the hypothesis that a greater valuing of effort in one domain is associated not only with im-
proved performance in that domain but also with a domain-unspecific performance increase.
From the preliminary evidence in this study, it appears that, despite the hypothesized gen-
eralization, the magnitude of the moderating influence may differ between within-domain
and across-domain effects.

Limitations

This study was planned and executed as a feasibility pilot study, aimed at assessing
the viability of the newly developed Jump HIIT Intervention among older adults. The prin-
cipal objective was to gain preliminary insights into the feasibility of this physical exercise
intervention, with the ultimate goal of determining whether a full randomized control trial
study is warranted. Given the piloting nature of both the Jump HIIT Intervention and the
examination of the value of physical effort in this context, a myriad of challenges had to
be navigated. The pilot design, involving a modest cohort of 17 participants at the study’s
inception, presented a distinct challenge as statistical power, particularly in scenarios in-
volving smaller effects or greater variability between participants, could become a limiting
factor. To mitigate this concern, I strategically employed a Bayesian approach, recognized
for its advantages in addressing challenges associated with small sample sizes (Baldwin &
Fellingham, 2013). Additionally, my emphasis on individual trajectories, both in the visual-
ization of results and within the RM-HLM framework, served as a complementary strategy
to navigate the inherent limitations of the study’s design.

The age of the cohort, coupled with entirely voluntary participation without the
prospect of compensation, introduced the potential for dropout to serve as a confounding
factor. As anticipated, five participants were unable to complete the study, representing an
approximate dropout rate of 30%. While no consistent pattern for dropouts were revealed,
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with participants attributing reasons such as unrelated health issues, including instances
of Covid-19 infection, it remains a possibility that the high dropout rate could impact the
conclusiveness of the study’s results.

In terms of the study design, it is acknowledged that certain challenges related to
the research questions persist. Given the primary focus of this study on feasibility as-
sessment, some aspects related to the investigation of Learned Industriousness were not
incorporated at the study’s inception due to considerations at that time. The Learned In-
dustriousness Theory posits that through the repeated pairing of high effort exertion and
rewards, effort itself can become a secondary reinforcer and, consequently, can be valued
in its own right (Eisenberger, 1992). My hypotheses are grounded in this theory, assert-
ing that participants will perceive the Jump HIIT intervention as both highly physically
effortful and rewarding. While the assumption regarding the perceived effort is supported
by existing literature (Borg, 1982; Kramer et al., 2019; Robertson & Noble, 1997), an ideal
study design would have included measures such as self-reports or physiological assessments
to ensure that participants’ experiences align with these assumptions. For future studies,
I recommend implementing a self-report utilizing the Rate of Perceived Exertion scale de-
veloped by Borg (1982). This scale prompts participants to rate their perceived exertion
on a scale from 6 to 20, with verbal anchors ranging from ”no exertion at all” (equals 6) to
”maximal exertion” (equals 20). The scale, revised and translated into German (Löllgen,
2004), has demonstrated reliability, even among older adults (Löllgen, 2004), and exhibits
high reliability across various age cohorts and physical tasks (Haddad et al., 2017). Fur-
thermore, it has been established that physiological markers, such as heart rate, serve as
reliable indicators of perceived exertion and exhibit a strong correlation with self-reported
responses (Borg, 1982; Robertson & Noble, 1997). Incorporating these measures in fu-
ture studies would enhance the comprehensiveness and validity of the investigation into
participants’ experiences during physical exertion. Additionally, the perception of rewards
associated with the Jump HIIT, although grounded in a reasonable assumption supported
by literature (Berg et al., 2015), could be further validated in future study designs by in-
corporating a self-report measure to confirm the accuracy of these assumptions. Currently,
to the best of my knowledge, no questionnaire directly assessing the rewards people experi-
ence during a task has been published. However, it would be feasible to adapt an existing
questionnaire, such as the Physical Activity and Leisure Motivation scale (PALMS), which,
in its original form, evaluates motives for participating in physical activity. The modifica-
tion could involve querying participants to what extent they perceive the different aspects
covered by the PALMS, specifically, mastery, enjoyment, psychological condition, physical
condition, appearance, others’ expectations, affiliation, and competition/ego—as rewarding
(Molanorouzi et al., 2014). In summary, I advocate for future research endeavours in the
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field of Learned Industriousness to not only replicate this study design but also to enhance
certain aspects. Specifically, I recommend incorporating checks to validate assumptions
about perceived effortfulness and rewards during the intervention. This refinement aims
to bolster the explanatory power and validity of the conclusions drawn from the study,
contributing to a more robust understanding of the interplay between effort valuation and
physical exercise interventions.

Exploring the differing functions of effort, as delineated by Stähler et al. (2023),
could offer valuable insights into the efficacy of a Jump HIIT intervention. A more in-
depth analysis of individual trajectories pertaining not only to effort as reward but also to
effort as instrument and effort as value added has the potential to enhance the understand-
ing of the development of a value of physical effort and the underlying mechanisms. Such an
investigation may further illuminate the dynamic interplay among these various functions
of effort, their temporal evolution, and their impact on the effectiveness of a Jump HIIT
intervention. Unfortunately, the exploration of this intriguing research question was con-
strained by the limitations in sample size delineated earlier and the anticipated complexity
of the relationships. However, it is recommended that future investigations in the realm of
the Value of Effort delve into these intricate relationships to advance the comprehension of
the nuanced influences exerted by the different functions of effort, their temporal dynamics,
and their collective effect on the effectiveness of Jump HIIT interventions.

While the study design incorporated yields exceptional generalizability due to the
field study nature of the Jump HIIT conduction, characterized by a single explanatory
session in the laboratory at the study’s initiation and subsequent exercises executed at
participants’ discretion with only a printed training plan for oversight, these design choices
might hinder the emergence of greater intervention effects in the domain of value of physical
effort. This limitation can be attributed to variability in the execution of exercises and the
true total training volume. The design choices were rationalized within the context of the
study’s focus on assessing the feasibility of the Jump HIIT Intervention with aspirations for
broad applicability among elderly individuals. However, they may obscure potential evi-
dence for the questions addressed in this paper. While direct testing in the application area
is valuable for the meaningfulness of the findings, a more controlled laboratory setting could
be advantageous for investigating potential small effect sizes and laying a solid foundation
for further research in this novel field. In a controlled laboratory study, the direct rewarding
of high effort, such as with monetary incentives, would be feasible, potentially enhancing
the learning process as described in the Learned Industriousness Theory. Reducing reliance
on indirect rewards, as anticipated in this study (e.g., opportunities for social interaction
and hedonic rewards), could be particularly beneficial for generalizing effort valuing across
tasks within a domain and across domains.
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The field study character of the Jump HIIT Intervention in this study also in-
troduced variability and potential unreliability in the data regarding the training load of
participants. Since the training load was monitored solely through self-reporting, wherein
participants recorded the number of minutes spent on each training session on the planning
sheet, there is a possibility that some participants provided socially desirable information.
Furthermore, the available data, even when not confounded, displayed significant variability
in the total training load among participants, indicating that not everyone experienced the
same opportunities for high effort & reward coupling. Although a comprehensive analysis
of the effect of total training load was conducted by Campoverde (2023) in his Master’s
Thesis and will not be elaborated upon here, it is noteworthy that total training load could
potentially serve as a confounding factor, both in assessing the overall effectiveness of the
Jump HIIT Intervention and in relation to the Value of Physical Effort.

Conclusion

In conclusion, I contend that the evidence collected in this pilot study, while prelim-
inary due to the Limitations delineated above, lends support to the notion that the Value
of Physical Effort could serve as a moderator for the effectiveness of a training intervention
aimed at enhancing physical and potentially cognitive abilities in the elderly. The findings
revealed not only the potential for an augmentation in the Value of Physical Effort during
a Jump HIIT intervention but also indicated that such an increase could yield potentially
beneficial effects on the intervention’s effectiveness. The RM-HLM analysis demonstrated
a higher jump height in individuals exhibiting a positive change in the Effort as Reward
subscale. Furthermore, the results presented preliminary evidence suggesting an improved
reaction time in certain cognitive tasks associated with an increase in the Value of Physical
Effort. This perspective is particularly relevant in addressing the associated health risks
linked to decreased functionality of the lower limbs, diminished Cardiorespiratory Fitness,
and Cognitive Impairment. Consequently, I advocate for further research in the field of the
Value of Physical Effort to comprehensively understand the construct and incorporate it
into broader frameworks for planning and conducting health-related physical fitness inter-
ventions. The incorporation of such an approach could potentially contribute to a more
nuanced comprehension of the comparatively unsatisfactory longevity and smaller effect
sizes observed in exercise interventions and meta-reviews (Alessy et al., 2023; Brasure et
al., 2018; van der Bij et al., 2002). This, in turn, has the potential to not only enhance
the understanding of human perceptions of effort but also directly inform applications in
health and sport psychology.
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Table 1

Value of Physical Effort (VoPE) scale
Item code Item text

VoPE01 Ich habe großen Spaß an Aktivitäten, die körperliche Anstrengung er-
fordern.

VoPE02 Ich bevorzuge körperlich anstrengende Aktivitäten gegenüber
sportlichen Aktivitäten, die ohne größere Anstrengung bewältigt
werden können.

VoPE03 Die Vorstellung, mich beim Sport körperlich anzustrengen, reizt mich.

VoPE04 Es macht mir Spaß, mich bei einer sportlichen Aktivität körperlich
anzustrengen, selbst wenn es keinen Einfluss auf das Ergebnis hat.

Note. Item text provided in original German version, as it was used in the Study.
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Table 2

Role of Effort (RoE) scale
Itemcode Prospective Retrospective

RoE01 Ich freue mich darauf, mich anzus-
trengen, weil ich die Anstrengung
genießen werde.

Im Nachhinein mag ich es, dass
ich mich angestrengt habe, weil ich
die physische Anstrengung wirklich
genossen habe.

RoE02 Ich freue mich darauf, mich anzus-
trengen, weil ich Anstrengung mag.

Im Nachhinein mag ich es, dass ich
mich völlig verausgaben konnte.

RoE03 Ich freue mich drauf, mich anzus-
trengen, da es mir hilft meine Ziele
zu erreichen.

Im Nachhinein mag ich es, dass ich
mich angestrengt habe, weil es mir
hilft meine Ziele zu erreichen.

RoE04 Ich freue mich darauf, mich anzus-
trengen, weil es sich lohnen wird.

Im Nachhinein bin ich zufrieden,
dass ich mich angestrengt habe, weil
es sich gelohnt hat.

RoE05 Ich freue mich darauf, mich anzus-
trengen, weil Anstrengung meine
Erfolge versüßt.

Im Nachhinein mag ich es, dass
ich mich angestrengt habe, weil die
Anstrengung meinen Erfolg versüßt.

RoE06 Ich freue mich darauf, mich anzus-
trengen, weil es mir hilft meine Er-
folge zu schätzen.

Je mehr ich mich angestrengt habe,
desto mehr kann ich jetzt im Nach-
hinein meine Erfolge feiern.

Note. Item text provided in original German version, as it was used in the Study. The
Effort as Reward subscale is composed of the items RoE01 and RoE02. The Effort as
Instrument subscale comprises the items RoE03 and RoE04. The Effort as Value Added
subscale encompasses the items RoE05 and RoE06.
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Figure 1

Overview Assessment of Intervention Effects for Value of Effort scales

Note. (a) EaR & (b) VoPE: Results of a one-sided Bayesian signed rank test for the
parameter δ. The probability wheel on top visualizes the evidence that the data provide for
the two rival hypotheses. The dashed line indicates the Cauchy prior with scale r = 1/

√
2.

The two grey dots indicate the prior and posterior ordinate at the point under test in this
case δ = 0. The ratio of the ordinates gives the Bayes factor. (c) EaR: Raincloud Plot
illustrating the distribution of EaR scores at Baseline and Follow-Up. Density plots provide
a visual representation of the data distribution. Individual trajectories (black lines) depict
the change in EaR scores for each participant across timepoints.
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Table 3

Bayesian Wilcoxon Signed-Rank Test for Physical Abilities
Baseline Follow-Up BF−0 W Rhat
Base CMJ - Post CMJ 1.215 14.500 1.001
Base R-KneeExt - Post R-KneeExt 0.817 27.000 1.001
Base L-KneeExt - Post L-KneeExt 0.182 52.000 1.000
Base R-KneeFlx - Post R-KneeFlx 0.393 37.000 1.000
Base L-KneeFlx - Post L-KneeFlx 0.177 52.000 1.000
Base VO2max - Post VO2max 0.287 37.000 1.001
Base CST - Post CST 29.620 1.500 1.008

Note. Bayesian Wilcoxon Signed-Rank Test results for all physical fitness mea-
sures at Baseline and Follow-Up. The Bayes Factor (BF−0) indicates the evidence
against the null hypothesis. W represents the test statistic, and Rhat is the poten-
tial scale reduction factor for assessing convergence in the Bayesian analysis. For
all tests, the alternative hypothesis specifies that Baseline is less than Follow-Up.
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Figure 2

Overview Assessment of Intervention Effects for Physical Abilities

Note. (a) CMJ & (b) CST: Results of a one-sided Bayesian signed rank test for the param-
eter δ. (c) CMJ & (d) CST: Raincloud Plot illustrating the distribution of maximal jump
height/ repetitions at Baseline and Follow-Up. See Figure 1 for a detailed description.
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Table 4

Bayesian Wilcoxon Signed-Rank Test for Success Rates of Cognitive Tasks
Baseline Follow-Up BF−0 W Rhat
Base Stroop Suc - Post Stroop Suc 0.374 28.000 1.000
Base 2-Back Suc - Post 2-Back Suc 0.289 35.000 1.000
Base 3-Back Suc - Post 3-Back Suc 0.103 56.000 1.008

Note. Bayesian Wilcoxon Signed-Rank Test results for success rates of cognitive
tasks at Baseline and Follow-Up. See Table 3 for a detailed description.
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Figure 3

Overview Assessment of Intervention Effects for Cognitive Abilities

Note. (a) Stroop & (b) 3-Back: Results of a one-sided Bayesian signed rank test for the
parameter δ. (c) Stroop & (d) 3-Back: Raincloud Plot illustrating the distribution of Log
(+1,5) transformed RT Difference/ RT at Baseline and Follow-Up. See Figure 1 for a
detailed description.
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Table 5

Fixed Effects Estimates for Counter Movement Jump regression model
95% CI

Term Estimate SE Lower Upper R-hat ESS
Intercept 0.240 0.012 0.217 0.263 1.000 1708.817
Timepoint (1) 0.001 0.005 −0.008 0.011 1.000 3751.123
Change Scores −7.931 × 10−4 0.011 −0.022 0.021 1.001 1484.833
Timepoint (1) * Change Scores 0.011 0.004 0.002 0.019 1.000 3982.091

Note. Estimates represent the effect of each term on the response variable, with standard
errors (SE) and 95% confidence intervals (CI) provided. R-hat is the potential scale re-
duction factor, and ESS is the effective sample size, indicating convergence in the Bayesian
analysis.
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Figure 4

Trajectory Plot Counter Movement Jump

Note. Trajectory Plot illustrating the distribution of maximum jump height at Baseline and
Follow-Up. Individual trajectories depict the change in performance for each participant
across timepoints.The color gradient reflects the Change Scores of EaR.
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Table 6

Fixed Effects Estimates for the Chair Stand Up Test regression model
95% CI

Term Estimate SE Lower Upper R-hat ESS
Intercept 21.081 1.934 17.215 24.893 1.000 2045.567
Timepoint (1) 2.743 1.178 0.417 5.134 1.001 5138.272
Change Scores −1.605 1.862 −5.295 2.019 1.003 1945.062
Timepoint (1) * Change Scores −0.900 1.116 −3.158 1.329 1.000 5725.112

Note. See Table 5 for a detailed description.
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Figure 5

Trajectory Plot Chair Stand Up Test

Note. Trajectory Plot illustrating the distribution of number of repetitions in the CST at
Baseline and Follow-Up. See Figure 4 for a detailed description.
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Table 7

Fixed Effects Estimates for the RT Differences Stroop regression model
95% CI

Term Estimate SE Lower Upper R-hat ESS
Intercept 0.693 0.539 −0.402 1.755 1.001 3387.272
Timepoint (1) −0.615 0.591 −1.793 0.583 1.000 5737.915
Change Scores 0.237 0.491 −0.745 1.203 1.000 4173.658
Timepoint (1) * Change Scores −0.240 0.545 −1.325 0.848 1.000 5521.988

Note. See Table 5 for a detailed description.
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Figure 6

Trajectory Plot RT Difference in Stroop Task

Note. Trajectory Plot illustrating the distribution of Log (+1,5) transformed RT Differences
in the Stroop task at Baseline and Follow-Up. See Figure 4 for a detailed description.
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Table 8

Fixed Effects Estimates for the RT 3-Back regression model
95% CI

Term Estimate SE Lower Upper R-hat ESS
Intercept 0.673 0.036 0.603 0.745 1.001 3089.254
Timepoint (1) −0.029 0.029 −0.088 0.028 1.000 6143.939
Change Scores −0.002 0.033 −0.068 0.063 1.000 3114.780
Timepoint (1) * Change Scores −0.003 0.027 −0.057 0.049 1.000 6063.035

Note. See Table 5 for a detailed description.
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Figure 7

Trajectory Plot RT 3-Back Task

Note. Trajectory Plot illustrating the distribution of reaction times in the 3-Back task at
Baseline and Follow-Up. See Figure 4 for a detailed description.
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Appendix A

Exercises in the Jump HIIT Intervention
Exercise Description

Counter Movement Jump Jumped squats, downward movement serves as a lunge
for subsequent jump, land, and directly next jump.

Tappings Quick sprint on the spot, quickly alternating feet off
the ground a few centimeters.

Alternating jumps Similar as lunges but jumped foot change.

Small dropout steps Arms on hips or swing along, step forward with one
leg, push off and return to starting position, then step
forward with the other leg.

Climbing movement Extend one arm upward, pull diagonal knee upward:
alternate arms and legs.

Quick squats Stand hip-width apart, support your arms on your
hips, perform vigorously and do not go too low.

Skippings Similar as running on the spot, while pulling the knees
further up; swinging arms along with them.

Running on the spot Jogging, arms swinging along.

Note. This Table is adapted from Campoverde (2023).
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Appendix B
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