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ABSTRACT

The recent inclusion of climbing in the 2020 Olympic Games has sparked a growing
scientific interest in the sport in recent years, particularly concerning determinants of
sports performance. While numerous studies underscore the influence and significance of
psychological aspects on climbing performance, there remains a pressing need for further
research in this area. To address this knowledge gap, the general aim of the present Ph.D.
Thesis was to enhance understanding of psychological parameters within cognitive,
emotional, and brain activity domains among climbers of different levels, from
recreational to elite, specifically examining how these factors interrelate and contribute

to climbing performance.

Within the framework of the C-HIPPER project ("Climbing High Performance
International Project™) four studies were conducted, along with an invention, involving
136 climbers (60 women), with levels ranging from 5+ to 8b+ on the French scale. Study
I, examined the attentional capacity in 35 (10 women) climbers, employing the
Determination Task and the Signal Detection Task. Study I, evaluated the working
memory capacity in 28 (5 women) climbers, using the eCorsi task, and the hemodynamic
responses of the prefrontal cortex recorded via Near-Infrared Spectroscopy (NIRS). An
Invention, now patented, introduced a system for training working memory and climbing
technique. Study I11 assessed emotional intelligence in 42 (14 women) climbers, using
the Schutte Self Report Emotional Intelligence Test (SSEIT) and the Mayer-Salovey-
Caruso Emotional Intelligence Test (MSCEIT). Lastly, Study IV implemented a
psychological intervention addressing emotional regulation in 11 women with fear of

falling, evaluating anxiety and interoceptive awareness through the Competitive State
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Anxiety Inventory-2 (CSAI-2 R) and the Multidimensional Assessment of Interoceptive

Awareness (MAIA) questionnaire, respectively, across Training and Control groups.

The main results derived from these studies suggest that i) greater attentional control in
high-level climbers compared to lower-level climbers (Study I); ii) an inverse relationship
between WM capacity and climbing level, with age, gender, educational level, and
climbing experience as significant predictors (Study II); iii) variation in prefrontal cortex
hemodynamic reflecting differences in WM capacity between expert and elite climbers
(Study II); iv) significant differences in prefrontal cortex hemodynamics between men
and women present, despite similar WM capacity (Study II); v) the development of a
novel system for WM and technique training in climbing (Invention); vi) differences in
emotional intelligence as an ability, specifically in a person's ability to use emotions
effectively to facilitate cognitive thinking, among climbers of different levels (Study III);
vii) no significant differences in trait emotional intelligence between climbers of different
levels (Study III); viii) significant differences in trait emotional intelligence between men
and women (Study III); ix) a psychological intervention induced improvements in lead
climbing level and interoceptive awareness, and reduced anxiety in women with fear of
falling (Study IV).

In general, the findings of this Ph.D. Thesis indicate that differences among climbers of
different levels in cognitive functions, such as attention and WM, as well as in the
emotional domain, in EI and emotional regulation, may play a crucial role in climbing

performance.
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RESUMEN

La reciente inclusion de la escalada en los Juegos Olimpicos de 2020 ha generado un
creciente interés cientifico en el deporte en los ultimos afios, especialmente en lo que
respecta a los determinantes del rendimiento deportivo. Si bien numerosos estudios
destacan la influencia y la importancia de los aspectos psicologicos en el rendimiento en
escalada, todavia existe una necesidad apremiante de mas investigacion en esta area. Para
abordar esta brecha de conocimiento, el objetivo general de la presente tesis doctoral fue
aumentar el conocimiento sobre diversos dominios cognitivos, emocionales y de

actividad cerebral entre escaladores de diferentes niveles, desde recreativos hasta é€lite.

Dentro del marco del proyecto C-HIPPER ("Climbing High Performance International
Project"), se llevaron a cabo cuatro estudios, asi como una invencién, que involucraron a
136 escaladores (60 mujeres), con niveles que van desde 5+ hasta 8b+ en la escala
francesa. El Estudio I examind la capacidad de atencion en 35 escaladores (10 mujeres)
utilizando la Tarea de Determinacion y la Tarea de Deteccion de Senales. El Estudio 11
evalud la capacidad de memoria de trabajo en 28 escaladores (5 mujeres) utilizando la
tarea de eCorsi, y se registraron las respuestas hemodinamicas de la corteza prefrontal
mediante espectroscopia de infrarrojo cercano (NIRS). El Estudio III evalud la
inteligencia emocional en 42 escaladores (14 mujeres) utilizando el Test de Inteligencia
Emocional de Schutte (SSEIT) y el Test de Inteligencia Emocional de Mayer-Salovey-
Caruso (MSCEIT). Una Invencion, ahora patentada, introdujo un sistema para entrenar
la memoria de trabajo y la técnica de escalada. Por ltimo, el Estudio I'V implement6 una
intervencion psicolédgica dirigida a la regulaciéon emocional en 11 mujeres con miedo a
caer, evaluando la ansiedad y la conciencia interoceptiva a través del Inventario de

Ansiedad Competitiva-2 (CSAI-2 R) y el cuestionario de Evaluacion Multidimensional
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de Conciencia Interoceptiva (MAIA), respectivamente, en grupos de Entrenamiento y

Control.

Los principales resultados derivados de estos estudios sugieren que: i) hay un mayor
control atencional en escaladores de alto nivel en comparacion con escaladores de nivel
inferior (Estudio I); ii) existe una relacion inversa entre la capacidad de memoria de
trabajo y el nivel de escalada, siendo la edad, el género, el nivel educativo y la experiencia
en escalada predictores significativos (Estudio II); iii) hay variacion en la hemodinamica
de la corteza prefrontal que refleja diferencias en la capacidad de memoria de trabajo
entre escaladores expertos y élite (Estudio II); iv) existen diferencias significativas en la
hemodindmica de la corteza prefrontal entre hombres y mujeres presentes, a pesar de una
capacidad de memoria de trabajo similar (Estudio II); v) existen diferencias en la
inteligencia emocional como habilidad, especificamente en la capacidad de una persona
para utilizar las emociones de manera efectiva para facilitar el pensamiento cognitivo,
entre escaladores de diferentes niveles (Estudio III); vi) no hay diferencias significativas
en la inteligencia emocional como rasgo entre escaladores de diferentes niveles (Estudio
IIT); vii) existen diferencias significativas en la inteligencia emocional como rasgo entre
hombres y mujeres (Estudio III); viii) se desarrolld6 un nuevo sistema para el
entrenamiento de la memoria de trabajo y la técnica de escalada (Invencion); ix) una
intervencion psicoldgica provocd mejoras en el nivel de escalada en liderazgo y en la
conciencia interoceptiva, asi como una reduccion de la ansiedad en mujeres con miedo a
caer (Estudio IV).

En general los hallazgos de la presente Tesis Doctoral indican que diferencias entre
escaladores de distinto nivel en funciones cognitivas, como la atencion y la memoria de
trabajo, asi como en el dominio emocional, en inteligencia emocional y regulacion

emocional, pueden desempefiar un papel crucial en el rendimiento en la escalada.
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THEMATIC JUSTIFICATION OF THE THESIS

In recent years, climbing has experienced a notable increase in popularity, both among
enthusiasts and elite athletes. This surge in climbing practice has stimulated renewed
interest in the scientific community, which seeks to understand the various physiological
and psychological aspects involved in this complex sport. Specialized literature published
in recent years indicates that climbing is a sport that presents high emotional demands,
particularly induced by high levels of anxiety (Balas et al., 2017; Hodgson et al., 2009).
Moreover, it has been demonstrated that climbing requires a significant demand for
attention (Nieuwenhuys et al., 2008), influenced by the difficulty of the route (Bourdin et
al., 1998), and that WM is a cognitive function implicated in the process (Green & Helton,
2011), which in some way relates to attention. Given the complexity of both the human
brain and human behavior, along with the uniqueness of climbing, the study of cognitive

and emotional processes in this sport presents itself as a challenging task.

The present Ph.D. Thesis is part of the "C-HIPPER Project" (Physiological and
Psychological Aspects in Climbing), directed by Dr. Vanesa Espafia Romero since 2015
and funded lastly by the University of Cadiz (PR2016-056). This initiative aims, in terms
of psychological aspects, to address the existing gap in scientific literature regarding the
cognitive and emotional variables that may influence climbing performance. Our analyses
and discussions are designed to highlight these considerations, with the goal of mitigating
potential biases and contributing to a more comprehensive understanding of the cognitive

and emotional processes in climbing performance.

The results obtained in this project, within which the present Ph.D. Thesis is framed, aim
to contribute to a deeper understanding of the cognitive and emotional differences

associated with climbing performance. In addition to identifying these disparities, they
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provide key information to understand the cognitive processes of athletes in this field.
Given the limited scientific evidence related to these aspects, the results obtained lay the
groundwork for future research in the field. These findings can also serve as a guide for
the design of training plans aimed at improving these skills and, consequently, climbing

performance.
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CRITICAL ANALYSIS OF THE BACKGROUND

Sport climbing

The proliferation of urban climbing facilities has long driven an increase in climbing
participants and fostered scientific investigation into both physiological and
psychological aspects of the sport—a trend well-documented since the early 2000s
(Espafia-Romero et al., 2006; Espafia-Romero, Ortega Porcel, et al., 2009; Sanchez et al.,
2019; Watts et al., 2003). Nonetheless, the inclusion of climbing as an Olympic sport in
the 2020 Tokyo Games constituted a milestone that marked significant global recognition
of the sport. This resurgence has not only sustained the growth in participant numbers but
also expanded the scope of scientific inquiry into climbing, now encompassing a wider
range of physiological and psychological aspects. This evolving landscape reflects
climbing's increasing recognition as a multifaceted sport, stimulating continued research

into its complexities and the factors influencing performance.

Sport climbing is a complex sport composed of different disciplines encompassing
bouldering, lead climbing, and speed climbing (Draper et al., 2008). The practice of each
discipline involves ascending routes designed on natural or artificial climbing walls
without falling. Each discipline of climbing, whether bouldering, lead climbing, or speed
climbing, includes various modalities distinguished by the level of route knowledge (on-
sight or red-point), as well as the different physiological and psychological factors that
influence climbers (Draper et al., 2008; Limonta et al., 2020). Specifically, on-sight
climbing refers to ascending a route without any prior knowledge and on the first attempt,
whereas rehearsed climbing involves ascending a route as many times as necessary until

completed without falls (Giles et al., 2014). Another distinctive feature of climbing is the
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climbing style, which describes the safety protocol protecting the climber in case of a fall.
Safety protocols in bouldering, which are routes of shorter height, are commonly
protected by crash pads (Giles et al., 2014). Lead climbing, characterized by longer
ascents, can be protected with a "top-rope" where any risk of fall is avoided (Giles et al.,
2014). Alternatively, climbers can lead the climb without the protection of the rope above,
where there is a risk of fall depending on the distance the person has climbed since the
last protection point (Giles et al., 2014). Both climbing style (lead climbing vs. top-rope
climbing) (Draper et al., 2010; Fryer et al., 2012) and modality (on-sight vs. red-point)
(Limonta et al., 2020) have been shown to have a significant influence on the climber's
psychology during climbing, modulating anxiety levels, which affects emotional
experience and performance on the wall. Thus, lead climbing style and on-sight modality
are widely recognized to be mostly influenced by psychological aspects, such as anxiety
(Draper et al., 2010; Limonta et al., 2020) due to the risk of fall and lack of prior route
information, respectively. Therefore, the nature and complexity of climbing require
athletes to possess good physical abilities, such as strength, endurance, agility, and
balance, along with mental control to respond to the technical difficulty of movements
(Espana-Romero et al., 2006; Espana-Romero, Ortega Porcel, et al., 2009; Giles et al.,
2006; Hodgson et al., 2009; Morrison & Schoffl, 2007). Hence, the skill level of climbers
is established based on this physical and psychological demand required to complete the
route. Specifically, athletes' performance is evaluated in terms of their ability to complete
a specific route without falls in the shortest time possible or to reach the farthest point on
a route representing a certain level of difficulty (grade). In this sense, self-reported grade
provides a valid and accurate reflection of climbing performance (Draper et al., 2011,

2016).
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Overall, the majority of research efforts in climbing have focused on analyzing
physiological parameters (Espana-Romero et al., 2012; Espafia-Romero, Artero, et al.,
2009; Fryer et al., 2016, 2017, 2018; Giles et al., 2016; Watts, 2004; Watts & Drobish,
1998; Zarattini et al., 2018), body composition factors (Espafia-Romero et al., 2006;
Espana Romero et al., 2009; Giles et al., 2021; T¢éllez et al., 2019; Watts et al., 1993),
biomechanics (Cha et al., 2015; Seifert et al., 2014) and perceptual aspects (Hacques et
al., 2021, 2022; Marcen-Cinca et al., 2022) all of which are considered determinants of
performance on this sport. However, despite the widespread consensus on the importance
of the psychological component in climbing, research in this area remains relatively

limited (Giles et al., 2006; Saul et al., 2019; Sheel, 2004; Watts, 2004).

Psychological perspective in sport climbing

From a psychological perspective in climbing, two fundamental lines of research are
particularly notable. The first line of research delves into the cognitive domain, focusing
on how cognitive functions like attention (Bourdin et al., 1998) and memory (Boschker
et al., 2002; Green & Helton, 2011; Epling et al., 2018), as well as the mental processes
involved in movement planning (Sanchez et al., 2019; Stankovi¢ et al., 2011) and memory
differences among climbers (Heilmann, 2021; Whitaker et al., 2019), contribute to

problem-solving and optimizing performance on the wall.

The second line focuses on the emotional domain, examining how anxiety influences
climbers' performance and experience. Studies in this area (Dickson et al., 2012; Draper
et al., 2008, 2010; Fryer et al., 2012; Hardy & Hutchinson, 2007; Hodgson et al., 2009;
Limonta et al., 2020; Nieuwenhuys et al., 2008; Pijpers et al., 2005, 2006) had provided
valuable insights into how anxiety affects overall performance, including before (Asci et

al., 2007) and during climbing (Sanchez et al., 2010) in competitive context. However,
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despite these efforts, the emotional or cognitive characteristics that differentiate the most

successful climbers have received relatively little attention in the scientific literature.

Cognitive domain in climbing

A significant challenge in the scientific community has been to determine whether
athletes exhibit distinct key cognitive functions crucial for success in sports (Voss et al.,
2010). Among these, executive functions stand out, encompassing complex cognitive
control processes necessary for organizing tasks, assessing risks, making decisions,
managing emotions, and adapting to unexpected events. This set includes core functions
such as attention or WM (Banich, 2009; Diamond, 2013). Attention is considered a
pivotal cognitive processes that involves filtering and selecting behaviorally relevant
information from the environment for further analysis or action (Le Pelley et al., 2016).
Conversely, WM is a multicomponent system responsible for the active retention of
pertinent information over short periods, thus enabling complex cognitive activities
(Cowan, 2010). There is a consensus that attention and WM are closely related,
contributing significantly to cognitive efficiency. Notably, both functions share a brain
network with neural underpinning located in the PFC, supported by extensive research
(Bahmani et al., 2019; Chai et al., 2018; Fishburn et al., 2014; Kardan et al., 2022; Xu et
al., 2014). In this context, theories and models suggest that attention plays a crucial role
in the functioning of WM (Baddeley, 1992; Cowan et al., 2010). One of the prevailing
theories suggests that the efficacy of WM depends on attentional control and its
interaction with information from both short- and long-term memory. This interaction
serves as a framework for selecting and transferring data into WM, with attentional
control being vital for maintaining and manipulating this information, thereby supporting

ongoing cognitive tasks (embedded-processes model of Cowan et al., (2010)).
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In sports sciences, cognitive functions in athletes have been studied mainly from two
different theoretical frameworks, based on the use of different methodological approaches

(Voss et al., 2010; Williams & Ericsson, 2005).

Theoretical model focused on the cognitive component skills approach

The cognitive component skills approach focuses on evaluating whether sports expertise
correlate with superior fundamental cognitive performance, typically assessed in
laboratory settings (Voss et al., 2010). Overall, this approach is founded on the belief that
training and involvement in sports can enhance broad cognitive capacities, including
attention, WM, inhibitory control, and cognitive flexibility. Instead of solely
concentrating on athletic performance, this methodology is rooted in the concept that
engagement in sports can yield positive outcomes for cognitive advancement transferable
to other areas of everyday life. Research under this methodology has examined athletes'
performance in key executive functions such as attention and WM, through basic

cognitive tests.

Attention

In support of the cognitive component skills approach, a quantitative meta-analysis
conducted by Voss et al. (2010) revealed that athletes exhibited enhanced performance in
processing speed measures and various attentional paradigms. Superior performance of
elite athletes compared to less elite athletes in attention tasks has been evidenced in sports
such as martial arts (Sanchez-Lopez et al., 2016), basketball (Qiu et al., 2018), soccer
(Heppe et al., 2016), volleyball (Kioumourtzoglou et al., 1998), hockey (Laborde et al.,
2016; Marczak & Ginszt, 2017), table tennis (Kajbatnezhad et al., 2011), or winter sports

(skiing, duathlon, alpine skiing) (Jordalen et al., 2018).
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Specifically in climbing, evidence suggests that this sport requires attentional control
(Bourdin, C; Teasdale, N; Nougier, 1998; Green & Helton, 2011; Young, 2011). One of
the experimental approaches used to study attention associated to motor performance is
the locomotor-cognitive dual-task paradigm (Leone et al., 2017). In this paradigm,
participants are asked to perform two tasks involving cognitive effort simultaneously
(e.g., motor control climbing and remembering a list of words), which requires them to
use their attentional resources and other cognitive processes. This approach helps to
understand how tasks compete for limited cognitive resources such as attention and WM
(Hocking et al., 2020; Logan & Gordon, 2001). Through this paradigm, Bourdin et al.
(1998) found that attentional demands increase with the difficulty of a climbing task,
further affecting climbing efficiency. Similarly, Young, (2011) demonstrated that climbers
who were distracted by a task requiring heightened attention performed significantly
worse, as indicated by increased climbing time, compared to non-distracted climbers
while ascending. Green & Helton, (2011) also showed that attentional interference
negatively impacted climbing performance. They found that climber’s efficiency and
distance ascended decreased when their attention was diverted to unrelated tasks, such as

memory task.

The cognitive advantage associated to sport expertise has been also attributed to greater
CREF by a portion of scientific literature (Ballester et al., 2017; Ciria et al., 2017; Luque-
Casado et al., 2016; Sanabria et al., 2019). These positive effects of CRF on cognitive
function in general have been linked to an increased capacity of the heart to deliver
oxygenated blood to cerebral structures (Colcombe & Kramer, 2003), enhanced cerebral
blood flow (Brown et al., 2010), and elevated levels of brain-derived neurotrophic factor
(Vaynman et al., 2003). Consequently, given that rock climbing ability has previously

been linked with high CRF (Aras & Ewert, 2016), and considering the known relationship
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between CRF and attention (Ballester et al., 2017; Ciria et al., 2017; Luque-Casado et al.,
2016; Sanabria et al., 2019), it may be inferred that CRF could also influence climbers’
attentional performance. This connection underscores the potential interplay between
physical fitness and cognitive functions in climbing, suggesting that climbers' attentional

advantages might partly be attributed to their superior cardiorespiratory conditioning.

Despite ample evidence of the attentional advantages of expert athletes in other sports,
and the implication of attention in different aspects of climbing performance, research
investigating the relationship between attention and climbing performance remain limited
to date. Recognizing this gap, this Ph.D. Thesis will delve deeper into these aspects,
examining how climbers' attentional performance can be even influenced by their CRF
levels. This study aims to offer new insights into how physical and cognitive domains are

integrated to optimize performance in this demanding sport.

Working Memory

From the perspective of the cognitive component skills approach, WM has been another
cognitive function that has garnered attention in sports (Buszard et al., 2017; Vaughan &
Laborde, 2020). Previously, researchers have studied the relationship between WM and
athletic performance in a limited variety of sports, including basketball (Furley &
Memmert, 2010; Vaughan & Laborde, 2020) and climbing (Heilmann, 2021; Whitaker et
al., 2019). Unlike attention, consensus on whether elite athletes demonstrate superior WM
performance in laboratory tasks compared to expert and novice remains unclear (Buszard
et al., 2017; Vaughan & Laborde, 2020). Furley & Memmert (2010) investigated WM
capacity in basketball players with the Corsi Block task, finding no significant differences

when compared to non-athlete college students. In contrast, Vaughan & Laborde (2020)
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used the same task and found that athletes with greater expertise demonstrated

significantly higher WM capacity compared to their less experienced counterparts.

In climbing, several studies employing the locomotor-cognitive dual-task paradigm have
demonstrated the involvement of WM, highlighting its significance in the sport (Darling
& Helton, 2014; Epling et al., 2018; Green et al., 2014; Green & Helton, 2011). Despite
this, findings regarding expertise differences in climbing populations remains
inconsistent, with some studies using the Corsi Block task to measure WM capacity
(Heilmann, 2021; Whitaker et al., 2019). For example, Whitaker et al. (2019) reported no
clear WM advantage for expert climbers, contrasting with Heilmann (2021) who observed
a lower WM in expert compared to novice climbers. These contradictory findings have
sparked debate, with researchers like Buszard et al. (2017) cautioning against the
assumption that greater WM automatically translates to superior athletic performance.
They argue for a sport-specific analysis of WM, asserting that a nuanced examination is
crucial to fully understand how WM influences performance in different athletic
disciplines. This underscores the complexity of cognitive functions in sports and
necessitates detailed research to elucidate the specific role of WM in climbing

performance.

Research in neuroscience has established the PFC as a pivotal area for WM processes
(Bahmani et al., 2019; Chai et al., 2018; Fishburn et al., 2014). Using NIRS, scientist
have been able to track cerebral oxygenation and neural activity during WM tasks in the
PFC (Sato et al., 2013). Studies using NIRS indicate that individuals capable of loading
more information into WM exhibit noticeable variations in O2Hb and HHbD levels in the
PFC, indicative of greater neural activation due to cognitive load (Fishburn et al., 2014;

Ogawa et al., 2014). Interestingly, a paradox emerges where those with higher WM
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capacity may show reduced PFC O>Hb levels, reflecting a potential marker of neural
efficiency in individuals with advanced cognitive capacities (Anderson et al., 2018). This
Ph.D. Thesis will analyze these aspects to better understand the role of WM in sport
climbing, particularly focusing on how it contributes to climbing performance through

hemodynamic responses in the PFC.

Theoretical model focused on the expert performance approach

The expert performance approach, which focuses on examining athletes within the
context of their specific sport or within an ecologically valid context, assess expertise
differences in sport-specific cognition (Williams & Ericsson, 2005). Supporting this
approach, Mann et al. (2007) conducted a meta-analytic review showing consistently that
experts in their respective sports outperform non-experts across a range of tests designed
to measure sport-specific cognitive abilities. These assessments encompass spatial
memory, visual search, attention, perception, and decision-making skills related to sport-
specific environmental information. This approach offers valuable insights into how
cognitive functions contribute to athletic expertise, particularly when analyzed within the
sport's unique requirements and challenges. In climbing, research has particularly focused
on differences in sport expertise, centering on the short-term memory of climbers
(Boschker et al., 2002; Heilmann, 2021; Whitaker et al., 2019). Studies have evidenced
that expert climbers recall more holds on a climbing route (Boschker et al., 2002;
Heilmann, 2021; Whitaker et al., 2019) and demonstrated greater accuracy in recalled
motor sequences than less expert climbers (Whitaker et al., 2019). However, further
research is needed within an ecologically valid context to understand how WM varies in
real-world situations among climbers of different skill levels. Nonetheless, the absence

of comprehensive assessment tools for a wide range of cognitive functions poses a
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significant obstacle. One of the primary challenges for the scientific community is the
development of specific tools to accurately measure various cognitive functions. This is
essential for capturing the diverse cognitive processes involved in athletic performance,
beyond those directly related to the sport itself. To address the methodological challenges,
this research will introduce an innovative tool designed to study WM in the context of
climbing. This tool aims to bridge the gap between laboratory and field settings, providing

insights into the cognitive processes that underpin climbing performance.

Emotional domain in climbing

In relation to the emotional domain, research agrees that fear of falling is a primary source
of anxiety in climbers, negatively impacting their performance (Draper et al., 2008, 2010;
Hodgson et al., 2009; Sheel, 2004), notably in women climbers (Balas et al., 2017).
However, studies indicate that elite or advanced climbers experience less anxiety during
lead climbing, (Dickson et al., 2012; Fryer et al., 2012) hinting at emotional differences

associated with expertise.

This fear, as an emotion, along with its associated symptoms such as anxiety, elicits
physiological, behavioral, and cognitive responses that facilitate harm avoidance and
ensure survival (Tovote et al., 2015). A broader understanding of fear and anxiety is
mirrored in sports psychology, where various theoretical models explore how emotional
regulation, particularly in response to fear and anxiety, affects athletic performance

(Craig, 2009; Laborde et al., 2016).

Theoretical models focused on emotional intelligence

One such model focuses on EI - the ability to perceive, manage and reason with one’s

own and others’ emotions effectively- (Salovey & Mayer, 1990). EI is also considered a
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personality trait associated with behavioral tendencies and self-perceived abilities to
recognize and understand emotions, comprehend their impact on thoughts and behavior,
as well as the strategies used to regulate them (Petrides & Furnham, 2001). Both construct
of EI, whether as an ability or trait, have been linked to athletic success, indicating that
proficient emotional management promotes athletes' adaptation, enhancing both their
physical and psychological adjustment to their environment (Laborde et al., 2016).
Moreover, differences in EI have been identified between open skill sports and closed
skill sports, suggesting that the intrinsic characteristics of each sport are related to EI (Bal
et al., 2011). Open skill sports require players to react in a dynamically changing,
unpredictable, and externally-paced environment (e.g., basketball, tennis, fencing),
whereas closed skill sports involve a more consistent, predictable, and self-paced
environment for players (e.g., running, swimming, climbing) (Singer, 2000). In climbing,
EI has primarily been examined to assess variances between men and women, with
findings suggesting that male climbers rely more on recognizing and understanding
emotional states to solve problems and achieve success in climbing compared to women
(Marczak & Ginszt, 2017). However, understanding how EI varies among climbers of
different skill levels and its impact on performance, particularly in managing fear and
anxiety, is essential. This highlights the necessity for a deeper investigation into this
domain, a gap that this Ph.D. Thesis aims to fill by examining the nuances of EI in

climbers across various levels of expertise.

Theoretical models focused on interoceptive awareness

Another perspective recently supported in neuroscience is the interoception models
(Craig, 2002), which illustrate how the body and mind interact in complex ways, mutually

influencing each other, and ultimately manifesting and comprehending emotions. This
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model define IA as the recognition of bodily signals originating from emotions (Fiistos et
al., 2013; Mehling et al., 2009). 1A plays a significant role in emotional experiences and
is a crucial component for successful emotional regulation and anxiety management
(Barlow et al., 2017). Although IA is extensively researched in clinical populations as part
of emotional regulation in the treatment of anxiety (Kaczkurkin & Foa, 2015), to date, in
the field of sports, only one study highlights the importance of 1A in regulating perceived
stress in athletes (Di Fronso et al., 2022). Moreover, although a few studies have focused
on reducing anxiety through the use of relaxation techniques (Maynard et al., 1997) or
top rope climbing (Aras & Ewert, 2016), no study to date has addressed anxiety in
climbing from a perspective centered on emotional management. Given the prevalent fear
of falling among climbers, especially women, investigating how IA can be leveraged for
emotional regulation to enhance performance and manage anxiety in climbing is a need

that this Ph.D. Thesis aims to explore.
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AIMS

The general aim of this Ph.D. Thesis was to enhance understanding of psychological

parameters within cognitive, emotional, and brain activity domains among climbers of

different levels, from recreational to elite, specifically examining how these factors

interrelate and contribute to climbing performance.

Specific aims

1)

2)

3)

4)

5)

To investigate the relationship between cognitive domains, especially attention
and WM, and climbing ability, while accounting for other influencing factors
(Study I and II).

To examine differences in WM capacity and PFC hemodynamic responses during
a WM task between different ability groups in climbing and female and male
(Study II).

To design and develop an innovative tool for assessing WM in the context of
climbing to bridge laboratory research with field application (Invention).

To explore the emotional domain by assessing EI across climbers of different skill
levels (Study III).

To assess the effect of a psychological training intervention focused on emotional
regulation on anxiety levels and climbing performance in women climbers with

fear of falling (study IV).
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OBJETIVOS

El objetivo general de la presente Tesis doctoral fue mejorar la comprension de los

parametros psicologicos dentro de los dominios cognitivos, emocionales y de actividad

cerebral entre escaladores de diferentes niveles, desde recreativos hasta élites,

examinando especificamente como estos factores se interrelacionan y contribuyen al

rendimiento en la escalada.

Objetivos Espeficicos

D)

2)

3)

4)

5)

Investigar la relacion entre los dominios cognitivos, especialmente la atencion y
la memoria de trabajo, y la habilidad en la escalada, teniendo en cuenta otros
factores influyentes (Estudio I y II).

Examinar las diferencias en la capacidad de memoria de trabajo y las respuestas
hemodindmicas del cortex prefrontal durante una tarea de memoria de trabajo
entre diferentes grupos de habilidad en la escalada y entre mujeres y hombres
(Estudio II).

Disefiar y desarrollar una herramienta innovadora para evaluar la memoria de
trabajo en el contexto de la escalada para conectar la investigacion de laboratorio
con la aplicacion en el campo (Invencion).

Explorar el dominio emocional evaluando la Inteligencia Emocional entre
escaladores de diferentes niveles de habilidad (Estudio III).

Evaluar el efecto de una intervencion de entrenamiento psicologico centrada en la
regulacion emocional sobre los niveles de ansiedad y el rendimiento en la escalada

en mujeres escaladoras con miedo a caer (Estudio IV).
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HYPOTHESES AND RESEARCH QUESTIONS

Based on the evidence previously presented, we hypothesize that psychological
parameters across cognitive, emotional, and brain activity domains will vary significantly
among climbers of different skill levels, from recreational to elite. This variation is
expected to manifest in distinct patterns of attention, working memory, and EI, all of
which are presumed to interrelate and contribute to climbing performance. Furthermore,
we anticipate that interventions aimed at improving emotional regulation will not only
reduce anxiety but also enhance overall climbing performance, particularly in individuals
experiencing a fear of falling. This Ph.D. Thesis seeks to integrate these domains to
provide a comprehensive overview of the psychological factors that distinguish climbing

proficiency across varying levels of expertise.
The specific hypotheses of each specific aims are detailed below:
Specific Aim I.

Hypothesis for Study I. Given that attentional capacity is a critical cognitive

function in climbing, it is hypothesized that there will be significant differences

in attentional capacity among climbers of different skill levels.

Hypothesis for Study II: Considering that working memory is a crucial cognitive

capacity for climbing performance, it is hypothesized that climbers of different skill levels

will exhibit differences in working memory capacity.

Specific Aim II.

Hypothesis for Study II: Given that the prefrontal cortex is one of the cerebral

correlates of working memory, it is expected that differences in working memory
capacity will be reflected in the cerebral hemodynamics of the prefrontal cortex

during task execution among climbers of varying skill levels and between genders.
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Specific Aim III.

Hypothesis for Invention: It is proposed that the innovative tool developed for

assessing working memory will provide reliable data that correspond with
climbers' performance in the field, illustrating the tool's effectiveness in a practical

climbing context.

Specific Aim IV.

Hypothesis for Study III: Considering that elite climbers are less affected by
anxiety compared to novice and expert climbers, it is hypothesized that there will
be significant differences in levels of Emotional Intelligence in relation to

climbing skill level.

Specific Aim V.

Hypothesis for Study IV: Considering that anxiety impairs climbing performance and

that women may be more impacted by anxiety, it is hypothesized that female climbers
undergoing psychological training focused on emotional regulation to cope with the
fear of falling will exhibit changes in interoceptive awareness, a reduction in anxiety,
and an improvement in climbing ability. Additionally, it is hypothesized that the
impact of psychological training will surpass that of physical training in enhancing
interoceptive awareness, reducing cognitive and somatic anxiety, and enhancing self-

confidence and climbing ability.
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METHODOLOGY

This section offers a detailed description of the materials and methods utilized in each of
the studies incorporated into the Ph.D. Thesis. In brief, this Thesis provides a
comprehensive analysis of the cognitive and emotional domains related to performance
in sport climbing. The research delves into attention, WM capacity, EI, and the effects of
psychological training, highlighting their importance in climbing performance. The
findings are integrated into four distinct studies involving a total of 136 climbers (60
women), aged between 26 and 41 years old. Self-reported climbing ability served as the
independent variable. The on-sight climbing ability ranging from 5+ to 8a+ was utilized
in studies I, Il, and 1V. The red-point climbing ability, ranging from 6b to 8b+, was
employed in study Ill. The recruitment of participants for each study was carried out in
different stages through a call on social networks in accordance with the previously
established objectives. The protocols for each study were conducted in accordance with
the ethical standards outlined in the 1961 Declaration of Helsinki and were approved by

the Research Ethics Committee.

The instruments used to assess the dependent variables, as well as the main analyses
employed, are summarized in Table 1 and briefly detailed in the current section of this

Ph.D. Thesis.
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Table 1. General overview of the methodology followed in the studies and invention included in this Ph.D. Thesis.

Psychological Independent Dependent Main
Study/Invention Design yeholog Participants P Methodology pe Statistical
variables variables variables :
analysis
Cognitive Domain
. . A Accuracy of
Study 1. Attentional differences as 35 cllmb?rs On-sightand red-  Self-reported climbing responses
. P . . (25 male; 10 point climbing ability
a function of rock climbing Cross-sectional Attention - - . (ACC) .
female) ability Signal Detection Task : . Linear
performance S Reaction Time .
Determination Task (RT) regression
analysis
Working
Memory
Capacity, Error ~ ANOVA
Self-reported climbing  Rate, Error analysis
Study I1. Cognitive function of 28 climbers On-siaht climbin ability Reaction Time,
climbers: an exploratory study of Cross-sectional Working Memor (23 male; 5 abilitg 9 ecCorsi Task and Hit Reaction  Linear
working memory and climbing g y female) y Time regression
performance Near-Infrared Prefrontal analysis.
Spectroscopy (NIRS)  Cortex
Oxygenation Correlation
and De- analysis.
oxygenation
Invention. Autonomous and Registration at the

. Invention: e ~ Working
Portable System for Training “Modelo de Working Memory ] _ Oficina Espaiolade ;00 ;
Working Memory and Climbing Utilidad” Patentes y Marcas Capacity

Technique (OEPM)

47



Emotional Domain

Study 111. Role of emotional
intelligence on rock climbing
performance

Study IV. Fear of falling in women:
A psychological training
intervention improves climbing
performance.

Cross-sectional

Quasi-
experimental

Trait and ability -
based

Emotional
Intelligence

Anxiety
Climbing
performance

42 climbers
(28 male; 14
female)

31 female
climbers

Red-point
climbing ability

On-sight climbing
ability

Self-reported climbing
ability
Mayer-Salovey-
Caruso Emotional
Intelligence Test
(MSCEIT)

Schutte Self-Report
Emotional
Intelligence Test
(SSEIT)

Control Group (n =
10); Psychological
Training Group (n =
11); Physical Training
Group (n = 10)
Self-reported climbing
ability

Spanish version of the
Revised Competitive
State Anxiety
Inventory-2 (CSAI-2
R)

Spanish version of the
Multidimensional
Assessment of
Interoceptive
Awareness (MAIA)

METHODOLOGY

One-way
Ability-based analysis of
Emotional covariance
Intelligence (ANCOVA)
Trait-based
Emotional Linear
Intelligence regression
analysis
Self-reported
climbing ability
2(:3(2:3/% Repeated-

Somatic Anxiety zﬁﬁégs/As

Self-Confidence
Interoceptive
Awareness
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The following sections are specifically dedicated to an elaborate exposition of the
methodologies employed across the studies compiled in this Ph.D. Thesis. Each segment
delineates the rigorous research protocols, participant selection criteria, experimental

procedures, and statistical analyses that collectively underpin our empirical findings.
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STUDY I. Attentional differences as a
function of rock climbing performance.

o -
i

Garrido-Palomino, I., Fryer, S., Giles, D., Gonzéalez-Rosa, J. J., & Espaiia-
i Romero, V. (2020). Attentional differences as a function of rock climbing
i performance. Frontiers in Psychology, 11(1550).
| https://doi.org/10.3389/fpsyg.2020.01550
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METHODOLOGY

STUDY 1. Attentional differences as a function of rock climbing
performance.

Participants and selection criteria

Thirty-five sports climbers (10 women) were recruited via a social network call to
participate. All participants were healthy, were nonsmokers, and were not taking any
vascular acting medication. Incluson criteria included a) being over 18 years old; b)
having at least 2 years of climbing experience; c) At least three months of systematic
climbing and training prior to the test. As exclusion criteria, the following will be
established a) acute or terminal illness; b) myocardial infarction within three months prior
to the start of the study; c¢) Unstable cardiovascular disease; d) medical prescription that
prevents the completion of the tests; e) Injury or circumstance that prevents the proper
completion of the tests (e.g. Color blindness); f) Not taking any type of ergogenic

supplement that could influence this study.
Etical considerations and study protocol

Participants read and were informed about the objectives of the study and signed the
consent form prior to participating in the study. The study protocol was approved by the
University of Cadiz Committee for research involving human subjects before recruiting
participants. Data collection was performed in accordance with the ethical standards set

by the journal and the Declaration of Helsinki.

Two attention tasks (Signal Detection and Determination Tasks) were administered
(counterbalanced) with a 30-min break between each, using a laptop (15 in., 1,366 x 768
color screen) running the Vienna Test System software version 26.04 (Schuhfried,
Austria). In addition, participants completed an incremental treadmill cardiorespiratory
exercise test to determine cardiorespiratory fitness. Participants were asked not to

consume food for 4 h prior to testing and to avoid caffeine and exercise for a minimum
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of 12 h. All testing sessions were conducted in the same week, in an environmentally
controlled exercise laboratory. The completion of the physical test and the attention task

was counterbalanced.

Outcomes measures

Self-reported climbing ability

On-sight self-reported climbing ability was reported as the most difficult route completed

without falls within the last 6-12 months.

Signal Detection Task

The Signal Detection Task (SIGNAL, 26.04 versions, Vienna Test System) was used to
evaluate the accuracy of participants’ response (AC) to a visual scanning and selective

attention.

Determination Task

A modified version of the S12 Determination Task (DT, 32.00 version, Vienna Test

Systems) was used to measure the speed of motor response, also called reaction time (RT)

Cardiorespiratory Fitness

Cardiorespiratory fitness (VOamax) Wwas assessed by an incremental treadmill

cardiorespiratory exercise test using the athlete- led protocol (Draper & Marshall, 2014).

Confounding variables

The following variables were considered as potential confounders: sex, age, climbing

experience (years), and VOamax for cardiorespiratory fitness.

Statistical Analyses
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Normal distributions, and homogeneity of variances for continues variables was analyzed
using Shapiro— Wilk test. Potential sex differences for each dependent variable were
analyzed by t-test for continuous variables and chi-square tests for categorical variables.
Pearson correlations were used to examine the relationship between attention tasks and
descriptive climbing parameters. Linear regression was performed to examine the
association between climbing ability (on-sight or red-point) and attention task (AC or
RT). Covariates were included in the regression analyses by using three levels of
adjustment models: Model 1, unadjusted; Model 2, adjusted for sex, age, and climbing
experience (years climbing); and Model 3, adjusted for sex, age, climbing experience
(years climbing), and CRF. Statistical analyses were performed using STATA version 14.0
(Stata Corp College Station, TX, United States). Statistical significance was set at p <

0.05.

54



METHODOLOGY

STUDY Il. Cognitive function of climbers: an
exploratory study of working memory and
climbing performance.
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METHODOLOGY

STUDY II. Cognitive function of climbers: an exploratory study of
working memory and climbing performance.

Participants and selection criteria

Twenty-eight rock climbers (5 Female) were recruited by social network advisement
volunteered to participate in the study. All participants met the inclusion criteria, which
included a) having at least two years of climbing experience, b) undergoing at least three
months of regular climbing prior to the study, c) being over 18 years old, and d) having
an absence of injury or conditions that would not be advisable for physical exertion. The
exclusion criteria included a) history of neurological or psychiatric disorders, b) the use
of medications that could affect vascular function, as well as c) substance abuse or
dependence.

Etical considerations and study protocol

The study received ethical approval from the University Ethics Committee. The data for
this study were collected from the High-Performance International Rock-Climbing
Research Group (C-HIPPER).

Outcomes measures

Body composition and socio-demographic characteristics
Weight, height, and body mass index (BMI) were measured to describe the sample and a
sociodemographic questionnaire was administered to collect climbing experience (yrs.),

climbing days per week, and educational level from participants.

Self- Reported Climbing Ability
On-sight self-reported climbing ability was reported as the most difficult route completed

without falls within the last 3-6 months.

Working Memory
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The digital version of the Corsi-block task (eCorsi) was administered using an
experimentally validated open-source software system called PEBL (Mueller & Piper,
2014). The outcomes included WM Capacity, which refers to the number of blocks in the
longest correctly reproduced sequence (span score); Error Rate, representing the total
number of incorrect responses; Hit Reaction Time for corrects answers, measuring the
speed of response for correctly reproduced sequences in milliseconds; and Errors

Reaction Time, capturing the speed of response for incorrect answers in milliseconds.

Prefrontal Cortex Perfusion
PFC perfusion was monitored using continuous-wave NIRS, NIRO-200NX (Sato et al.,
2013). The assessed parameters include the concentration changes in O>Hb, HHb, and

tHb -referred to as perfusion, as well as the TOI.
Confounding variables

Sex, age, climbing experience, and education level were considered confounding
variables known to be associated with WM according to Archer et al., (2018).
Additionally, any variables that exhibited a change in B coefficients greater than 10%

were included in the regression analyses.
Statistical Analyses

For statistical analyses, the sample was divided into expert climbers (<75™ percentile)
and elite climbers (>75" percentile) based on their sex-specific on-sight climbing ability
at the 75" percentile. The Shapiro-Wilk goodness-of-fit test was used to assess the normal
distribution of the data, while Levene's test was employed to examine equal variance.
Non-normal variables were transformed for subsequent analyses.

Analysis of Variance (ANOVA) was performed to assess differences among quantitative

descriptive variables. In cases where data did not meet ANOVA assumptions, the non-
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parametric Kruskal-Wallis test was employed. For categorical variables, the Fisher's exact

test was used to examine differences across categorical variables.

Linear regression analysis was applied to analyse the relationship between WM outcomes
and Climbing Ability. Additionally, four adjustment models were used to study the effect
of confounding variables such as Model 1 was adjusted for sex, Model 2 was adjusted for
sex and age, Model 3 was adjusted for sex and climbing experience, and Model 4 was

adjusted for sex and education level.

Pearson correlation analyses were conducted to assess the relationship between WM load
across trials and changes in OoHb and HHb levels in both the left and right PFC. Spearman
correlation analyses were applied to variables that did not follow a normal distribution.
Additionally, Fisher's exact test was used to analyze categorical differences between PFC
hemodynamic responses during the WM task and climbing ability groups (Expert vs.
Elite) and sex (Female vs. Male). This was complemented by ANOVA, and where

necessary due to non-normal distributions, the non-parametric Kruskal-Wallis test.

All statistical analyses were performed using STATA version 13.1 (Stata Corp, College

Station, TX, USA).
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INVENTION. Autonomous and Portable System for
Training Working Memory and Climbing Technique.

Garrido-Palomino, I. & Espafia-Romero, Vanesa (2023). Sistema autonomo
y portable para el entrenamiento de la memoria de trabajo y la técnica en
escalada. U202231081. Oficina Espafiola de Patentes y Marcas (OEPM).
Volumen II: Invenciones: N° 6512, Boletin Oficial de la Propiedad
Industrial, 10 de octubre de 2023.
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INVENTION. Autonomous and Portable System for Training Working
Memory and Climbing Technique

The methodology followed for the development of the patent in Spain involved several
key stages. Initially, an extensive review of scientific and technical literature pertaining
to climbing, WM, and portable technologies was conducted. Subsequently, a design and
development process ensued, encompassing the conceptualization of the autonomous and
portable system, as well as the engineering of its components and the programming of its
software to measure WM in an ecologically valid environment. Furthermore, a detailed
analysis was conducted on previously registered methods of analysis inventions,
considered closely related to the object of the invention, to verify that none of the
registered inventions, taken separately or in combination, enable the training of WM or
climbing technique. Notably, the patented invention was classified as a "modelo de
utilidad”, a type of intellectual property protection granted to inventions offering practical
solutions to technical problems. Finally, the necessary documentation was prepared, and
the patent application was submitted to the Oficina Espafiola de Patentes y Marcas
(OEPM), adhering to the procedures and requirements outlined by intellectual property

law and specific patent regulations in Spain.
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STUDY Il1. Role of emotional intelligence on rock
climbing performance.
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METHODOLOGY

STUDY III. Role of emotional intelligence on rock climbing
performance

Participants and selection criteria

The present study utilized a cross-sectional design. Forty-two experienced sport climbers
(14 female and 28 males) were recruited via a social network call to participate. Incluson
criteria included a) being over 18 years old; b) having at least 2 years of climbing
experience; ¢) At least three months of systematic climbing and training prior to the test.
As exclusion criteria, the following will be established a) acute or terminal illness; d)

medical prescription that prevents the completion of the tests.
Etical considerations

The study protocol was performed in accordance with the ethical standards established in
the 1961 declaration of Helsinki and was approved by the Research Ethics Committee
from the University of Cadiz. Participants were provided with a thorough verbal
explanation of the study's nature and objectives, following which written informed

consent was obtained.
Outcomes measures
Sociodemographic characteristics

The age, climbing experience, and climbing frequency were collected through a brief
interview with the participants. Body weight was measured using a multifrequency
bioimpedance scale (SECA, Vogel & Halke GmbH & CO. KG, Hamburg, Germany;
precision 0.1 kg), and height was measured in the Frankfurt plane using a telescopic
height measuring instrument (Norton, 2018). Participants were barefoot and wearing only

underwear during the measurements.

Self-reported climbing ability
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Red-point self-reported climbing ability was reported as the most difficult red-point (pre-

practiced) route completed without falls within the last 6-12 months.
Ability-based Emotional intelligence

Ability-based Emotional intelligence was measured by using a Spanish translation of the

Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) (Extremere et al., 2006).
Trait-based Emotional Intelligence

The Schutte Self-Report Emotional Intelligence Test (SSEIT) was applied to measure the

Trait-based Emotional Intelligence (Schutte et al., 1998; Austin et al., 2004).
Confounding variables

The potential confounding variable considered was age for the analysis.
Statistical Analyses

The sex-specific 75™ percentile of red-point climbing ability was used to divide the
sample into expert (<75™) and elite (>75%) climbers for further analyses. Normal
distributions, and homogeneity of variances for categorical variables was analyzed using
the Kolmogorov-Smirnov test. Differences between male and female as well as expert
and elite climbers in EI parameters in both questionnaires were analyzed by one-way
analysis of variance (ANOVA). The analyses were also adjusted by age using one-way
analyses of co-variance (ANCOVA). Linear regression analyses were performed to
examine the relationship between EI and sex as well as EI and climbing performance.
Statistical analyses were performed using STATA version 14.0 (Stata Corp, College

Station, TX, USA). Statistical significance was set at p < .05.
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STUDY IV. Fear of falling in women: A psychological
training intervention improves climbing performance.
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METHODOLOGY

STUDY IV. Fear of falling in women: a psychological training
intervention improves climbing performance.

Participants and selection criteria

A total of 44 recreational women climbers were recruited through personal invitations,
climbing clubs, and social media advertisements and expressed interest in voluntarily
participating in the High-Performance International Rock-Climbing Research (C-
HIPPER) study. Inclusion criteria were defined as follows: (1) being biologically a
woman, (2) reporting to experience fear of falling during lead climbing, (3) having at least
one year of climbing experience, and (4) being capable of on-sight lead climbing. On the
contrary, exclusion criteria encompassed: (1) simultaneously participation in another
clinical trial, (2) any medical prescription that prohibit climbing, (3) presence of an acute

or terminal illness, and (4) currently receiving psychological training for climbing.
Etical considerations and study protocol

Prior to recruitment, the study protocol was approved by the Ethics Committee (PEIBA
code 1739-N-21), and data collection was conducted in accordance with the ethical

standards set by the journal and, the Declaration of Helsinki.

The participants were subsequently assigned to the three groups according to their back-
ground and preferences. During the course of the study, 10 participants dropped out. The
Psychological Intervention Group (PG) consisted of 11 participants who expressed a
preference for starting psychological training due to fear of falling and were not
undergoing climbing training with a sports specialist. The Physical Training Group (TG)
comprised 10 participants who were already following a specialised climbing training

programme with a sports specialist. The Control Group (CG) consisted of 10 participants
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who did not undergo any specific training, either psychological or physical, throughout

the study period.

The psychological intervention received by the PG wasfocused on emotion regulation
using TA to cope with anxiety (Fiistos et al., 2013; Price & Hooven, 2018). Participants
in both the TG and CG were instructed to maintain their regular climbing activities
throughout the study. Pre-test assessments of climbing ability, anxiety, self-confidence,
and interoceptive awareness were conducted after group allocation. Post-test measures
were administered after the psychological training intervention for the PG and four

months after recruitment for the TG and CG.

Outcomes measures

Self-reported climbing ability

On-sight self-reported climbing ability was reported as the most difficult route completed

without falls within the last 3-6 months.

Anxiety and self-confidence

Cognitive and somatic anxiety levels and self-confidence were measured using the
Spanish version of the Revised Competitive State Anxiety Inventory-2 (CSAI-2 R)

(Andrade et al., 2007).

Interoceptive Awareness

IA was assessed using the validated and reliable Spanish version of the Multidimensional
Assessment of Interoceptive Awareness (MAIA) (Valenzuela-Moguillansky & Reyes-

Reyes, 2015).
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Confounding variables

We included variables Not-Distracting and Noticing as covariates in our analysis because
exhibited large effect sizes and statistical power greater than 50%, indicating their
potential impact on the intervention. Moreover, we included additional variables such as
Outdoor Climbing Days per Week, Years Climbing, Not-Worrying, Emotional Awareness,
Self-Regulation, and Body Listening as covariates in subsequent analyses to account for
their effects. These variables displayed small to medium effect sizes, indicating their

potential influence on the outcomes being studied.

Statistical Analyses

The normality of distributions was confirmed using Shapiro-Wilk's test, while

homogeneity of variances was confirmed with the Breusch-Pagan test.

We conducted an a priori statistical power analysis using G*Power software (Faul et al.,
2007) with a sample size of 31 participants to ensure adequate statistical power and
address baseline differences between groups for our primary outcome measure at
baseline. Additionally, we performed analysis of covariance (ANCOVAs) to mitigate
potential confounding variables and enhance the reliability of our intervention
assessment. These ANCOVAs focused on variables with medium to large effects in pre-

test ANOVAs, providing a robust framework for evaluating the intervention's impact.

To evaluate the effect of time and the interaction between group factors (Group x Time)
on main outcomes were conducted a repeated measures ANOVA. Post-hoc Bonferroni
comparisons assessed the inter-group for the main outcomes from pre- to post-
intervention. Post-hoc pairwise t-test comparisons were used to explore the source of

differences in the pre-post scores between groups for each significant ANOVA.
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Statistical analyses were performed using STATA version 16.0 (Stata Corp, College

Station, TX, USA).
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RESULTS

RESULTS

In this section, the identifying data, results, and discussion of the four publications and
the invention included in the Ph.D. Thesis are presented in the order to address the main
research questions. All studies have been published in impact factor journals indexed in
the top four quartiles (Q1-Q4) of the Journal Citation Reports. Specifically, the articles
are published in the Journal of Sports Sciences (Q1), the Frontiers in Psychology journal
(Q2), the Spanish Journal of Psychology (Q3), and the International Journal of Sport
Sciences (RICYDE) (Q4). Additionally, the utility model has been published in Volume
II: Inventions. No. 6512, of the Boletin Oficial de la Propiedad Industrial, dated October
10, 2023. An overview of the main results obtained in each of the studies is summarized

below in Table 2.
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Table 2. Overview of the main results obtained in each of the studies included in this Ph.D. Thesis.

STUDY / INVENTION

OUTCOMES

MAIN RESULTS

Cognitive domain

Study . Attentional differences
as a function of rock climbing
performance

Study II. Cognitive function of
climbers: an exploratory study of
working memory and climbing
performance

Accuracy of Responses

(AC)

Reaction Time (RT)

Working memory
outcomes

Hemodynamic outcomes

Linear regression analysis revealed that AC was positively related with the highest on- sight ability (B =.371; p
=0.028).

Sex, age, climbing experience (years), and VOamax appear to be predictors of the relationship between AC and
on- sight ability (B = 0.388; p = 0.031), explaining 34.3% of the variance (R?)

There was no significant relationship between AC and red-point ability ( = 0.286; p = 0.064).

No significant differences were found between male and female participants for AC.

Linear regression analysis revealed that there were no significant relationships between RT and on-sight ( =
—0.102 to 0.020; p = 0.304 to 0.680) or red-point ability (B =—0.089 to 0.007; p = 0.306 to 0.893).
No significant differences were found between male and female participants for RT.

Linear regression analysis revealed no significant associations between WM Capacity and Climbing Ability (F
(1,26)=3.77,p = .063, R? = .127).

Significant association between WM capacity and climbing ability were found after adjusted by Sex (F (2, 25) =
3.56,t=-2.64, p =.014), Sex in conjunction with Age (F (3, 24) = 2.33, t = -2.38, p =.026), Sex combined with
Climbing Experience (F (3, 23) =2.20, t = -2.46, p = .022), as well as Sex along with Education Level (F (3,23)
=2.08,t=-2.20, p=.038).

Regression analysis revealed positive significant associations between Error Reaction Time and Climbing Ability
(F (1, 26) =9.21, p = .005, R2 = .262). This significant association persisted across all models after adjusting for
confounding factors.

Error Rate was negatively associated with Climbing Ability when Sex and Education Level were taking into
account in the regression analysis ((F (3, 24) = 2.30, t = -2.30, p = .03).

Non-significant associations were found for Hit Reaction Time and Climbing Ability (p > .05).

A significant positive correlation was found between WM load and O,Hb in both the right (r = .537; p <.001)
and left PFC (r = .505; p <.001) across each trial. Conversely, a negative correlation was observed between WM
load and HHb levels, for the right PFC (r = -.500; p <.001) and for the left PFC (rho = -.595; p <.001), across
each trial.
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Invention. Autonomous and
Portable System for Training
Working Memory and Climbing
Technique

Emotional domain

Study III. Role of emotional
intelligence on rock climbing
performance

Study IV. Fear of falling in
women: A psychological training
intervention improves climbing
performance.

Ability-based Emotional
Intelligence

Trait-based Emotional
Intelligence

Anxiety outcomes

Interoceptive awareness
(IA) outcomes

Significant differences were found between Expert and Elite climbers in tHb levels at Fpl (Mean Differences
(MD) = -1.18; 95% Coefficient Interval (CI) = [-2.28, -.079]; p = .037), and HHb levels in both Fp1 (MD = -.80;
95% CI=[-1.43,-.71]; p=.015) and Fp2 (MD = - .78; 95% CI = [-1.34, - .23]; p = .008) during the WM task.
Sex differences were also observed in HHb levels at Fpl (MD =.75; 95% CI = [- .06, 1.56]; p = .025) and Fp2
(MD =1;95% C1=[.33, 1.67]; p = .005).

An innovative tool capable of assessing and training visuospatial working memory on any indoor climbing wall,
as well as analyzing and training technique through the placement of inertial systems on different body areas,
enables the recording of kinematic variables.

Advanced climbers had a significantly higher measure of "Facilitation Thought” compared to Elite climbers
(110.4 + 10.6 vs. 102.9 = 11.8, respectively). The same results were found when analyses were performed
adjusted by age.

Linear regression analyses adjusted for age revealed that “Facilitation Thought™ was inversely associated with the
highest red-point ability (b: -7.04 and 95% CI: -14.19 to -0.10; p < 0.05). The percentage of variance (R?)
explained by self-reported grade was 14.5%.

Expression of Emotions’ and ‘Regulation of Emotions’ were significantly higher in males than females (55.6 £+
5.2 and 43.4 + 3.5, respectively), however, the significance disappeared when adjusted for age.

Significant differences were found after psychological intervention (PG) in Climbing Ability (p <.01), Cognitive
(p <.001), and Somatic Anxiety (p < .001), and Self-Confidence (p < .001).

TG exhibited pre-post significant differences in Climbing Ability (p <.05), Cognitive (p <.01), and Self-
Confidence (p < .05).

Significant differences were found after psychological intervention (PG) in IA subscales such as Noticing (p <
.05), Attention Regulation (p <.01), Self-Regulation (p <.001), Body Listening (p <.001) and Trusting (p <.01).
TG showed significant differences in 1A subscales such as Noticing (p < .05), Attention Regulation (p < .05) and
Self-Regulation (p <.05)

All evaluated TA parameters remained unchanged for the CG (p > 0.05), except for the Not-Distracting subscale,
which showed a significant change (p = .026).
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Group comparison

Psychological Groups participants experienced an average increase of 54.5% in on-sight climbing ability, in
contrast to a 6.8% increase in the TG. Conversely, the GC group experienced a 6% decrease in on- sight
climbing ability.

Repeated-measures ANOVA revealed a significant Time x Group interaction for Climbing Ability (F(2,28) =
14.23, p <.001, n,% = .50), Cognitive Anxiety (F(2,28) = 8.63, p =.001, 1,2 = .38), Somatic Anxiety (F(2,28) =
9.98, p =.005, 1,2 = .29), and Self-Confident (F(2,28) = 26.87, p <.001, n,> = .66), as well as for several IA
subscales, such as the Noticing (F (2, 28) = 3.78, p = .035, n,2 = .21); Self-Regulation (F (2, 28) = 8.43, p = .001,
Mp> = .37), Body Listening (F (2, 28) = 16.99, p <.001, n,2 = .55) and Trusting scores (F (2, 28) = 6.93, p <.003,
2 = .33).

Greater effect sizes were observed in the Psychological Training Group (PG) compared to the Treatment Group
(TG) in the improvement of climbing ability, cognitive and somatic anxiety, self-confidence, as well as outcomes
related to interoceptive awareness such as self-regulation, body listening, body trusting, noticing, and attention
regulation.
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The subsequent sections are devoted to a comprehensive presentation of the results
obtained from the studies included in this Ph.D. Thesis. Each subsection delves into the
detailed findings, providing insights into the observed trends, significant outcomes, and
noteworthy patterns revealed through meticulous data analysis. These results serve to
elucidate the key findings and contribute to a deeper understanding of the cognitive and

emotional domain under investigation.
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RESULT 1. Attentional differences as a
function of rock climbing performance
(Study I).
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RESULTS
Attentional differences as a function of rock climbing performance

The main results obtained regarding Aim 1, which focused on investigating the
relationship between attention and climbing ability while accounting for other influencing

factors, are detailed below.
Descriptive outcomes

Participants had a mean age of 34.7 years and a mean on-sight climbing ability of 7a
(French scale), as shown in Table 3. Males were younger, heavier, and taller than females
(p < .05). Moreover, males demonstrated superior on-sight and red-point climbing
abilities as well as higher levels of CFR compared to females (p <.001 in all cases). The

average climbing experience was similar between both sexes.

Table 3. Mean (SD) of the anthropometric, demographic, physical fitness and
performance data in the care tasks of the participants of Study I.

All Male Female

(n=35) (n=25) (n=10)
Age (yrs) 34.7 (6.2) 33.5(6.5) 37.9(4.2)"
Mass (kg) 64.5 (8.6) 68.3 (6.7) 552(5°
Height (cm) 171.5 (8) 173.7 (8) 166 (4.9)"
Experience (years) 11.1 (7) 11.5 (7.6) 10.1 (5.7)
Self-reported climbing ability
Best 6-month on-sight grade (French) 7a(3) Ta+ (2.9) 6b+(1.6)"
Best 6-month red-point grade (French) 7a+ (3.6) 7b (3.7) 6c+(1.6)"
Treadmill measures
Cardiorespiratory fitness (mL-kg-min-1) 48.6 (5.3) 50.7 (4.9) 45.1 (4.6)"
Heart rate (bpm) 186.4 (10.5) 188.0 (10.9) 182.6 (8.9)

*P < .05, +P < .001
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Main outcomes
Mean attentional control (AC) and RT measures for all participants in the attention tasks
are displayed in Table 4. There were no significant differences observed between male

and female participants in any attention tasks, including the SIGNAL and DT tasks.

Table 4. Mean (SD) Attention tasks [accuracy of response (AC) and reaction time (RT)]
for all participants and by sex of Study I.

All Male Female
(N=35) (N=25) (N=10)
Accuracy of response (%) 87.6 (6.1) 88.8 (5.7) 84.8 (6.1)
Reaction time (msec)?
Trial 1 673.03 (50.59) 669.13 (56.4) 682 (34.58)
Trial 2 657.88 (48.07)  650.87 (49.99) 674 (41.15)
Trial 3 665.15 (46.65) 660 (46.71) 677 (46.68)
Total 665.8 (43.6) 660 (46.8) 679 (33.5)

*Two daltonic participant were excludes from reaction time analyses, n=33 (23 males).

In relation to attentional control assessed by the Signal task, the association between AC
and self-reported on-sight climbing ability was examined across various linear regression
models, as shown in Table 5. The analysis revealed a positive correlation between AC
(measured by the Signal detection task) and the highest self-reported on-sight ability ( =

388; p=.031).

Table 5. Relationship between accuracy of response (AC; dependent variable) and self-
reported on-sight climbing ability (independent variable) in 35 experienced climbers of
Study 1.

S P R’ R adj
Model 1 371 028 134 12
Model 2 278 61 191 .083
Model 3 388 031 343 225

Note. Model 1: unadjusted; Model 2: sex, age and climbing experience (years); Model 3: sex, age, climbing
experience (years) and VOomax. 8 = beta, regression equation; LCI= lower confidence interval (95%); UCI=
upper confidence interval (95%).
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However, as demonstrated in Table 6, no significant relationship was observed between

AC and self-reported red-point ability (B =.286; p = .064).

Table 6. Relationship between accuracy of response (AC, dependent variable) and self-
reported red-point climbing ability (independent variable) in 35 experienced climbers of
Study |I.

B P R’ R? adj

Model 1 308 .072  .095 .067
Model 2 170 182 160 .047
Model 3 286 .064 298 172

Note. Model 1: unadjusted; Model 2: sex, age and climbing experience (years); Model 3: sex, age, climbing
experience (years) and VOamax. f = beta, regression equation.

The relationship between RT and self-reported on-sight and red-point ability, measured
by the DT task and analyzed across various linear regression models, are presented in
Tables 7 and 8. The analyses revealed no significant relationships between RT and self-
reported on-sight (f = —.102 to .020; p = .304 to .680) or red-point ability (f =—.089 to

.007; p=.306 to .893).
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Table 7. Relationship between reaction time (RT; dependent variable) and self-reported on-sight climbing ability (independent variable) in 33
experienced climbers of Study I.

RT B p R’ R? adj

Model 1

Trial 1 -.086 .632 .008 -.025

Trial 2 -.075 .680 .006 -.027

Trial 3 -.102 570 .011 -.021
Model 2

Trial 1 -.033 0.304 154 .033

Trial 2 .015 388 133 .009

Trial 3 -.033 519 .106 -.022
Model 3

Trial 1 -.029 442 155 -.002

Trial 2 .020 535 134 -.026

Trial 3 -.024 .645 A11 -.053

Note. Model 1: unadjusted;, Model 2: sex, age and climbing experience (years); Model 3: age, climbing experience (years) and VOamax; f = beta, regression equation; RT:

reaction time
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Table 8. Relationship between reaction time (RT; dependent variable) and self-reported red-point climbing ability (independent variable) in 33
experienced climbers of Study I.

B p R R adj

Model 1

Trial 1 -.024 .893 .001 -.032

Trial 2 -.051 .780 .003 -.030

Trial 3 -.089 621 .008 -.024
Model 2

Trial 1 -.017 306 153 .032

Trial 2 .007 389 133 .009

Trial 3 -.066 506 .108 -.019
Model 3

Trial 1 -.010 444 155 -.003

Trial 2 .014 536 134 -.026

Trial 3 -.052 .637 113 -.051

Note. Model 1: unadjusted; Model 2: sex, age and climbing experience (years); Model 3: sex, age, climbing experience (years) and VOamax; B = beta, regression equation.
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RESULT Il. Cognitive function of climbers: an
exploratory study of working memory and
climbing performance (Study II).

e, ;
| Garrido-Palomino, T; Giles, D; Fryer, S; Gonzalez-Montesinos, J.L.; |

|
E Espana-Romero, V. Cognitive function of climbers: an exploratory '
1 !
| study of working memory and climbing performance. Spanish |
I .
|
|

- Journal of Psychology. In Press. !

o i
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RESULTS

Cognitive function of climbers: an exploratory study of working
memory and climbing performance

Below are the main results related to investigating the relationship between WM and
climbing ability, while considering other influencing factors, as well as examining
differences in WM capacity and prefrontal cortex (PFC) hemodynamic responses during
a WM task between different ability groups in climbing and between females and males,
according to our Aims 1 and 2.

Descriptive outcomes

As shown in Table 9, participants had a mean age of 37.5 years, with an average climbing
experience of 14 years, ranging between 3 to 30 yrs. The mean on-sight climbing ability
was 6¢+ on the French scale, ranging from 5+ to 7c+. Specifically, Expert climbers
reported climbing abilities ranging from 5+ to 7a+, while Elite climbers ranged from 6c¢
to 7c+ in Elite climbers (75" percentile, 7a+). Among Male participants, climbing ability
ranged from 6a+ to 7b for Experts, and from 7b+ to 7c+ for Elites, with the 75" percentile
at 7b. Female participants reported climbing abilities ranged from 5+ to 6¢ for Expert and
from 6¢+ to 7a for Elite, with the 75" percentile at 6¢c. Onsight climbing ability was
significantly higher for Elite compared to Expert (p < .001) and for Male compared to
Female (p < .001). Additionally, Males climbed significantly more days per week than
Females (p < .05). Fisher’s exact tests revealed no significant differences concerning to

Education Level between Expert and Elite (p = .689) or between Sex (p = .355).
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Table 9. Descriptive Characteristics, Working Memory Task Measures (mean =+ standard deviation), and Analyses of Variance of the Entire Sample,

Stratified by Climbing Ability and Sex

All sample Expert Elite F Female Male F
(n=28) (n=19) (n=9) 2 P (n=5) (n=23) (29 P
Age (yrs.) 37.5+£6.6 373+7.0 37.9+6.3 .04 .834 38.1+3.8 373+73 .06 811
Weight (kg) 69.9+£10.9 729 £10.7 64.1+£9.3 4.35 .047 554+54 73.2+9.0 1747  <.001
Height (m) 172.8 8.4 173.4+£6.8 171.6 £11.3 25 .622 159.8 £4.6 175.7+5.9 31.87  <.001
Body Mass Index (kg/m2) * 234+£32 242+34 21.7+1.2 4.78 .038 21.7+£22 23.8+3.3 1.86 184
Education Level (%) * 39.3 44.4 30 .689° 16.7 45.5 .355°
Climbing Experience (yrs)® 14.0+£9.3 12.1£8.6 17.6 £10.0 1.91 179 11.7+9.5 14.6+9.4 1.23 277
Climbing Days per Week 1.84+.9 1.9+.9 1.6+.8 .76 391 1.2+.8 2.0+.8 4.51 .043
On-sight Climbing Ability range (IRCRA scale) 16.27+3.27 14.84 £2.67 19 +2.53 1640  <.001 13.16 £2.92 17.09 +2.89 8.71 .007
Working Memory measures

Working Memory Capacity (Span score) 56+.8 58+.8 52+.7 3.15 .087 55+.9 56+.8 .10 754
Error Rate (Number of incorrect responses) 30+ .9 32+ .8 27+1.0 3.77 .063 30+1.2 30+ .9 1.09 306
Hit Reaction Time (Milliseconds) 590.3+116.3 5822+111.8 607.5+130.5 28 .601 559.7+ 543  597.0+125.7 41 527

655.4+1953 608.6+1944  754.1 £165.8 3.73 .064 551.5+€773 677.4+1953 1.77 195

Error Reaction Time (Milliseconds)

2 Participant with university studies; ° Fisher exact test analysis; " Inverse square root transformation
Note: p-values for comparisons between climbing ability groups and sex are based on ANOVA for continuous variables and Fisher exact test for categorical variables.
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Main outcomes
Working Memory

The analysis revealed no significant associations between WM Capacity and Climbing
Ability (F (1, 26) = 3.77, p = .063, R? = .127) (see Table 10 and Figure 1). However,
upon further examination of the influence of confounding factors, significant predictors
of the association between WM capacity and climbing ability were found. These were
Sex (F (2, 25)=3.56, t=-2.64, p = .014), Sex in conjunction with Age (F (3, 24) = 2.33,
t=-2.38, p=.026), Sex combined with Climbing Experience (F (3, 23) =2.20, t =-2.46,

p =.022), as well as Sex along with Education Level (F (3,23) =2.08, = -2.20, p = .038).

Comparable results were obtained when analysing the association between WM
measurements and Climbing Ability exclusively in Male participants (n = 23). For
instance, the association between WM Capacity and Climbing Ability was F (1, 21) =

10.87, p = .003, R* = .341.

Regression analysis revealed positive significant associations between Error Reaction
Time and Climbing Ability (F (1, 26) = 9.21, p = .005, R? = .262). This significant
association persisted across all models after adjusting for confounding factors: Model 1
(F(2,25)=4.46,t=2.60, p =.016); Model 2 (F (3,24) =2.86, t = 2.40, p = .025); Model
3(F((3,23)=5.52,t=3.78, p =.001); Model 4 (F (3, 23) =2.79, t =-2.21, p = .037).
Error Rate was negatively associated with Climbing Ability when Sex and Education
Level (Model 4) were taking into account in the regression analysis ((F (3, 24) = 2.30, ¢
= -2.30, p = .03). Non-significant associations were found for Hit Reaction Time and

Climbing Ability (p > .05).
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Table 10. Multiple Lineal Regression Coefficients Examining the Relationship of Working Memory and Climbing Ability.

95% IC
b P — ¢ P R? AdjR?
LL UL
Linear regression model
Unadjusted -.35 -.088 -.18 .01  -1.94 063 .127 .093
Working Memory Capacity Model 1. AdJ:usted for sex -.558 -.138  -25 -.03 -2.64 .014* 1222 159
(Span score) Model 2. Ad!usted for sex and age ‘ -.535 -.132  -25  -.02 -238 .026% .225 @ .129
Model 3. Adjusted for sex and climbing experience (years) -.581 -.153 -.27 -.02 -241 .024* 218 .l116
Model 4. Adjusted for sex and education level -.499 -.118 -.23 -.01 -2.20 .038* .213 11
Unadjusted -.210  -.06 -.16 -05 -1.09 285 .04 .007
Error Rate Model 1. AdJ:usted for sex -.300 -.081 -.21 05 -1.29 207 .155 .091
(Number of incorrect responses) Model 2. Adj.usted for sex and age . -.350 -.095 -23 .04 -143 .167 .081 -.034
Model 3. Adjusted for sex and climbing experience (years) -.332 -.090 -.24 06 -122 234 064 -.058
Model 4. Adjusted for sex and education level -408 -.110 -.24 .02  -1.71 .101 .127  .013
Unadjusted S11 30 9.68 50.32 3.04 .005* .262  .233
Error Reaction Time Model 1. AdJ:usted for sex 534 31310 649  56.13 230 .016* 263 204
(Milliseconds) Model 2. Adjusted for sex and age 527 30.888 431 5747 240 .025% 263 171
Model 3. Adjusted for sex and climbing experience (years) .725 41.636 16.17 67.10 3.38 .003* .380 .299
Model 4. Adjusted for sex and education level 484 28.089 1.77 5441 221 .037* 267 171
Unadjusted 136 4752 920 1870 .70 490 019 -.019
Hit Reaction Time Model 1. Adjusted for sex 097 3374 -13.65 2040 41 687 .022  -.056
(Milliseconds) Model 2. Adjusted for sex and age 083 2912 -1531 21.14 33 744 023 -.099
Model 3. Adjusted for sex and climbing experience (years) .299 10.024 -8.18 2823 1.14 266 .066 -.056
Model 4. Adjusted for sex and education level 128 4561 -13.71 22.83 .52 611 052 -.072

Note. Data are presented as standardized regression coefficient (b), unstandardized regression coefficient (), 95% confidence interval (95% CI), lower confidence interval (LL),
upper confidence interval (UL) and P-value (p). * p <.05 indicating statistically significant associations.
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T T T
10 15 20 25
On-sight Climbing Ability (IRCRA scale)

® Working Memory Capacity Fitted values

Figure 1. Linear Relationship Between Working Memory Capacity and Climbing Ability.

Hemodynamic responses

Correlation analyses revealed a significant positive correlation between WM load and
O2Hb in both the right and left PFC across each trial, with coefficients of r = .537 (p <
.001) and r = .505 (p < .001), respectively. Conversely, a negative correlation was
observed between WM load and HHb levels, with coefficients of r = -.500 (p <.001) for
the right PFC and Spearman's rho = -.595 (p < .001) for the left PFC, across each trial

(See Figure 2).

Additionally, as shown in Table 11, significant differences were found between Expert
and Elite climbers in tHb levels at Fp1 (Mean Differences (MD) =-1.18; 95% Coefficient
Interval (CI) =[-2.28, -.079]; p = .037), and HHb levels in both Fp1 (MD = -.80; 95% CI
=[-1.43, -.71]; p = .015) and Fp2 (MD = - .78; 95% CI = [-1.34, - .23]; p = .008) during

88



RESULTS

the WM task. Sex differences were also observed in HHb levels at Fpl (MD = .75; 95%
CI=[-.06, 1.56]; p =.025) and Fp2 (MD = 1; 95% CI =[.33, 1.67]; p =.005). Figure 3
illustrates the changes in HHb levels in the left and right PFC for Expert vs. Elite climbers
(upper panels) and Male vs. Female climbers (lower panels) after completion of the WM
task. The box plots show the distribution of HHb changes, indicating differences in
cerebral blood flow and de-oxygenation between the groups. A greater change in HHb
levels suggests a higher PFC activity due cognitive load. Lastly, Figure 4 illustrates an
example of the changes in oxygenation and deoxygenation in the right PFC of two
climbers differing in climbing ability (Expert vs. Elite) and in WM capacity. This visual
comparison aims to showcase the differential patterns of activation between climbers of

various skill levels under their maximum WM load.
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Table 11. Hemodynamic Changes and Analyses of Variance in the Prefrontal Cortex During the Working Memory Task across the Entire Sample,

Categorized by Climbing Ability (Elite Vs Expert) and Sex.

A;Ls:mznzgle (Elllxzpigg (fl:ltg) For@ p n? lzrfltnzlasl)e (rll\/ia;e3 : Fory® p n?
Left Prefrontal Cortex (FP 1)
AtHb (uM)  1.14+ 141 .76+1.44 194+1.00* 485 .037 .16 .59+1.58 126138 .92 346 .03
AOHb (uM) 248+1.66 2.42+191 2.60+1.04 .07 .798 .003 1.17+1.66 276+1.55 421 .050 .14
AHHb (uM) -120+ .84 -145+.87 -65+.39% 593 015 .19 -58+.27 -1.33+.86* 5.06° .025 .16
ATOI (%) 80+1.15 .89+128  .60+.83 37 55 01 13+.70  94+1.19 211 159 .08
Right Prefrontal Cortex (FP 2)
AtHb (uM)  108+1.53 1.17+1.51 0.88+1.66 .22 .64 .008 95+1.06 1.11+1.64 .04 .837 .002
AOHb(uUM) 243+175 2.82+1.81 159+136 321 .082 .11 137+1.14 2.66+1.80 232 .140 .08
AHHb (uM) 124+ .75 -150+.72 -71+.54% 841 008 24 -42+.28 -1.42+.70% 949 005 .27
ATOI (%) 63+144 73+1.65  43+.89 26 612 01 -03+£.93 .78+1.50 131 .262 .05

Data presented as mean =+ standard deviation.

Hemodynamic changes (A) were calculated as resulting of the difference between baseline values (two first trials) and those sampled during the last two trial of working

memory task.

n?: Effect size-partial eta squared for baseline comparisons: 1> >0.01 small effect size; n? >0.06 medium effect size; n? >0.14 large effect size.

*p < 0.05 indicating significant different the from Expert climbers

2 Kruskal wallis test
uM = 10°mol/L
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Figure 2. Accumulated Hemodynamic Changes in Left and Right Prefrontal Cortex across Trials during the Working Memory Task in the Entire
Sample of Study I1.
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Figure 3. De-Oxygenated Changes in Left and Right Prefrontal Cortex of Expert- Elite and Male-Female Climbers after Completing the WM
Task of Study I1.
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RESULTS

Figure 4. An example of the Oxi- and De-Oxygenation Changes in Right Prefrontal Cortex of Male with Different Climbing Ability and Working
Memory Capacity during Working Memory Task. (A) Expert Male Climber (6b+ On-Sight Climbing Ability) with 7 Span of Working Memory
Capacity. (B) Elite Male Climber (7b+ On-Sight Climbing Ability) with 4 Span of Working Memory Capacity of Study II.
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RESULTS

RESULT Ill. Autonomous and Portable System for
Training Working Memory and Climbing Technique
(Invention)

Garrido-Palomino, I. & Espafia-Romero, Vanesa (2023). Sistema autobnomo
y portable para el entrenamiento de la memoria de trabajo y la técnica en
escalada. U202231081. Oficina Espafiola de Patentes y Marcas (OEPM).
Volumen II: Invenciones: N° 6512, Boletin Oficial de la Propiedad
Industrial, 10 de octubre de 2023.
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Autonomous and Portable System for Training Working Memory and
Climbing Technique

The present invention comprises a system designed for training WM in an indoor
climbing wall environment. One of its key features is its autonomy from the climbing
wall itself, making it independent and portable, allowing operation in any climbing wall
without the need for modifications or adaptations. The system enables the generation and
recording of climbing routes by capturing data from inertial sensors attached to the
climber's body as they navigate a route, and manual input via a digital tablet by the coach

Or user.

This invention finds application in studying the physical, technical, and psychological
capacities of climbers, enabling the quantification of kinematic variables (time, speed,
acceleration), as well as the development of psychological factors such as WM and
climbing technique. For the measurement of kinetic variables, the invention incorporates
inertial sensors located on body segments such as wrists, ankles, and waist, wirelessly
connected to a personal computer whose software processes the signal and reproduces the
athlete's movements on-screen. Additionally, a digital tablet equipped with specialized
software allows the input of climbing routes or other relevant data for WM training. The
generated routes, whether captured through inertial sensors or manually inputted via the
tablet by the coach or user, must be projected onto the climbing wall for a specified
duration using a laser projector or similar device. After this time elapses, the marks
disappear, and it is up to the climber to replicate these marks or routes either by climbing

on the wall or marking them on the computer interface.

The autonomous and portable system for training WM and technique in climbing, subject
of the present invention, comprises the following components, as illustrates Figures 5, 6

and 7:
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Set of inertial sensors: These sensors allow the measurement of various kinematic
variables, such as the position, velocity, and acceleration of the body segment
where they are located. The inertial sensors are wirelessly connected to a personal
computer/data reception and acquisition system.

Digital tablet/computer device with a touchscreen: This device includes the
necessary software to input data regarding the positioning of each hold on the
climbing wall, creating a virtual image of it and the position of each grip.
Moreover, and most importantly, it allows for the design of marks, images, routes,
etc., facilitating the design of climbing routes or marking holds, for transmission
to the personal computer/data reception and acquisition system.

Personal computer/Data reception and acquisition system equipped with specific
software that: Receives and stores the positional data from the inertial sensors and
receives and stores information about the routes generated manually on the digital
tablet/computer device with a touchscreen.

Sound emission system: Comprising one or more speakers that emit acoustic
signals or instructions to the climber. The acoustic signals can be programmed by
the user to initiate WM training, indicate the start/end of tests, provide sounds for
stress-inducing scenarios, or deliver instructions from the coach.

Laser projector: Positioned at a certain distance from the indoor climbing wall,
the laser projector projects a beam of laser light onto the wall, replicating the

anatomical model defined by the data captured by the inertial sensors.
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Figure 5. An illustration of different components of the system and their location

consistent on (1) Inertial sensor, (2) Digital tablet/computer device equipped with a touch

screen, (3) Personal computer/Data reception and acquisition system, (4) Sound emission

system, (5) Laser projector.
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Figure 6. A schematic projection onto the climbing wall via the laser projector of the
image obtained from the inertial sensors regarding the position of each body segment of

the climber.
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Figure 7. Schematic projection onto the climbing wall of a route image generated through
the digital tablet/computer device equipped with a touch screen, projected by the laser
projector, for WM training.
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RESULT IV. Role of emotional intelligence on rock
climbing performance (Study I11).

|
| Garrido-Palomino, I., & Espafia-Romero, V. (2019). Role of emotional |
| intelligence on rock climbing performance. RICYDE: Revista |
| Internacional de Ciencias Del Deporte, 15(57), 284-294. |
| https://doi.org/10.5232/ricyde2019.05706 i
|
|
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RESULTS

Role of emotional intelligence on rock climbing performance

The main results obtained regarding Aim 4, which aimed to explore the emotional domain
by assessing EI across climbers of different skill levels, are outlined in the following
sections.

Descriptive outcomes

Participants aged 18 - 44 years old, with an averaged climbing experience of 11.2 yrs.
For male and 11.7 for female as shown in Table 12. Red-point climbing ability in
women ranged from 6¢ to 7a in advanced climbers (n =9), and from 7a+ to 7¢ in elite
climbers (75" percentile, 7a+, n = 6). In men, climbing ability ranged from 6b to 7c in
advanced climbers (n = 20), and from 7c+ to 8b+ in the elite group (75" percentile, 7c+,

n=8).

Table 12. Descriptive Characteristics of the Study Sample

Male Female Expert Elite

(n=28) (n=14) (n=27) (n=15)
Age (yrs.) 32.8+6.6 38.0+3.6™ 33.8+6.9 35.3+5.4
Weight (kg) 68.2 + 6.5 55.2 + 5,07 64.8 +8.9 62.2+7.7
Height (cm) 173.7+7.6 164.8 + 4,711 171.4+8.0 169.5+7.8
Climbing experience (years) 11.2+75 11.7 £ 5.97f 10.3+6.2 12.8 £ 8.5
Climbing frequency (days per week) 36+£13 28+1.0 32+12 3.7+£13
Onsight climbing performance (Watts 26+0.7 2.0+05" 20+04 3.2+ 05"
scale)
Redpoint climbing performance Ta+ 6c*f 6c 7

** P< 0.001 and *P<0.05 differences between male and female or expert and elite climbers’ group
+1P<0.001 and { P<0.05 differences between male and female or expert and elite climbers adjusted by
age

102



RESULTS

Main outcomes

Ability Emotional Intelligence

The scores from the MSCEIT questionnaire are presented in Table 13. Significant
differences were found for "Facilitation Thought’, Advanced climbers had a significantly
higher measure of 'Facilitation Thought” compared to Elite climbers (110.4 £ 10.6 vs.
102.9 + 11.8, respectively). The same results were found when analyses were performed

adjusted by age.

Table 13. MSCEIT Scores Split by Sex and Climbing Ability of Study I1I.

Male Female Expert Elite
(n=28) (n=14) (n=27) (n=15)

Total score MSCEIT 103.4£10.5 107.5+104 105.1£10.0 104.4+11.8
Areas
Experiential area 104.3+11.0 1085+ 125 107.1+11.8 103.2+11.2
Strategic area 101.7+11.5 104.1+8.0 101.8+9.9 103.9+11.7
Aptitudes
Perceiving Emotions 101.8£13.5 107.6+14.1 104.4+£15.1 102.6 £11.5
Facilitation Thought 107.7£11.0 107.5+12.7 110.4+£10.6 102.9 £11.8*f
Understanding Emotions 969+ 11.9 96.9+7.6 95.7+10.6 99.1+10.7

107.5+10.4 113.3+11.8 110.0 +£10.7 108.6 £12.3

Managing Emotions

MSCEIT scores measured by the Mayer-Salovey-Caruso Emotional Intelligence Test.

* P< 0.05 differences between male and female or expert and elite climbers
1 P<0.05 differences between male and female or expert and elite climbers adjusted by age

Linear regression analyses adjusted for age revealed that "Facilitation Thought” was

inversely associated with the highest red-point ability (b: -7.04 and 95% CI: -14.19 to -

0.10; p < 0.05). The percentage of variance (R?) explained by self-reported grade was

14.5% (Figure 8).

103



130
125
120
115
110
105
100

Facilitation Thought (score)

© ©
o O
| |

RESULTS

95% Cl
— Fitted values

A

0

— 1 0 000 0 00O

Redpoint ability (0 Expert; 1 Elite)

Figure 8. Linear regression analyses between “Facilitation Thought™ and redpoint

ability categories adjusted by age. (3:-8.94 and 95% Cl: -17.71 to -0.16; R? = 0.145; p

< .05) of Study 1.

Trait Emotional intelligence

The scores from the SSEIT questionnaire are presented in Table 15. Skill ‘Expression of

Emotions’ and ‘Regulation of Emotions’ were significantly higher in males than females

(55.6 £5.2 and 43.4 + 3.5, respectively), however, the significance disappeared when

adjusted for age.

Table 14. SSEIT Scores Split by Sex and Climbing Ability of Study III.

Male Female Expert Elite

(n=27) (n=14) (n=26) (n=15)
Total score SSEIT 131.2+10.8 126.4+ 11.1 131.1+11.2 126.7+10.4
Expression of emotions 55.6+£5.2% 522+44 55.6+5.3 524+44
Regulation of emotions 434£3.5 40.7+42 428+4.1 420+3.5
Use of emotions 32.0+4.3 33.4+3.8 32.6+3.3 322+54
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RESULT V. Fear of falling in women: A psychological
training intervention improves climbing performance
(Study 1V).

|

!
Garrido-Palomino, 1., & Espafia-Romero, V. (2023). Fear of falling in |
women: A psychological training intervention improves climbing |
performance. Journal of Sports Sciences, 41(16), 1518-1529. |
https://doi.org/10.1080/02640414.2023.2281157 '
|
|
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RESULTS

Fear of falling in women: A psychological training intervention

improves climbing performance

Following are the main outcomes related to Aim 5, which focuses on assessing the impact
of a psychological training intervention aimed at emotional regulation on anxiety levels
and climbing performance in female climbers with fear of falling.

Descriptive outcomes

On-sight climbing ability ranged from uncompleted lead climbing (ranging from zero) to
a level of 7a. All participants practiced outdoor climbing between 1 and 2 days per week.
The psychological training intervention lasted between 65 and 193 days, with the number
of sessions ranged from four to five. This variation in the number of sessions was due to
differences in the causes and triggers of fear, personality characteristics, and
psychological abilities. The duration of the psychological training intervention was
contingent on the availability of participants to climb every weekend.

Main Outcomes

Climbing ability

The non-adjusted models repeated-measures ANOVA, as shown in Table 15, revealed a
significant Time x Group interaction for Climbing Ability (F (2,28) = 14.23, p < .001, 1,
=.50). Further examination of post-hoc Bonferroni-corrected comparisons indicated that
the main effect of the study group on the change in scores from pre-to-post intervention
was found between PG vs CG in Climbing Ability (p <.01). In contrast, when comparing
PG vs TG, a significant effect on the change in scores from pre-to-post intervention was
found in Climbing Ability (p < .05).

Post-hoc t-tests showed a significant improvement in climbing ability in PG with a mean
difference (95% confidence interval) of 5.54 (95% CI [2.10, 8.99]; ES = 1.37) and of .80

(95% CI [.14, 1.46]; ES = .57) in TG.
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Anxiety and self-confidence

Repeated measured ANOVA analysis showed a significant Time x Group interaction for
Cognitive Anxiety (F (2,28) = 8.63, p = .001, n,> = .38), Somatic Cognitive Anxiety (F
(2,28) = 8.63, p = .001, n,> = .38), Somatic Anxiety (F (2,28) = 9.98, p = .005, n,> = .29),
and Self-Confident (F (2,28) = 26.87, p < .001, np> = .66). Further examination of post-
hoc Bonferroni-corrected comparisons indicated that the main effect of the study group
on the change in scores from pre-to-post intervention was found between PG vs CG in
Cognitive (p < .001), and Somatic Anxiety (p <.01), and Self-Confidence (p <.001). In
contrast, when comparing PG vs TG, a significant effect on the change in scores from
pre-to-post intervention was found in Somatic Anxiety (p <.001), and Self- Confidence
(p <.001).

Moreover, post-hoc tests for the CSAI-2 R questionnaire showed that cognitive anxiety
scores also improved in both PG (=5.18; 95% CI [-7.30, —3.06]; ES = —1.85) and TG
(—2.80; 95% CI [—4.84, —0.75]; ES = —1.05), while somatic anxiety scores was only
improved for PG (—5.72; 95% CI [-8.09, —3.36]; ES = —1.68). Self-confidence also
improved in both PG (5.00; 95% CI [3.80, 6.20]; ES =2.86) and TG (.90; 95% CI [—.19;
1.99] (1.52); ES = .46 for TG). Finally, all evaluated CSAI-2 R parameters remained

unchanged for CG (p > .05) (see Table 15 and Figure 9).
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Figure 9. Effect Size (Cohen’s d) for Climbing Ability, CSAI-2R and MAIA Scores in PG and TG

Relative to CG after Intervention.

Interoceptive awareness

Repeated measures ANOVA showed a significant Time x Group interaction for several
IA subscales derived by the MAIA questionnaire, such as the Noticing (F (2, 28) = 3.78,
p=.035,n,">=.21); Self-Regulation (F (2, 28) = 8.43, p =.001, np> = .37), Body Listening
(F (2,28)=16.99, p <.001, > =0.55) and Trusting scores (F (2, 28) = 6.93, p <.003, n,’
= .33) (see Table 16). A non-significant interaction was found for Not- Worrying, Not-
Distracting, Emotional Awareness, and Attention Regulation subscales (F between 1.22
and 3.18; all p values > .05). Post-hoc Bonferroni analyses revealed significant
differences for change scores from pre to post comparison between PG vs CG in Self-
Regulation (p <.001), Body Listening (p <.001) and Trusting (p <.01). When comparing
PG and TG, significant differences were found in change scores from pre- to-post for
Body Listening (p <.001) and Trusting (p <.05).

Post-hoc t-tests for the MAIA questionnaire revealed changes at the PG for Noticing (.95;

95% CI [.16, 1.74]; ES =.99); Attention Regulation (.86; 95% CI [.36, 1.35]; ES =0.99),
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Self-Regulation (1.29; 95% CI [0.66, 1.93]; ES = 1.79), Body Listening (1.67; 95% CI
[0.97; 2.36]; ES = 1.84) and, Trusting (1.42; 95% CI[0.46; 2.38]; ES = 1.40). TG showed
changes in the MAIA subscales of Attention Regulation (0.34; 95% CI [—.04; .72]; ES
= .28) and Self-Regulation (.50; 95% CI [—.11; 1.11]; ES = .45). Moreover, all TA
parameters measured by the MAIA questionnaire remained unchanged for the CG
(p > .05), except for the Not-Distracting subscale, which showed a significant change (p

= .026) (see Table 16).
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Table 15. Descriptive Characteristics and Baseline Scores for Anxiety and Interoceptive Awareness Questionnaires Shown as Mean (Standard

Deviation).
(niéll) Con(tIrl(ill(g)roup Tran(llllnzg1 (()})roup Psychozzillcla)l Group ?Izlz(?z\g n?  Power (%)

Age 33.23 (6.84) 33.19 (8.05) 34.03 (6.04) 32.55(6.93) 0.12 0.891 0.01 6.60
Years Climbing 5.55(4.21) 430 (2.41) 5.70 (5.91) 6.55(3.72) 0.74 0.486 0.05 16.29
Outdoor Climbing Days per Week 1.55(0.51) 1.43 (0.48) 1.6 (0.52) 1.73 (0.47) 2.09 0.143  0.13 39.22
Intervention Duration (Days) 119.11 (24.26) 117.17(4.94)  116.13 (3.80) 123.58 (41.18) 0.28 0.757  0.02 9.00
Climbing Ability 2 11.26 (4.45) 11.7 (1.77) 12.00 (2.00) 10.18 (7.14) 0.49 0.616 0.03 12.38
Anxiety measures

Cognitive anxiety 13.80 (3.29) 13.2(3.1) 14.1 (4.3) 14.1 (2.6) 0.24 0.790  0.02 8.57
Somatic Anxiety 15.12 (3.34) 14.5 (3.5) 15.8 (2.7) 15.1 (3.9) 0.36 0.699 0.03 10.24
Self-confidence 9.74 (2.2) 10.0 (2.4) 9.20 (1.8) 10.0 2.4) 0.45 0.643  0.03 11.56
Interoceptive Awareness measures

Noticing 3.11(0.9) 3.42(0.5) 3.32(0.8) 2.64 (1.1) 2.74 0.082 0.16 49.70
Not-Distracting 2.67 (0.61) 2.30(0.6) 2.73 (0.5) 2.94 (0.6) 3.39 0.048 0.19 58.99
Not-Worrying 2.14 (0.81) 2.00 (0.7) 2.40 (0.6) 2.03 (1.1) 0.74 0.485 0.05 16.31
Attention Regulation 2.64 (0.73) 2.86 (0.7) 2.53(0.6) 2.54 (0.9) 0.62 0.543  0.04 12.59
Emotional Awareness 4.12 (0.81) 4.22 (0.8) 4.34 (0.6) 3.82(1.0) 1.22 0311 0.08 24.36
Self-Regulation 2.68 (0.76) 2.92(0.7) 2.8(0.8) 2.36 (0.8) 1.65 0.210 0.11 31.82
Body Listening 2.69 (1.06) 3.00 (0.8) 2.87(0.7) 224 (1.4) 1.61 0.218 0.10 31.08
Trusting 3.10 (1.12) 3.13 (0.6) 3.17 (0.8) 3.00 (1.7) 0.06 0.940 0.004 5.79

2 On-sight climbing ability provided according to International Rock Climbing Research Association (IRCRA) scale-
n?%: Effect size-partial eta squared for baseline comparisons: 12> 0.01 small effect size; n? > 0.06 medium effect size; %> > 0.14 large effect size.
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Table 16. Mean (SD) of Self-Reported Climbing Ability, CSAI-2R and MAIA Questionnaires for Pre-Post-Test in all Groups.

RESULTS

Control Group

Training Group

Psychological Group

Interaction

Effect Size 2

(n=10) (n=10) (n=11) (Time x Group)
Pre Post Pre Post Pre Post F (2.28) p nw? PGVvsCG PGvsTG TGvsCG

Climbing Ability 11.7(1.8) 10.8(4.2) 12.0(2.0) 12.8(2.2)" 10.2(7.1) 157(35 ™ 1423 <.001 .50 +++ +++ ++
Anxiety measures

Cognitive Anxiety 13.2(3.1) 13.0(3.2) 14.1(43) 11.3(3.6)™ 14.1(26) 89(24) ™ 863 .001 .38 +++ ++ o+

Somatic Anxiety 145(3.5) 14.2(4.2) 158(2.7) 158(4.1) 151(3.9) 94(.7)"™ 9.98 .005 .29 +++ +++ -

Self-Confidence 10.0(2.4) 10.2(2.2) 9.2(1.8) 10.1(25)" 10.0(2.4) 15.0(2.1)™ 26.87 <.001 .66 +++ +++ +
Interoceptive Awareness measures

Noticing 3.4(0.5) 3.4(0.5) 3.32(0.8) 3.47(0.6)" 26(1.1) 36(0.8)" 378 .03 .21 +++ +++ +

Not-Distracting 23(0.6) 27(0.4)" 273(05) 25(0.8) 2.9 (0.6) 3.1(0.5) 1.64 213 .10 + + ++

Not-Worrying 20(0.7) 18(0.9) 2.4(0.6) 257(0.8) 2.0(11) 2.6 (0.9) 126 .300 .08 ++ + +

Attention Regulation  2.9(0.7) 2.0(0.5)  253(0.5) 2.87(05" 25(.9) 34(.7)™ 318 .057 .18 +++ +++ +

Emotional Awareness 4.2 (0.8) 4.3 (0.5) 4.34(0.6) 4.42(0.8) 3.8(1.0) 4.4 (0.4) 122 312 .08 +++ + -

Self-Regulation 29(0.7) 27(.7) 280(0.8) 3.30(0.9) 24(.8) 37(.7)™ 843 .001 .37 +++ +++ +

Body Listening 3.0(08) 29(.7) 29(.7) 263(06) 22(4) 39(09™ 1699 <001 .55 +++ +++ -

Trusting 3.1(0.6) 29(1.0) 3.2(0.8) 3.3(0.8) 3017 4407 693 .003 .33 +++ +++ +

* Significantly different from pre-and post-test: “p <.05; “p <.01; ***p <.001
2 Effects size (Cohen’s d) for pre-post pairwise t-test comparisons: - small effect (d < .20); + moderate effect (d > .20); ++ large effect (d > .50); +++ very large effect (d >

.80).
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INTEGRATED DISCUSSION

Previous studies have revealed that climbing requires a high level of psychological skills.
Therefore, it seems logical to infer that these demanding psychological skills will be
reflected in differences in cognitive and emotional abilities among climbers of different
levels. Based on this reasoning, throughout the four articles and the development of the
patent that comprise this Ph.D. Thesis, we aimed to enhance understanding of
psychological parameters such as cognitive, emotional, and brain activity domains in
climbers of various levels, from recreational to elite, specifically examining how these

factors interrelate and contribute to climbing performance.

Cognitive domain in climbing

To address cognitive issue, after an exhaustive analysis of the available literature
indicating that climbing appears to demand high attentional demands (Bourdin et al.,
1998), our first objective was to investigate the relationship between attention, as
cognitive domains, and climbing ability, while accounting for other influencing factors
(ANNEX I). The results of the analyses showed that higher-level climbers exhibited
greater accuracy in their responses during an attention task. Additionally, sex, age,
experience, and cardiovascular capacity emerged as predictors of this relationship. This
advantage in the attentional control of climbers, associated with their on-sight climbing
level, could be explained by direct climbing practice, within the framework of the
cognitive skills hypothesis, which suggests that sport can be a potential moderator in
cognitive development (Singer, 2000; Voss et al., 2010). In contrast, the absence of
observed differences related to redpoint climbing ability could be indicative of the higher
attentional demands of the on-sight climbing style, due to the lack of prior knowledge

about the route (Giles et al., 2014).
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Similarly, despite literature highlighting the involvement of WM during climbing (Green
& Helton, 2011), previous studies show contradictory results regarding differences in
memory capacity among climbers of different levels (Heilmann, 2021; Whitaker et al.,
2019). Therefore, our second objective focused on investigate the relationship between
WM as cognitive domains, and climbing ability, while accounting for other influencing
factors. Additionally, to strengthen our study, we examined differences in WM capacity
and PFC hemodynamic responses during a WM task between different ability groups in
climbing and female and male (ANNEX II). Surprisingly, our analyses showed that
higher-level climbers had lower WM capacity compared to lower-level climbers, when
considering sex, age, education level, and climbing experience. Furthermore, these results
are reinforced by differences found in cerebral hemodynamics during the execution of the
WM task. However, during the WM task, higher-level climbers made fewer errors, and
the RT for incorrect responses or errors was longer. Overall, these results, although
unexpected, are consistent with previous findings by Heilmann, (2021) and with previous
literature indicating that sex (Voyer et al., 2017), age, and education level (Archer et al.,
2018) moderate WM capacity. These findings could have an evolutionary explanation. A
higher WM capacity, especially in lower-level climbers, may lead to greater visual
attention in detecting dangerous stimuli (Wood et al., 2016). A lower WM capacity could

imply more efficient cognitive functioning associated with climbing practice.

Given that the available tools only allow for the assessment of WM in a laboratory setting
(Voss et al., 2010), our next objective was to design and develop an innovative tool for
assessing WM in the context of climbing to bridge laboratory research with field
application (ANNEX III). The result was the patent of a utility model through the
development of a system that allows for the illumination of sequences of holds with the

same duration and sequencing as the WM task, thus enabling comparison of results with
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measurements in both laboratory and climbing gym settings. This tool uniquely facilitates
real-time, interactive testing of climbers’ WM, offering a direct assessment of cognitive

processes during climbing.

Emotional domain in climbing

To address the emotional issue, we chose to explore the emotional domain by assessing
EI across climbers of different skill levels (ANNEX 1V), given the detrimental impact of
anxiety on climbing performance (Dickson et al., 2012; Draper et al., 2008, 2010; Fryer
et al., 2012) and recognizing the importance of effective emotional management in
addressing anxiety (Sloan et al., 2017). This analysis, which explored EI based on its two
main constructs, both as trait and ability, revealed significant differences in one of the
components of EI considered as an ability. Specifically, the results indicated that lower-
level climbers showed a higher score in the 'Facilitation of Thought' sub-scale.
'Facilitation of Thought' refers to the ability to use emotions to enhance cognitive
processing and direct attention towards relevant stimuli. This implies the capacity of
emotions to facilitate judgment formation, analysis of personal and group conflicts from
multiple perspectives, as well as the decision-making process (Ferndndez-Berrocal &
Cabello, 2021). This result contributes to a deeper understanding or explanation of why
lower-level climbers exhibit higher levels of anxiety compared to more advanced
climbers in climbing practice. Since anxiety and fear are defensive behavioral responses
that have evolved to enable an organism to avoid or reduce harm and thus ensure survival
(Chen et al., 2022), this may be more prone to use their emotions to focus on the task and
effectively problem-solve as a protective mechanism against potential injury. In this
regard, increased anxiety could serve as a warning signal, prompting these climbers to
pay sharper attention to their surroundings and take additional precautionary measures.
Therefore, the higher facilitation of thought observed in less experienced climbers may
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be associated not only with problem-solving adapted to their skills but also with greater
sensitivity to risk signals and a quicker adaptive response to mitigate potential dangers.
Additionally, we found significant differences in terms of sex, concerning EI as a trait, in
the sub-scales of “emotional expression” and “emotional regulation”. This finding aligns
with previous studies indicating that men tend to score significantly higher than women
in terms of regulating their own emotions and controlling the expression of their own

emotions (Sojer et al., 2023).

Finally, considering that previous literature suggests that female athletes tend to exhibit
higher levels of anxiety compared to their male counterparts, and that the anxiety derived
from lead climbing may affect men and women differently, we addressed our final
objective. This involved evaluating the impact of a psychological training intervention
focused on emotional regulation on anxiety levels and climbing performance in women
climbers with fear of falling (ANNEX V). The main findings indicated that a
psychological training intervention resulted in a significant reduction in anxiety levels,
along with an improvement in climbing performance, self-confidence, and interoceptive
body awareness in female climbers with fear of falling. Additionally, this improvement
was significantly greater when compared to a group of women undergoing individualized
physical training, as well as a control group. Taking these results into account, we can
affirm that given the psychological demands of climbing, a psychological intervention in

women with fear of falling leads to an improvement in climbing performance.

In summary, it is essential to interpret the results of this studies within the framework of
cognition as a whole. Motor behavior involves complex reciprocal influences between
cognition and emotion (Dolcos et al., 2011). During the initial stages of learning, motor
behavior requires greater cognitive control (Seidler et al., 2012), which is modulated by
emotions (Coombes et al., 2005). In this sense, attention is directed by emotionally
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relevant stimuli to protect us from dangers (Green et al., 2014; Soto et al., 2008). Visual
information selected by attention is transiently stored in WM to be used or converted into
a movement program (Ohbayashi et al., 2003). As individuals gain experience, the
information loaded into WM depends on attentional control and its interaction with
information stored in both short-term and long-term memory, which acts as a guide for
selecting and loading information into WM (Cowan, 2010; Vansteenkiste et al., 2019). In
conclusion, within this framework and based on the results of the studies comprising this
Ph.D. Thesis, we hypothesize that in an environment where climbing involves the risk of
falling, individuals with fewer skills may experience an emotional response that captures
their attention due to the complexity and challenges of the environment. Therefore, novice
climbers may pay closer attention to detecting "dangers" (such as the risk of falling) and
would load this information into their WM to respond according to their abilities. The
acquisition of physical-technical skills would be accompanied by an increase in specific
environmental information stored in long-term memory, as illustrates in Figure 10, aiding
climbers in directing their attention toward more precise cues and developing skills in
emotional regulation. They would then load this information into their WM to convert it
into specific movement programs. Furthermore, considering that emotions guide
attention, especially towards potentially dangerous stimuli, an improvement in emotional
regulation would contribute to better attentional control, a decrease in anxiety levels, and

an improvement in performance.
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Figure 10. A schematic representatlon of the hypothesized cognitive functioning differences between climbers of dlfferent ablllty levels.
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CONCLUSSIONS

The present Ph.D. Thesis provides empirical evidence on cognitive and emotional

differences among climbers of different skill levels. More specifically, based on the

results obtained, the main conclusions are presented, detailing the corresponding

publications for each of them.

1.

There are differences in attentional control among climbers of different levels.
Attention is positively related to on-sight climbing ability, evidenced by a higher
rate of correct responses during an attention task by elite climbers compared to
experts. Additionally, sex, age, education level, and climbing experience are
significant predictors of this relationship (Study I).

There are differences in WM capacity among climbers of different skill levels,
and these differences are influenced by sex, age, education level, and climbing
experience. Specifically, higher-level climbers exhibit lower WM capacity
compared to lower-level climbers, once sex, age, education level, and climbing
experience are controlled for. Additionally, higher-level climbers show a longer
RT to errors compared to lower-level climbers. Furthermore, both sex and
education level significantly predict a negative relationship between error rate
during the WM task and on-sight climbing ability (Study II).

The hemodynamic responses in the climbers' prefrontal cortex during the
performance of the WM task show a consistent pattern of increased levels of
oxygenated and deoxygenated hemoglobin in response to a rising WM load (Study
10).

Expert climbers show significantly lower levels of deoxygenated hemoglobin in

both the left and right prefrontal cortex as the WM load increases, compared to
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elite climbers, indicating a greater cognitive effort due to the higher WM load
(Study II).

. The design and development of a tool that allows for the assessment and training
of visuospatial WM in any indoor climbing wall, as well as the analysis and
training of technique through the placement of inertial systems on different body
areas, enables the recording of kinematic variables (Invention).

. There are differences in ability-based EI among climbers of different levels.
Specifically, expert climbers show significantly higher scores in the "Facilitation
of Thought" subscale compared to elite climbers (Study III).

. There are differences between men and women in trait-based EI. Specifically,
male climbers exhibit significantly higher scores in the "Regulation of Emotions"
subscale compared to female climbers (Study III).

. A psychological training intervention reduce anxiety levels and improve climbing
ability, self-confidence and interoceptive awareness in women climbers with fear
of falling (Study IV).

. Psychological training causes a stronger effect than physical training in climbing
ability, anxiety, self-confidence and interoceptive awareness in women climbers

with fear of falling (Study IV).
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LIMITATIONS AND STRENGHS

LIMITATIONS AND STRENGHS

The studies presented in this Ph.D. Thesis are not exempt from limitations, which should

be taken into consideration. Nevertheless, this Ph.D. Thesis also has several strengths that

are detailed below.

Limitations

In Studies I, IT and III the experimental design enables us to uncover the relationships
between variables, but it does not enable us to ascertain potential cause-effect
relationships.

Another limitation evident in Studies I and II is the small sample size. In Study I,
this limitation leads to a relatively low statistical power (ranging between 64.9% to
84.8%) for the primary models, considering the number of covariates. The small
sample size of Study III despite yielding statistically significant results, evidenced a
low statistical power (53.2%). In Study IV, the small sample size hindered the

detection of subtle between-group differences, possibly leading to Type II errors.

In both Studies I and II, despite incorporating sex into the analyses, the limited
number of woman participants constrains the generalizability of the results.
Regarding the invention, one of the primary limitations is the lack of any studies
conducted to verify the validity and reliability of the tool for measuring WM.

The employment of questionnaires is identified as a limitation due to the low internal
consistency observed in certain subscales. Specifically, in Study III, the low internal
consistency of certain subscales of the MSCEIT questionnaire raises concerns about
the reliability of measuring some aspects of EI. In Study IV, the very low internal

consistency values of the Non-Distracting and Not-Worrying subscales of the MAIA
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questionnaire should be regarded as potential indicators of unreliability in measuring
IA.

- One significant limitation in Study IV was the lack of random assignment of
participants to groups, potentially introducing selection bias. Additionally, relying
solely on the absence of fear of falling in the Psychological Training Group to
conclude the intervention without assessing other groups may have inflated observed
effects. Also, the absence of a follow-up period prevents the long-term assessment of
fear of falling control and the maintenance of changes in anxiety, climbing ability, and
interoceptive awareness. Additionally, individual physical training specifics were

neither controlled nor recorded in any group.

Strengths

- To our knowledge, Study I is the first study to measure attention in climbers
quantitatively, providing a detailed evaluation of differences associated with climbing
performance. Represents a novel contribution to the field by offering insights into
attentional mechanisms specific to climbing.

- The Study II contributes to existing research by replicating and expanding upon
previous findings on WM in climbing, thereby strengthening the evidence base.
Moreover, explore additional measures such as error rate, RT, and hemodynamic
responses in the PFC, offering a more comprehensive understanding of the WM-
climbing performance relationship. Additionally, it successfully controlled for several
confounding factors, enhancing internal validity and facilitating a more precise
analysis of the relationship between WM capacity and climbing performance.

- To our knowledge, the Invention is the first tool designed to measure WM in the

specific context of climbing. The design and development of this invention, uniquely
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offers an opportunity to facilitate real-time, interactive testing of climbers' WM,
providing a direct assessment of cognitive processes during climbing.

The Study III had unique access to a highly skilled group of elite climbers and
utilized two types of questionnaires to assess EI based on different theoretical models,
allowing for a broader understanding of EI in climbers.

The Study IV offers novel insights into the effects of an emotion-based psychological
training intervention on anxiety and climbing performance in female climbers with
fear of falling, presenting a unique perspective within the literature. Furthermore, the
detailed description of the psychological intervention methodology enhances
transparency and facilitates replication efforts. Additionally, the utilization of the
Multidimensional Assessment of Interoceptive Awareness (MAIA) questionnaire
provides a quantified measure of IA as part of emotional regulation, thereby
enhancing the robustness of our findings. Lastly, our focus on women climbers, an
underrepresented group within the climbing community, adds value to our research

and may be of interest to both researchers and practitioners in the field.
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FUTURE RESEARCH DIRECTIONS

Throughout the course of this Ph.D. Thesis, along with the research and reflection process
aimed at the best interpretation of our data, we have identified significant differences in
cognitive and emotional variables that impact climbing performance. Hence, in this
section, we propose future research directions and methodological enhancements in the
field of psychological climbing research to advance our understanding of climbing, such

as:

- Examining whether CFR is a predictor of differences in WM between different
ability groups in climbing, as well as between females and males.

- Analyzing the cerebral hemodynamic changes associated with attention among
different ability groups in climbing, as well as between females and males.

- Investigating differences between climbers' levels in other critical cognitive
functions such as response inhibition or problem-solving.

- Exploring potential relationships or interactions between emotion and other
cognitive variables that may impact climbing performance, such as attentional
resources, WM, response inhibition, or problem-solving abilities.

- Employing experimental designs focused on verifying whether climbers with
better attention are less affected by anxiety.

- Examining the potential differences in attention and WM resulting from climbing
training between climbers and non-climbers.

- Studying the reliability and validity of the developed tool for measuring WM in
specific contexts (Autonomous and Portable System for Training Working

Memory and Climbing Technique).
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The purpose of this study was to investigate the relationship between attention (using
two different attention tasks) and self-reported climbing ability while considering potential
confounding factors (sex, age, climbing experience, and cardiorespiratory fitness) in a
group of experienced climbers. Accuracy of response (AC) and reaction time (RT) from
two different attention tasks using the Vienna Test System, along with self-reported
on-sight and red-point climbing ability, were assessed in 35 climbers. Linear regression
revealed that climbers with the highest self-reported on-sight grade had better AC during
the attention task. Linear regression models revealed, after controlling for potential
confounders, that AC, measured using two attention tasks, was positively related to
climbers’ highest self-reported on-sight climbing ability (8 = 0.388; p = 0.031). No
significant differences were found between AC and self-reported red-point climbing
ability (B = 0.286; p = 0.064). No significant relationship was found between RT and
climbing ability (8 = —0.102 to 0.020; p = 0.064). In conclusion, higher-level rock
climbers appear to have an enhanced attention, which is related to on-sight lead
climbing style, and thus, it may be an important component of climbing performance.
Coaches should consider incorporating techniques to train attention based on on-sight
climbing style in climbers.

Keywords: attention, climbing ability, physical condition, performance, on sight, red point, selective attention

INTRODUCTION

Attention is a central feature of all perceptual and cognitive functioning (Chun et al., 2011), which
allows for the selection and processing of information (Kahneman, 1973; Lavie, 2005). Attention
is composed of three distinct networks which are responsible for controlling different attentional
functions; they are orienting, alerting, and executive control (Posner, 2017). Orienting is primarily
responsible for the ability to prioritize sensory input by selecting a modality. Alerting serves to
produce and maintain optimal levels of arousal and performance, a necessary prerequisite for
other attention functions (Peterson and Posner, 2012). Finally, executive control is responsible
for directing attention to relevant and useful information, away from irrelevant information,
and also for inhibiting extraneous stimuli (Roderer et al, 2012). Collectively, these systems
can be overloaded when individuals attempt to multitask and divide their attentional capacity
between selecting information and deciding on action strategies. Consequently, it is unsurprising
that in sports, attention appears to be related to sport practice (Kioumourtzoglou et al., 1998;
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Williams and Davids, 1998; Heppe et al,, 2016; Sanchez-Lopez
et al, 2016; Qiu et al, 2018; Meng et al, 2019). This has
been shown to be the case in sports such as martial arts
(Sanchez-Lopez et al., 2016), basketball (Qiu et al., 2018), soccer
(Heppe et al,, 2016), and volleyball (Kioumourtzoglou et al.,
1998). However, the differences in attention responses seem to
depend on the influence of a variety of information processing
demands associated with each sports modality (Singer, 2000;
Voss et al., 2010).

Specifically, in climbing, several authors have studied
attention and climbing performance (Bourdin et al, 1998;
Nieuwenhuys et al., 2008; Green and Helton, 2011; Young,
2011; Green et al, 2014). It has been suggested that climbing
performance could be associated with attentional control
(Young, 2011), which is associated with postural control and
climbing route difficulty (Bourdin et al, 1998). Young (2011)
demonstrated that while ascending, climbers who were distracted
(via cognitive interference) by a task that necessitated a
heightened degree of attention performed significantly worse
(ie., in terms of increased climbing time) than non-distracted
climbers. Similarly, the effect of attentional interference on
climbing performance was demonstrated by Green and Helton
(2011). The authors suggested that when climbers use their
attentional resources in a task other than climbing (i.e., a memory
task), climbing efficiency and distance ascended decreased. It
has also been shown that attentional demands increase with
the difficulty of a climbing task, which further affects climbing
efficiency (Bourdin et al., 1998). Despite the literature describing
the influence of attention on different aspects of climbing
performance, to date, data investigating the relationship between
attention and climbing performance remain limited. Given the
psychophysiological demands of rock climbing ability (Giles
et al, 2014) which encompass physical and tactical elements
combined with complex psychological traits such as a high self-
confidence and low trait anxiety (Aras and Ewert, 2016), this lack
of research seems unusual.

As rock climbing ability has previously been associated with
a high cardiorespiratory fitness (CRF) (Aras and Ewert, 2016)
and this is known to be related to attention (Colcombe and
Kramer, 2003; Kramer and Colcombe, 2018), it may be that CRF
also has some influence on climbers’ attentional performance.
Greater CRF appears to be associated with a better cognitive
function, which is related to an increased ability of the heart
to deliver oxygenated blood to cerebral structures (Colcombe
and Kramer, 2003), cerebral blood flow (Brown et al., 2010),
and a brain-derived neurotrophic factor (Vaynman et al., 2003).
Luque-Casado et al. (2016) suggested that there is likely to be
a relationship between CRF and sustained attention in sports
performance. Those authors observed that cyclists and triathletes
with higher CRF had shorter reaction times (RTs) than those with
a lower CRF during a sustained attention task. Further, it has
also been proposed that nonathletes with a high CRF may have a
better ability to allocate attentional resources over time compared
to nonathletes with a low CRF during a sustained attention task
(Ciria et al., 2017). Further, Sanabria et al. (2019) speculated
that the relationship between CRF and sustained attention may
be dependent on the type of sport being conducted. Given that

rock climbing has been shown to independently have both a
high CRF (Fryer et al, 2017) and a high attention demand
(Bourdin et al., 1998; Green and Helton, 2011), CRF may be a
physiological mediator that could at least in part explain on-sight
and red-point ability. To our knowledge, the relationship between
ability level (on-sight and red-point), CRF, and attention in rock
climbers has not yet been studied. Therefore, the main purpose
of the present study was to investigate the relationship between
attention (using two different attention tasks) and self-reported
climbing ability, taking into account potential confounding
factors (sex, age, climbing experience, and CRF) in a group of
experienced climbers.

MATERIALS AND METHODS
Participants
Thirty-five sports climbers (10 women), mean age

34.7 £ 6.2 years, volunteered to take part in the study. All
participants were healthy, were nonsmokers, and were not
taking any vascular acting medication. Participants were asked
not to consume food for 4 h prior to testing and to avoid
caffeine and exercise for a minimum of 12 h. All testing sessions
were conducted in the same week, in an environmentally
controlled exercise laboratory. Participants read and signed the
informed consent prior to participation in the study. The study
protocol was approved by the Institutional Review Committee
for Research Involving Human Subjects prior to recruitment;
data collection was performed in accordance with the ethical
standards set by the journal and the Declaration of Helsinki. Data
from this study come from the High-Performance International
Rock-Climbing Research Group (C-HIPPER).

Procedure, Apparatus, and Materials
Participants visited the laboratory once. During the visit,
each participant completed forms for the determination of
informed consent, health history, and demographic data.
Detailed information on climbing experience (years), frequency
(days per week), and self-reported rock climbing ability
were recorded. Two attention tasks (Signal Detection and
Determination Tasks) were administered (counterbalanced) with
a 30-min break between each, using a laptop (15 in., 1,366 x 768
color screen) running the Vienna Test System software
version 26.04 (Schuhfried, Austria). In addition, participants
completed an incremental treadmill cardiorespiratory exercise
test to determine CRF.

Self-Reported Climbing Ability

Rock climbing ability is most commonly expressed in terms of
the best ascent of a route within the last 6-12 months. Routes
are ascended as either on-sight (no prior knowledge or visual
route inspection requiring a screening to find new holds) or red-
point (pre-practiced where the athlete remembers the location
of each hold and the movement required). Climbing ability
was reported as the best grade achieved 6 months prior to
the study. Self-report has been used for on-sight and red-point
performance extensively within the literature (Balas et al., 2017;
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Fryer et al,, 2017; Zarattini et al.,, 2018). It has been shown to be
a valid assessment of on-sight ability level (Draper et al., 2011a).
Climbers had a best 6-month on-sight ability ranging from 6a+
to 8a+ and from 6b to 8b+ for the best 6-month red-point ability
based on the French grading system. In brief, this system is based
on a scale of integers ranging from 4 (very easy) upward to 9
(very difficult) with letter subdivisions of a, a+, b, b+, ¢, and c+
from 6a to upward. In accordance with the Position Statement by
the International Rock Climbing Research Association (IRCRA;
Draper et al, 2016), performance grades were converted from
French Sport to specific numerical values (IRCRA grades) to
enable calculations and statistical analyses. The IRCRA scale
ranges between 1 (very easy) and 32 (very difficult), for reporting
climber ability (Draper et al., 201 1a, 2016). Climbers had a best 6-
month on-sight ability ranging from 12 to 24 and red-point from
13 to 26 based on the IRCRA scale (see Table 1).

Attention Tasks

Signal Detection Task

The Signal Detection Task (SIGNAL, 26.04 versions, Vienna
Test System) was used to evaluate the accuracy of participants’
response (AC) to a visual scanning and selective attention (Chong
and Ong, 2015). This task was characterized by the presentation
ofan infrequentand unexpected target among frequent nontarget
stimuli (distractors) for a relatively long period of time, requiring
participants to be precise in order to detect the objective stimulus
between the distractors. Specifically, during the SIGNAL task,
white dots pseudorandomly disappear and appear on a black
background. Participants were instructed to press the indicated
key with the index finger of their dominant hand each time they
detected a programmed stimulus constellation, created by four
points that formed a square (see Figure 1 for an illustration of
technical terms). Climbers used headphones while performing
the tasks to reduce distraction because of background noise.

The SIGNAL task had a total duration of 840 s (including the
instruction and practice phases). The main practice phase had
1,000 point changes with a total of 60 stimulus constellations, this
task being only trial. The number of correct responses on time as

TABLE 1 | Mean (SD) of the anthropometric, demographic, physical fitness, and
performance data in the care tasks of the participants of this study.

All(n=35) Male (=25 Female (n=10)
Age (years) 34.7 (6.2) 33.5(6.5) 37.9 (4.2
Mass (kg) 64.5(8.6) 68.3 (6.7) 55.2 (5
Height (cm) 171.5(8.0) 173.7 (8.0) 166 (4.9)"
Experience (years) 11.1(7.0) 11.5(7.6) 10.1 (6.7)
Self-reported climbing ability
Best 6-month on-sight 7a (3.0) Tat (2.9) 6b* (1.6)*
grade (French)
Best 6-month red-point 7a+(3.6) 7b (3.7) B¢t (1.6)"
grade (French)
Treadmill measures
Cardiorespiratory fitness 486 (5.3) 50.7 (4.9) 45.1 (4.6)"
(ml - kg - min=1)
Heart rate (bpm) 186.4 (10.5) 188.0(10.9) 182.6 (8.9)

'p < 0.05; +p < 0.001.

a measure of AC in the execution of the task was collected in the
percentage for the final analysis.

Determination Task

A modified version of the S12 Determination Task (DT, 32.00
version, Vienna Test Systems) was used to measure the speed of
motor response, also called RT (Chong and Ong, 2015). This task
was characterized by different temporal uncertainties of stimulus
presentations. Specifically, the DT displayed 10 black-bordered
white squares on a white background, arrayed in two horizontal
rows of five. Each trial consisted of a square being temporarily
filled with one of five different colors, namely, black, blue, green,
yellow, or red, which appeared in one of 10 different locations
(five in an upper row and five in a lower row). Participants were
required to quickly press the corresponding colored button, using
the dominant hand, to score a correct answer (see Figure 2 for an
illustration of appearance terms).

Regardless of the speed of participant response, the colored
square would remain constant for 1,250 ms before being
superseded by the next trial, with a different random square
now colored and another participant response required. The DT
had a total duration of 950 s (including the familiarization and
instruction phases). Familiarization phases were 300 s long and
consisted of 20 stimuli. The instruction phase with a duration of
650 s consisted of three different trials with a total of 540 stimuli
(79 white, 74 yellow, 78 red, 78 green, and 74 blue). Each trial
had 180 stimuli with durations of 1,582, 948, and 1,078 ms for
the first, second, and third trials, respectively. The same random
sequence of stimulus presentation was used for all participants.
Speed response as a measure of RT in the execution of the task
(ms) was collected from each condition for final data analysis.

Cardiorespiratory Fitness

Cardiorespiratory fitness was assessed by an incremental
treadmill cardiorespiratory exercise test using the athlete-
led protocol (Draper and Marshall, 2014). Oxygen uptake
was measured using a portable breath-by-breath expired air
analyzer (K4b>Cosmed, Rome, Italy) weighing 1.5 kg. Data
were transferred continuously via telemetry to a portable laptop.
Breath-by-breath data were recorded continuously before,
during, and after 5 min of running. Breath-by-breath data
were averaged over 10-s intervals and exported to Excel and
STATA for final data analysis. Heart rate and time to exhaustion
were also collected.

Statistical Analyses

All data were found to be normally distributed by Shapiro-
Wilk and had equal variances. Participant characteristics are
presented as mean and standard deviation (SD) for continuous
variables and frequencies for categorical variables. Potential
sex differences for each dependent variable were analyzed
by t-test for continuous variables and chi-square tests for
categorical variables. Pearson correlations were used to examine
the relationship between attention tasks and descriptive climbing
parameters. The Mallow Cp (Mallows, 1973) statistic regression
model was used to find the optimum descriptive variables for
the forecasting of attention tasks and climbing ability. Linear
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FIGURE 1 | Signal detection task from vienna test system.

FIGURE 2 | Detection task (modified version) from vienna test system.

regression was performed to examine the association between
climbing ability (on-sight or red-point) and attention task (AC
or RT). In addition to the performance, covariates were included
in the regression analyses. Specifically, three levels of adjustment
were used: Model 1, unadjusted; Model 2, adjusted for sex,
age, and climbing experience (years climbing); and Model 3,
adjusted for sex, age, climbing experience (years climbing),
and CRF (Cp Mallow: 3.38). Collinearity among the exposures
was checked, and multicollinearity was not found in any of
the models used. For all, the variance inflation factor was
below 10, and the averaged variance inflation factor was close
to 1 (Myers, 1990). It is important to highlight that two of
the participants (both male) were excluded from just the RT
(not AC) analyses because they were color blind. Statistical
analyses were performed using STATA version 14.0 (Stata Corp,

v.rrontiersin.org

College Station, TX, United States). Statistical significance was set
atp < 0.05.

RESULTS

Participant characteristics are shown in Table 1. Males were
younger, heavier, and taller than females (p < 0.05). Moreover,
males had a higher on-sight and red-point climbing ability with a
greater CRF compared to females (p < 0.001 in all cases). Mean
climbing experience was similar in both sexes.

Mean AC and RT measures in the attention tasks for all
participants are presented in Table 2. No significant differences
were found between male and female participants for any
attention tasks, i.e., SSGNAL and DT.
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The relationship between AC and self-reported on-sight
climbing ability is shown in Table 3. Full linear regression
model analysis revealed that AC (measured by SIGNAL detection
task), was positively related with the highest self-reported on-
sight ability (B = 0.388; p = 0.031). However, there was no
significant relationship between AC and self-reported red-point
ability (B = 0.286; p = 0.064) (see Table 4).

The relationship between RT and self-reported on-sight and
red-point ability is presented in Tables 5, 6. Linear regression
analysis revealed that there were no significant relationships
between RT and self-reported on-sight (B = —0.102 to 0.020;
p = 0.304 to 0.680) or red-point ability (B = —0.089 to 0.007;
p =0.306 to 0.893).

DISCUSSION

The current study is the first to assess the relationship between
attention and self-reported climbing ability (on-sight and
red-point) in rock climbers. Further, it is the first to assess how
potential confounding factors may affect the predictive attention

TABLE 2 | Mean (SD) attention tasks [accuracy of response (AC) and reaction
time (RT)] for all participants and by sex.

All (n = 35) Male (n =25) Female (n =10)
Accuracy of response (%) 87.6(6.1) 88.8(5.7) 84.8(6.1)
Reaction time (ms)®
Trial 1 673.03 (50.59) 669.13 (56.4) 682 (34.58)
Trial 2 657.88 (48.07) 650.87 (49.99) 674 (41.15)
Trial 3 665.15 (46.65) 660 (46.71) 677 (46.68)
Total 665.8 (43.6) 660 (46.8) 679 (33.5)

2Two daltonic particpant were excluded from reaction time analyses,
n =33 (23 males).

TABLE 3 | Relationship between accuracy of response (AC; dependent variable)
and self-reported on-sight climbing ability (independent variable) in 35
experienced climbers.

B P R? R? adj
Model 1 0.371 0.028 0.134 0.112
Model 2 0.278 0.161 0.191 0.083
Model 3 0.388 0.031 0.343 0.225

Model 1: unadjusted; Model 2: sex, age, and cimbing expenience (years); Model
3: sex, age, climbing experience (years), and VOomay. B, beta, regression equation;
LCl, lower confidence interval (95%); UCI, upper confidence interval (95%).

TABLE 4 | Relationship between accuracy of response (AC, dependent variable)
and self-reported red-point climbing ability (independent variable) in 35
experienced climbers.

B P R? R? adj
Model 1 0.308 0.072 0.095 0.067
Model 2 0.170 0.182 0.160 0.047
Model 3 0.286 0.064 0.298 0172

Model 1: unadjusted; Model 2: sex, age, and climbing expenence (years); Model 3:
sex, age, climbing experience (years), and VOsmay. B, beta, regression equation.

TABLE 5 | Relationship between reaction time (RT; dependent variable) and
self-reported on-sight climbing ability independent variable) in 33
experienced climbers.

RT [} p R? R? adj
Model 1

Trial 1 —0.086 0.632 0.008 —-0.025
Trial 2 -0.075 0.680 0.006 -0.027
Trial 3 -0.102 0.570 0.011 —0.021
Model 2

Trial 1 -0.033 0.304 0.154 0.033
Trial 2 0.015 0.388 0.133 0.009
Trial 3 -0.033 0.519 0.106 -0.022
Model 3

Trial 1 -0.029 0.442 0.155 —0.002
Trial 2 0.020 0.535 0.134 —0.026
Trial 3 —-0.024 0.645 0111 —0.053

Model 1: unadjusted; Model 2: sex, age, and climbing experience (years); Model
3: age, clmbing experience (years), and VOaopay: B, beta, regression equation;
RT: reaction time.

TABLE 6 | Relationship between reaction time (RT; dependent variable) and
seff-reported red-point climbing ability (independent variable) in 33
experienced climbers.

B P R2 R? adj
Model 1
Trial 1 —-0.024 0.893 0.001 —0.032
Trial 2 —0.051 0.780 0.003 —0.030
Trial 3 -0.089 0.621 0.008 —0.024
Model 2
Trial 1 -0.017 0.306 0.153 0.032
Trial 2 0.007 0.389 0.133 0.009
Trial 3 —0.066 0.506 0.108 -0.019
Model 3
Trial 1 -0.010 0.444 0.155 —0.003
Trial 2 0.014 0.536 0.134 —0.026
Trial 3 —0.052 0.637 0.113 —0.051

Model 1: unadjusted; Model 2: sex, age, and climbing expenence (years); Model 3:
sex, age, climbing experience (years), and VOzpray, B, beta, regression equation.

functioning. The results suggested that attention is significantly
related to on-sight but not red-point climbing ability.

Greater levels of attention in higher-ability climbers suggest
two possibilities. First, there is a degree of self-selection, with
the higher-ability climbers’ performance occurring because of
naturally greater levels of attention. Second, and more likely,
is that higher-ability climbers develop better attention, through
repeated practice of the climbing task that requires them to
detect the hand and footholds when they climb on-sight, as
suggested by the “cognitive abilities hypothesis.” This hypothesis
focuses on the direct relationship between sport practice and the
cognitive abilities which could be associated with the interaction
between the athlete and their specialized environment (Singer,
2000; Mann et al,, 2007). The hypothesis suggests that if volitional
and repeated practice is the driving force behind mechanisms of
brain plasticity (Debarnot et al., 2014), then sport type may be
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also a potential moderator of the sport-cognition relationship
(Fetz, 2007; Voss etal., 2010). As such, different sports appear to
have different influences on cognitive functioning. For instance,
Lum et al. (2002) observed that athletes from externally paced
sports (i.e., soccer) were better at voluntarily orienting attention
to locations where useful information was, whereas athletes
from self-paced sports (i.e., swimming) and/or nonathletes were
not as good at voluntary orienting attention. This may in
part explain why dynamic sports place a high premium on
voluntary allocation of spatial attention. Kioumourtzoglou et al.
(1998) analyzed perceptual speed, prediction, selective attention,
decision making, focused attention, estimation of speed and
direction of a moving object, visual RT, and spatial orientation
between experts and novice basketball, volleyball, and water polo
players. The authors found that expert basketball players had
better selective attention compared to novices. In addition, expert
volleyball players had better focused attention, prediction, and
estimation of speed and direction of a moving object compared
to novices. Lastly, water polo players had significantly better
decision making, visual RT, and spatial orientation than novices.
As such, in the current study, the “cognitive abilities hypothesis”
may in part explain why a better attention in higher-level climbers
could be associated with the characteristics of a difficult route (i.e.,
small holds are more difficult to find).

Analyses, shown in Tables 5, 6, revealed that there was
no relationship between RT and either on-sight or red-point
ability. The absence of a relationship between RT and ability,
together with the differences found in AC, is consistent with
the findings of Wang et al. (2013). Here, the authors suggest
that differences in the execution of tasks and attention may be
found depending on the nature of the sport, ie, whether it
is self-paced or externally paced. The absence of differences in
RT measures between ability groups could indicate the type of
perceptual-cognitive abilities required when climbing. The self-
paced nature of climbing means that the athletes’ performance
is less influenced by temporal pressure and more by the AC.
However, it is also possible that an expert performance would
be characterized by a more strategic and adapted allocation of
the attentional resources (Bourdin et al., 1998). Future research
should investigate this using a sample encompassing athletes with
a range of different abilities from a variety of sports. This would
help to clarify the potential differences between ability levels and
types of sport (self-paced vs. externally paced).

Previous research investigating the relationship between
fitness and performance in attention tasks (Luque-Casado
et al, 2016; Ciria et al, 2017) suggested that CRF was an
important mediator. However, our results do not support such
a relationship. This divergent finding may be because previous
research used different attention tasks and has compared
sedentary participants with trained athletes, whereas the present
study used only trained athletes albeit with different ability
levels. In addition, the importance of CRF and attention has
been investigated in sports where CRF is the primary factor for
performance, such as triathlon and cycling. However, our data
provide evidence in favor of the “hypothesis of cognitive abilities”
associated with the interaction between the athlete and their
specialized environment (Singer, 2000).

Climbing is a sport that demands attention to progress
along the path without falls or failures and without attending
to factors external to the task (e.g., risk to fall) which could
affect performance. These performance advantages in AC on the
attention task could explain why better climbers are less affected
by anxiety when on-sight climbing, as previously reported by
Draper et al. (2011b), particularly given that anxiety results in
part from the failure of the attention network (Ghassemzadeh
etal, 2019). As such, the stronger relationship between attention
and on-sight climbing ability could also be explained by the
absence of anxiety seen in advanced climbers (Fryer et al., 2013),
and thus, they may have an enhanced ability to focus on the
physical movements. One possible explanation for this difference
in the AC in the attention task could be the general training
of climbers, since during climbing, long periods of attention
(i.e., monitoring) are required for good performance (Bourdin
et al, 1998). As suggested by Pijpers et al. (2006), emotional
state (anxiety) affects the attentional control and realization of
affordances, but the inverse may be also possible. In this sense,
we hypothesized that climbers with better attention would be
less affected by the negative effect of anxiety, by focusing only
on the relevant aspects of a climbing task such as the hold type
or foot placement.

The current study did not reveal any relationships between
attention and red-point climbing ability. This finding is likely
explained by the different characteristics between red-point and
on-sight types of climbing. While on-sight climbing requires
visual inspection of the route to look for the best/next hold
to keep ascending, a red-point ascent is defined by a climber’s
previous knowledge of the route, its holds, and the movement
sequences required; thus, the attentional demands of the red-
point style are likely lower. The current study supports the
idea that on-sight climbing requires greater attentional demand
compared to red-point climbing, and this may contribute to
the development of better attention. This is an important
finding that may indicate that the on-sight climbing style could
have a considerable positive learning effect on attention, which
could be an important component of competitive climbing
performance. However, further research is needed to assess if
this learning effect exists and whether it can be trained. As
such, coaches and trainers should consider including strategies
based on practicing on-sight climbing styles instead of the red-
point climbing style.

The findings of the current study may help explain why better
climbers are less affected by anxiety during an on-sight ascent
as seen in previous studies (e.g., Draper et al., 2011b). Further,
greater attention accuracy in better climbers could imply a better
climbing efficiency or perceptual motor performance (efficient
exploration and decrease in the number of typical exploratory
movements) (Orth et al, 2017). This could be very important
for competitive climbing, given that international competitions
use on-sight climbing and a grade of 0.4 (IRCRA) separated
the top four competitors in the 2015 International Federation
Sport Climbing World Cup (Fryer et al., 2016). We have reported
a larger association than a grade between attention and on-
sight climbing ability. This is another key finding that could
suggest that attention or attentional demands may be important
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aspects of competitive rock climbing performance. However, the
small R? (0.14 and 0.32) still supports the concept that climbing
performance is a multifactorial sport. As such, there are likely to
be other cognitive skills (working memory, inhibitory control,
cognitive flexibility, reasoning, etc.) or attentional functions
(alert, orienting, or executive control) (Roca et al, 2018) that
might explain large percentages of variance that we have not
measured in the current study. However, our finding is still
important given that at the top level in climbing, marginal gains
are key to success.

While this research has presented important and unique
findings, to fully contextualize the data, several limitations
should be acknowledged. We performed power analyses on the
multiple regression models presented in this study. For a level
of significance of 0.05, with the current sample size, taking into
account the R? of all the covariates in the model and the number
of covariates, we observed a power of 64.9-84.8% for the main
models. The experimental design allows us to reveal how the
variables are related, but it does not allow us to detect possible
cause—effect relationships. In addition, this study does not allow
us to determine whether there are any differences between
climbers and non-climbers. Given these points, future research
should (1) increase the sample size, (2) conduct an intervention
to confirm whether improving the ability of a climber actually
improves execution in attention or even knowing whether
climber with better attention is less affected by anxiety, and finally
(3) study possible differences in attention as a consequence of
climbing training between climbers and non-climbers.

CONCLUSION

In summary, our results suggest that after controlling for
potential confounding factors (sex, age, climbing experience, and
CRF), attention measured objectively is positively related to on-
sight, but not red-point, climbing ability. This may be explained
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Abstract

Sport climbing requires a combination of physical and cognitive skills, with working
memory (WM) playing a crucial role in performance. This study aimed to investigate the
relationship between WM capacity and climbing ability, while considering confounding
factors. Additionally, it compared differences in prefrontal cortex (PFC) hemodynamic
responses between different ability groups in climbing and sex. Twenty-eight climbers
participated, with WM assessed using the eCorsi task and PFC hemodynamic responses
measured by near infrared spectroscopy. Linear regression analyses revealed a significant
negative relationship between WM and climbing ability. Significant differences were
observed between expert and elite climbers as well as female and male in PFC
hemodynamic responses. These findings suggest that climbers with higher WM capacity
may prioritize threatening information, while higher-skilled climbers may have relatively
smaller WM capacity compensated by attentional control and enhanced learning abilities.
Hemodynamic responses in the PFC supported these differences. The study sheds light
on the role of WM capacity in climbing performance and highlights the potential for

training interventions targeting attention and memory.

Keywords: memory forward; executive function; climbing; brain activity; embedded

processes model of working memory
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Introduction

Sport climbing is a sport that requires a combination of physical and cognitive skills [1],
[2]. One cognitive function that has received attention in the context of sport climbing is
working memory (WM) [3], [4]. WM refers to the process of actively holding and
manipulating relevant information for short periods of time to perform cognitive
processes such as planning and reasoning, which are useful in guiding behavior [1]. The
capacity of WM is limited, typically encompassing around 3 to 5 chunks of information,
and this can vary among individuals [2]. The efficiency of WM is influenced by
attentional control and its interaction with information from both short- and long-term
memory. This information acts as a guide for determining which data is selected and

loaded into WM, as postulated by the embedded-processes model [2].

Researchers have used the dual task paradigm to explore the functional role of WM in the
planning and execution of motor skills among climbers [3], [4]. This paradigm requires
participants to simultaneously perform two cognitively demanding tasks, such as
climbing while recalling a list of words. When both tasks compete for WM processing
and storage demands, performance tends to be less efficient than when tasks are
performed individually [5]. The decline in climbing performance during a dual-task [6],
[7] underscore the role of WM in managing information relevant for planning motor
sequences. However, while the involvement of WM in climbing has been observed [6],
[7] and differences in attentional control related to climbing ability have been identified
[8], the evidence on WM capacity in climbers of different abilities remains unclear [9],

[10].

In a study by Heilmann [10],WM was evaluated using the Corsi block task in a group of
19 climbers with varying abilities (9 females). The self-reported climbing ability of expert

climbers ranged from 6¢+ to 7b, while novice climbers ranged from 5 to 6a on the French
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climbing grade scale. The results revealed that expert climbers had significantly lower
WM capacity (5.33 capacity span) compared to novice climbers (6.50 capacity span).
These findings suggest that experts rely less on WM and more on their motor skills and
experiences in sport climbing. In contrast, Whitaker et al., [9] found no differences in
WM, as measured by the operation span task, between climbers of different abilities in a
sample of 34 climbers (20 females) with self-reported climbing ability ranging from 6a+
to 8b. These contrasting findings indicate that the relationship between WM and climbing
is complex and may depend on other factors, such as sex, age, education, or climbing
experience. Further research is needed to better understand the role of WM in sport
climbing and its contribution to climbing performance.

Neuroscience research suggests that the Prefrontal Cortex (PFC) plays a critical role in
WM [13], [14]. Near infrared spectroscopy (NIRS) has been used to assess cerebral
oxygenation and identify neural activation during WM tasks in the PFC [15]. Studies have
observed that better WM performance is associated with a significant increase in
oxygenated hemoglobin (O2Hb) and deoxygenated hemoglobin (HHb) in the PFC, as
measured by NIRS [14], [16]. Conversely, individuals with higher WM capacity may
exhibit reduced PFC O2Hb, indicating greater neural efficiency compared to those with
lower WM capacity [12]. Therefore, understanding the hemodynamic changes in the PFC
during a WM task may provide insights into the role of WM capacity in climbing

performance.

The present study aims to investigate the relationship between WM capacity and climbing
ability, taking into account other factors that may influence this relathionship.
Additionally, the study aims was to compare differences in PFC hemodynamic responses
during a WM task among different ability groups in climbing, as well as females and

males.
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Methods

Participants

Twenty-eight rock climbers (5 female), aged from 24 to 49 yrs., with a mean climbing
experience of 14.0 years (range, 3 to 30 years) volunteered to participate in the study. The
participants’ anthropometric and demographic data are described in Table 1. All
participants were healthy, non-smokers and not taking any medications that could affect
vascular functioning. Exclusion criterion included a history of neurological or psychiatric
disorders, as well as substance abuse or dependence. The study received ethical approval
from the University Ethics Committee. The data for this study were collected from the
High-Performance International Rock-Climbing Research Group (C-HIPPER).

Self- Reported Climbing Ability

Self-reported climbing ability has been used extensively within the literature [8] and
validated by Draper et al., [17]. The authors proposed a 3:3:3 rule for reporting climbing
grades in research. That is, the climbers’ highest grade for which they have completed 3
successful ascents on 3 different routes (at the grade) within the previous 3 months [17].
In accordance with the Position Statement by the International Rock Climbing Research
Association (IRCRA) [18], performance grades were converted from French Sport to
specific numerical values (IRCRA grades) for all statistical analysis. The sex-specific
75th percentile of on-sight climbing ability was used to describe the sample into expert
(<75th) and elite (>75th) climbers.

Working Memory

The digital version of the Corsi-block task (eCorsi) was administered using an
experimentally validated open-source software system called PEBL [19] to measure WM.
The WM task was conducted on a laptop with a Lenovo 15-inch color screen in an

environmentally controlled exercise laboratory. The WM task began with an encoding
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period, during which participants were presented with sequences of two squares. The
series length gradually increased up to 9 squares, with two sequences were presented for
each series length. The squares were flashed on a background black screen for 1000
miliseconds, with an inter-stimulus interval of 1000 miliseconds. During the retrieval
period, participants were instructed to immediately reproduce the same sequence of blue
squares in the same order as they were presented. If at least one square in the sequence
was reproduced correctly, the next two trials increased the length of the sequence. The
task concluded if participants failed two consecutive trials. Several measurements were
recorded to assess participants’ performance, such as WM capacity, that refers the number
of blocks in the longest correctly reproduced sequence; error rate that represents the total
number of incorrect responses; hit reaction time (RT) for corrects answers, that measures
the speed of response for correctly reproduced sequences in miliseconds; and errors RT,
that captures the speed of response for incorrect answers in miliseconds).

It is important to note that the WM task used in this study focuses on short-term memory
and does not directly address the more complex information manipulation processes
associated with WM. The task parameters and recorded measurements were based on
standardized instructions to ensure consistency and comparability with previous research.
The forward version of the WM task was employed, where participants reproduced the
sequences in the same order as they were presented. This version of the task was chosen
to assess participants' visuospatial working memory capacity in relation to sport climbing
performance.

Prefrontal Cortex Perfusion

PFC perfusion was monitored using continuous-wave near infrared spectroscopy (NIRS)
NIRO-200NX [15]. The optode probe was positioned at Fp2 and at Fpl locations,

following the International 10-20 system of electrode placement [20]. To minimize signal
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contamination from ambient light, the optode was covered with a dark opaque cloth, as
recommended by the manufacturer. NIRs technology relies on the relative transparency
of tissue to infrared light and the oxygen-dependent absorption characteristics of
hemoglobin. The device operates at three wavelengths (735, 810 and 850 nm) to detect
relative perfusion changes.

During the WM task, NIRs measurements were recorded continuously at 0.5-second
intervals. The parameters assessed included the concentration changes in oxygenated
hemoglobin (O2Hb), deoxygenated hemoglobin (HHb), and total hemoglobin (tHb) -
referred to as perfusion-, as well as the tissue oxygenation index (TOI) during the
encoding period. Delta (A) values for tHb, O>Hb, HHb and TOI were calculated as
relative changes with reference to a zero point. Statistical analyses were performed using
values obtained during the baseline (two first trials) and the last two trials of the encoding
period.

Statistical Analyses

Prior to analysis, all variables were assessed for heteroscedasticity by examining the
variance of the residuals, normal distribution using the Shapiro—Wilk goodness-of-fit test,
and equal variance using Levene’s test. All variables were found to be homoscedastic,
normally distributed, and exhibited equal variance. To describe the sample, mean
differences in categorical and continuous variables between expert vs elite on-sight
climbing categories and between female vs male were examined using chi-square or
analysis of variance (ANOVA), respectively. Linear regression analysis was employed to
examine the relationship between WM measurements and on-sight climbing ability.
Confounding variables (sex, age, climbing experience or education level), known to be
associated with WM [11] and at the same time exhibiting a change in 8 coefficients

greater than 10%, were included in the regression analyses. Interaction factors (i.e.
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climbing ability x main exposures) were assessed using the chunk test [22]. As no
significant interactions were observed, all climbers were analyzed together.
Multicollinearity was assessed in all models used in this study. The variance inflation
factor was below 10, and averaged variance inflation factor was close to 1 [23], indicating
the absence of multicollinearity. The relationship of WM and climbing ability was
examined using four adjustment models. Model 1 was adjusted for sex, Model 2 was
adjusted for sex and age, Model 3 was adjusted for sex and climbing experience, and
Model 4 was adjusted for sex and education level. Furthermore, a sensitivity analyses was
conducted among male participants only to assess the robustness of the associations
between WM and climbing ability, considering the limited number of female participants
in this study.

Statistical analyses were performed using STATA version 13.1 (Stata Corp, College

Station, TX, USA).

Results

Baseline characteristics

Mean age of the participants was 37.5 years (range, 24.2 to 49.8 years) and they had a
climbing experience of 14.0 years (range, 3 to 30 years). Descriptive characteristics of
the study population according to the whole sample, climbing ability (expert vs elite) and
sex (female vs male) are given in Table 1. Onsight climbing ability was significantly
higher for elite compared to expert climbers (p < 0.001) and, for male compared to female
climbers (p < 0.001). Moreover, male climbed significantly more days per week than
female (p < 0.05). WM measurements characteristics of the study population according
to the whole sample, climbing ability (expert vs elite) and sex (female vs male) are given

in Table 2.
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Multiple regression coefficients (b), unstandardized regression coefficient (), 95%
confidence intervals (95% CI) and P-value (p) examining the relationship between WM
and climbing ability are shown in Table 3. Negative significant associations were found
between WM capacity and climbing ability for all models (values range: b from -0.611 to
-0.499; B from -0.153 to -0.118; standard error (SE) from 0.05 to 0.06; p < 0.05 for all
models). Further, positive significant associations were also reported between error
reaction time and climbing ability for all models (values range: b from 0.484 to 0.810; 3
from 28.089 to 46.547; SE from 12.05 to 12.88; p < 0.05). Error rate was negatively
associate with climbing ability when sex and education (model 4) was taking into account
in the model (b: -0.487; B: -0.157; SE: 0.07 p<0.05). Non-significant associations were

found for hit reaction time and climbing ability (p > 0.05).

Similar results were obtained when we analyzed the association of WM measurements
and climbing ability only in male participants (n=23); for example, the associations for
WM capacity and climbing ability reported a values range for all models (values range of
-0.583 to -0.524 for b; from -0.168 to -0.145 for B; from 0.05 to 0.06 for SE and all p <

0.05; (data not shown).

Hemodynamic changes (mean and standard deviation) in the PFC during the WM task of
the entire sample, categorized by climbing ability and sex are presented in Table 4.
Significant differences were found between expert and elite climbers in HHb levels in
both Fp1 (MD = -0.80; 95% CI = [-1.43, -0.71]; p = 0.007) and Fp2 (MD = -0.78; 95%
Cl =[-1.34, -0.23]; p = 0.003), as well as in O2Hb levels in Fp2 (MD = 1.23; 95% CI =
[-0.17, 2.63]; p = 0.04) during the WM task. Sex differences were also observed in HHb
levels in both Fpl (MD = 0.75; 95% CI =[-0.06, 1.56]; p = 0.03) and Fp2 (MD = 1; 95%
Cl =[0.33, 1.67]; p = 0.002), as well as in O2Hb levels in Fpl (MD =-1.59; 95% CI = [-
3.18, 0.003]; p = 0.02).
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Figure 1 shows the oxi-and de-oxygenation changes in the right prefrontal cortex of male
and female climbers with different climbing abilities and WM capacities during the WM

task.

Discussion

Rock climbing is a physically demanding activity that requires individuals to navigate
complex routes, make quick decisions, and execute precise movements to ascend rock
faces successfully. These cognitive demands necessitate the effective utilization of WM,
which enable climbers to hold and manipulate information about their environment and
plan their actions accordingly. WM capacity is believed to play a crucial role in supporting
the cognitive skills necessary for climbers. Thus, the primary objective of the present
study is to investigate the relationship between WM capacity and climbing ability,
considering potential confounding factors (sex, age, education level or climbing
experience). Furthermore, the study aims to compare differences in WM capacity and
PFC hemodynamic responses during a WM task between experts and elite climbers, as
well as between female and male. Our findings revealed a negative association between
WM capacity and on-sight climbing ability, even after controlling for these confounding
factors. These results are consistent with a previous study by Heilmann [10], which
demonstrated that novice climbers outperformed expert climbers in a WM task (eCorsi

task) that quantify WM span score.

Two hypotheses were proposed to explain these findings. First, it is possible that WM
capacity serves as an adaptive function for self-preservation, where lower-ability climbers
may perform better due to naturally greater WM capacity. Previous literature has
suggested that higher WM capacity may lead to increased visual attention in detecting
dangerous stimuli (Wood et al., 2016) and, emotional stimuli in WM negatively interfere

with climbing performance (Green et al., 2014). Therefore, our first hypothesis suggests
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that climbers with higher WM capacity may prioritize threatening information (i.e.,

falling distance) in WM, which could impair their climbing performance.

The second hypothesis, based on the “embedded-processes model of WM™ (Cowan,
2010), posits that higher-skilled climbers develop a relatively smaller WM capacity but
compensate for it with better attentional control and information stored in short- and long-
term memory through repeated practice of climbing (climbing experience). This model
suggests a dynamic relationship between WM, attention and long-term memory, where a
smaller WM capacity may be a strength resulting from enhanced learning abilities, and
compensatory mechanisms of attentional control and long-term memory would contribute
to more efficient WM functioning (Cowan, 2010). Previous findings support this
hypothesis, indicating that skilled climbers employ a behavioral gaze strategy (Grushko
& Leonov, 2014), exibit better attentional control (Garrido-Palomino et al., 2020), and
have superior short-term memory for recalling holds and movement sequences (Whitaker
etal., 2019).

Our data also revealed a negative relationship between error rate during the WM task and
climbing ability, when considering sex and education. In contrast to our findings,
Whitaker et al., (Whitaker et al., 2019) did not find any differences in error rate between
expert and elite climbers using the eCorsi task. These conflicting results may be
influenced by confounding factors such sex and education level. For example, previous
studies have shown that females committed fewer errors than male during WM task (Duff
& Hampson, 2001) and higher educational level have a positive effect on preventing error
rate (Zarantonello et al., 2020). Moreover, our findings align with the literature suggesting
that large set sizes in WM tasks, typically involving more than three or four items, can
lead to imprecise memories become and increased errors occurrence (Baddeley, 2003).

The lower error rates observed in climbers higher ability level may explain their more
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spatially efficient route progression and a reduced exploratory behaviors (Orth et al.,

2017).

Interestingly, our results showed a positive relationship between error time and climbing
ability (Table 2). Previous research has suggested that longer RT to wrong answers
reflects the detection and processing of cognitive conflict, including conflict resulting
from errors (Botvinick & Braver, 2015). It has also been proposed than error recognition
is loaded into WM during motor performance or motor learning to update the motor plan
for subsequent actions (Seidler et al., 2012). Larger RT errors could indicate a more
efficient behavior of WM for error detection in elite climbers compared to expert climbers

(Falkenstein et al., 2000).

Regarding our secondary aim, we investigated differences in PFC hemodynamic
responses during the WM task between expert and elite climbers. We found significant
differences between the two groups. Expert climbers showed increased O>Hb
concentration in Fp2, while HHb decreased in both Fpl and Fp2 as WM load increased.
These findings suggest increased delivery or increased metabolic demand in the PFC,
reflecting higher WM performance in expert climbers. These results are consistent with
previous functional magnetic resonance imaging studies that have found positive
correlation between better WM performance and increased PFC activation (McNab &
Klingberg, 2008) (Causse et al., 2017). The observed hemodynamic changes likely reflect
neural activity in response to the mental workload and greater difficulty experienced by
expert climbers during the WM tasks. Additionally, the differences in PFC hemodynamic
responses between male and female climbers during the WM task, in the absence of WM
capacity differences, align with previous studies supporting sex-specific PFC activation
in WM function (Li et al., 2010). Overall, our study sheds light on the role of WM capacity

in climbers’ performance and may have practical application, particularly in the early
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stages of learning. In line with the theory of the “embedded-processes model of WM™
(Cowan, 2010), enhancing short- and long-term memory, as well as attention training,
during the initial learning phase, could contribute to more efficient functioning in
climbing . This could involve strategies such as memorizing routes and movements
sequences or learning to focus attention on critical elements for climbing progression.
However, future research is needed to confirm these potential benefits and explore WM
capacity is like in female climbers of varying ability. By considering these factors,
climbers, coaches, and trainers can optimize their training approaches and improve in

climbing activities.

In order to fully contextualise the findings, we need to recognise both the limitations and
strengths of this study. Firstly, the sample size was relatively small, which may limit the
generalizability of the findings. A larger sample would provide a more representative
picture of the climbing population and enhance the robustness of the results. Secondly,
the cross-sectional design employed in this study prevents the establishment of causal
relationship. A longitudinal or experimental design would offer a deeper understanding
of the influence of WM capacity on climbing performance. Additionally, while efforts
were made to control for confounding factors such as, sex, age, education level, and
climbing experience, it is important to acknowledge the potential influence of
uncontrolled factors, including mood, motivation, and general cognitive abilities. Despite
these limitations, the study also possesses strengths. Firstly, it successfully controlled for
several confounding factors, enhancing the internal validity of the study, and enabling a
more accurate analysis of the relationship between WM capacity and climbing
performance. Secondly, this study contributes to an emerging area of research by
replicating and expanding upon a previous study on WM in the climbing field (Heilmann,

2021). By replicating the findings of Heilmann’s study, our research provides further
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evidence and insights into the influence of confounding factors on WM capacity in the
context of climbing performance. Lastly, the study explored additional measures related
to WM capacity, such as error rate, RT and hemodynamic responses in the PFC. These
additional measures provide a more comprehensive understanding of the relationship
between WM capacity and climbing performance. Furthermore, future research should
investigate whether the observed differences in WM between climbers of different skill
levels, as measured in a laboratory task, are maintained when measured in a sport context,
such as climbing on a rock or artificial climbing wall. This would provide valuable
insights into transferability of WM capacity from controlled laboratory setting to real-

world climbing scenarios.

Conclusion

To summarize, this study shows differences in the cognitive function of climbers, which
contribute to understanding the cognitive processes underlying the behavior of the most
successful climbers. Our results provide evidence of differences in climbers” WM
capacity, which is negatively associated to on-sight climbing ability. Furthermore,
differences in WM capacity between expert and elite climbers seem to be supported by
differences in PFC hemodynamic responses. Such differences in WM could be explained
according to the "integrated WM process model", which postulates that the limit of WM
could be a strength indicating more efficient functioning. However, differences between
male and female climbers in PFC hemodynamic responses seem suggest sex-specific PFC
activation under WM function. While further research is still necessary, climbers, coaches
and trainers should consider the type and amount of information climbers load into their
WM during climbing to prevent errors, enhancing short- and long-term memory and
attention training in early stages.
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Tables

Table 1.

Descriptive Characteristics of the Entire Sample, categorized by Climbing Ability and by Sex.

All sample Expert Elite Female Male
(n=28) (n=19) (n=9) (n=5) (n=23)

Age (yrs.) 37.5+6.6 37.3+6.7 37.9+6.3 38.1+3.8 37.3+7.3
Weight (kg) 69.9 +10.9 72.9£10.7 64.1+£9.3" 554+54 73.2+£9.0"
Height (m) 172.8+8.4 173.4+£6.8 171.6 £11.3 159.8 £4.6 175.7+5.9"
BMI (kg/m2) 23.4+32 242 +34 21.7+1.2 21.7+2.2 23.8+3.3
University studies (%) 39.3 44.4 30 16.7 45.5
Climbing experience (yrs.) 14.0+9.3 12.1+8.6 17.6 +£10.0 11.7£9.5 14.6+94
Climbing days per week 1.8+0.9 1.9+0.9 1.6+ 0.8 1.2+0.8 2.0+0.8
On-sight Climbing range (French V+ to 7c+ V+ to 7a+ 6¢ to 7c+" V+to 7a 6a+ to 7c+"”

scale)

Data presented as mean = standard deviation. * p <0.05, ** p <0.00
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Table 2.

ANNEXES

Descriptive Characteristics of Working Memory Task Performance for the Entire Sample, Categorized by Climbing Ability (Expert Vs Elite), and Sex

All sample Expert Elite female Male
(n=28) (n=19) (n=9) (n=5) (n=23)

Working Memory Capacity 5.6+0.8 5.8+0.8 52+0.7 55+09 5.6+0.8
(Span score)
Error Rate 3.0+09 32+£0.8 27+1.0 30+1.2 3.0+£0.9
(Number of incorrect responses)
Hit Reaction Time (Miliseconds) 5903 £116.3 582.2+111.8 607.5+130.5 559.7+54.3 597.0 £125.7
Error Reaction Time (Miliseconds) 655.4+195.3 608.6 £ 194.4 754.1+165.8  551.5+£773 677.4+195.3

Data presented as mean + standard deviation.
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Table 3.

Multiple Lineal Regression Coefficients Examining the Relationship of Working Memory and Climbing Ability.

Working Memory Capacity (Span Error Rate Error Reaction Time (Miliseconds) Hit Reaction Time
score) (Number of incorrect responses) (Miliseconds)
b B 95% IC ) b B 95% IC P b B 95% IC p b B 95% IC p

Model 1 -0.558 -0.138 -0.25t0-0.03  0.014 -0393 -0.126  -0.26to 0.01 0.069  0.534 31.310 6.49 to 56.13  0.016 0.097 3.374 -13.65t020.40 0.687
Model 2 -0.535 -0.132 -0.25t0-0.02  0.026 -0.435 -0.139  -0.29t0 0.01 0.059  0.527 30.888 431t057.47 0.025 0.083 2912 -1531to21.14 0.744
Model 3 -0.611 -0.153 -0.28 t0 -0.02  0.022 -0.401 -0.128  -0.29to 0.04 0.124  0.810 46.547 21.04t072.05 0.001 0336 11.243 -7.47t029.960 0.226

Model 4 -0.499 -0.118 -0.23t0-0.01 0.038 -0.487 -0.157 -0.30t0o-0.02 0.030 0.484 28.089 1.77 to 5441  0.037 0.128  4.561 -13.71t022.83  0.611

Data are presented as standardized regression coefficient (b), unstandardized regression coefficient (f), 95% confidence interval (95% CI), and P-value (P).
Model 1 was adjusted for sex.

Model 2 was adjusted for sex and age.

Model 3 for sex and climbing experience (years).

Model 4 for sex and education.

Statistically significant associations are in bold.
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ANNEXES

Hemodynamic Changes (Mean and Standard Deviation) in the Prefrontal Cortex During the Working Memory Task of the Whole Sample, Categorized by

Climbing Ability (Elite Vs Expert) and Sex.

All sample Expert Elite Female Male
(n=28) (n=19) (n=9) (n=5) (n=23)

Left Prefrontal Cortex (FP 1)
AtHb (uM) 1.14+1.41 0.76 £1.44 1.94 +1.00" 0.59+1.58 1.26 +£1.38
AO,Hb (uM) 2.48 £1.66 242 +1.91 2.60+1.04 1.17 £ 1.66 2.76 £1.55"
AHHD (uM) -1.20+£0.84 -145+0.87 -0.65+039° -0.58+0.27 -1.33+£0.86"
ATOI (%) 0.80+1.15 0.89+1.28 0.60 +£0.83 0.13+0.70 0.94+1.19
Right Prefrontal Cortex (FP 2)
AtHb (uM) 1.08 £1.53 1.17+1.51 0.88 +1.66 0.95+1.06 1.11 £ 1.64
AO,Hb (uM) 243+ 1.75 2.82 +1.81 1.59+1.36" 1.37+£1.14 2.66 +1.80
AHHb (uM) -1.24 +0.75 -1.50+£0.72  -0.71+£0.54° -0.42+0.28 -1.42£0.70"
ATOI (%) 0.63+1.44 0.73+1.65 0.43+0.89 -0.03+£0.93 0.78 £ 1.50

Hemodynamic changes (A) were calculated as resulting of the difference between baseline values (two first trials) and those sampled during the last two trial of working

memory task.

*p<0.05 indicating significant different the from expert climbers

uM= 10"°mol/L
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Figure. 1.

Oxi- and De-Oxygenation Changes in Right Prefrontal Cortex of Male and Female Climbers with Different Climbing Ability and Working Memory Capacity during Working
Memory Task. (4) Expert Male Climber (6b+ On-Sight Climbing Ability) with 7 Span of Working Memory Capacity. (B) Elite Male Climber (7b+ On-Sight Climbing
Ability) with 5 Span of Working Memory Capacity. (C) Expert Female Climber (5+ On-Sight Climbing Ability) with 4.5 Span of Working Memory Capacity. (D) Elite Female
Climber (6¢ On-Sight Climbing Ability) With 6.5 Span of Working Memory Capacity.
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Supplementary material
Table 1.

Analysis of Normality and Homogeneity of Variances for all Variables.

Shapiro-Wilk test Levene's Test
W p WO or p
Descriptive Characteristics
Age (yrs.) .96 298 24 .627
Weight (kg) .96 424 .04 .843
Height (m) .96 .570 5.31 .030
Body Mass Index (kg/m2) » .93 .073 74 398
Education Level (%) 6892 .56° 453
Climbing Experience (yrs.) * .93 .060 .30 .590
Climbing Days per Week .99 965 .01 920
Climbing Ability .97 496 .64 431
Working Memory Task measures
Working Memory Capacity (Span score) .98 761 2.20 150
Error Rate (Number of incorrect responses) .94 124 91 .349
Hit Reaction Time (Milliseconds) 95 .159 33 .570
Error Reaction Time (Milliseconds) 95 253 .03 .866
Left Prefrontal Cortex (FP 1)
Total Hemoglobin .94 .091 32 579
Oxygenated Hemoglobin .96 334 1.61 215
Deoxygenated hemoglobin .90 .011 7.10 .013
Tissue oxygenation index .98 187 1.36 254
Right Prefrontal Cortex (FP 2)
Total Hemoglobin .95 260 .09 .760
Oxygenated Hemoglobin .97 522 .76 392
Deoxygenated hemoglobin .94 135 .30 .588
Tissue oxygenation index .96 268 1.43 242

~ inverse square root transformed
2 Fisher’s exact test
®+2 from Chi-square test
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Table 2.

Interaction Analysis of Confounding Variables Sex, Age, Climbing Experience, and Education Level for Different Regression Analyses.

95% IC Chunk Test
t

' LL UL P Faw b
Climbing ability x Sex -224 =55 .10 -143 .65 2.05 .165
Working Memory Capacity Climbing Ability x Age -.0002  -.69 .55 -.03 977 0 977
(Span score) Climbing Ability x Climbing Experience (years) -.005 -.02 .006 -96 .349 91 .349
Climbing Ability x Education Level -.043 -.28 .19 -38 71 A5 705
Climbing ability x Sex .090 -.26 44 52 .606 27 .606
Error Rate Climbing Ability x Age -.011 -.03 .01 -1.01 .323 1.02 323
(Number of incorrect responses)  Climbing Ability x Climbing Experience (years) -.008 -.02 006 -1.15 261 133 .26l
Climbing Ability x Education Level .053 =27 .38 34 740 A1 .740
Error Reaction Time Climbing ability x Sex 26.68 -50.46 103.84 .71 482 .51 482
(Milliseconds) Climbing Ability x Age -2.06 -5.57 145 -1.21 239 146 239
Climbing Ability x Climbing Experience (years) .14 -2.07 2.34 13 .896 .02 .896
Climbing Ability x Education Level 12.34  -40.73 6541 48 635 23 635
. . . Climbing ability x Sex 13.21 -3998 6640 .51 613 26  .612
}(I;/tﬁﬁf:eccggg;‘me Climbing Ability x Age 277 324 168 -65 521 42 520
Climbing Ability x Climbing Experience (years) .05 -1.54 1.65 .07 943 .01 943
Climbing Ability x Education Level 21.04 -14.85 5693 121 238 147 .238
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Table 3

Multiple Lineal Regression Coefficients Examining the Relationship of Working Memory and Climbing Ability for Male (n = 23).

Working Memory
Capacity

(Span score)

Secondary outcomes

Error Rate
(Number of incorrect
responses)

Error Reaction
Time (Milliseconds)

Hit Reaction Time
(Milliseconds)

ANNEXES

95% IC
b B / F P R? Adj R’
LL UL

Linear regression model

Model 1. Unadjusted -.584 -.165 =27 -.06 -3.30 10.87 .003* 341 310
Model 2. Adjusted for age -.536 -.151 -.26 -.04 -2.88 5.76 .009* 366 .302
Model 3. Adjusted for climbing experience (years) -.559 -.165 -.28 -.05 -2.98 5.30 .008* 358 291
Model 4. Adjusted for education level -.524 -.145 -25 -.03 -2.76 438 012% 316 244
Model 1. Unadjusted -.369 -.109 -23 .02 -1.82 3.31 .083  .136 .095
Model 2. Adjusted for age -.390 -.115 -25 .02 -1.80 1.64 087  .141 .055
Model 3. Adjusted for climbing experience (years) -319 -.096 -24 .04 -1.44 1.05 368 .099 .005
Model 4. Adjusted for education level -.485 -.146 -27 -.02 -2.42 2.96 .026% 238 157

%

Model 1. Unadjusted 483 34.527 6.11 62.95 2.53 6.38 .020 233 197
Model 2. Adjusted for age 474 33.929 3.39 64.47 232 3.05 .031* 234 157
Model 3. Adjusted for climbing experience (years) .620 44973  16.98 7296  3.36 5.81 .003* 379 314
Model 4. Adjusted for education level 430 31.090 .16 62.02  2.10 2.49 .049* 208 124
Model 1. Unadjusted 114 4.966 -14.64  -24.57 53 .28 .604 .013 -.034
Model 2. Adjusted for age .095 4144  -1690  25.18 41 17 686  .017  -.082
Model 3. Adjusted for climbing experience (years) 258 11.102 -9.29 31.50 1.14 .65 269  .064  -.034
Model 4. Adjusted for education level .141 6.446 -15.02 2791 .63 39 537 .040 - .062

Note. Data are presented as standardized regression coefficient (b), unstandardized regression coefficient (), 95% confidence interval (95% CI), lower confidence interval (LL),
upper confidence interval (UL) and P-value (p). * p < .05 indicating statistically significant associations.
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Figure 1.

Studentized residuals

Analysis of Residuals from the Regression Models (A) Model 1. Adjusted for Sex, (B)

Model 2. Adjusted for Sex and Age. (C) Model 3. Adjusted by Sex and Climbing

Experience, (D) Model 4. Adjusted by Sex and Education Level.
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ANNEX III. AUTONOMOUS AND PORTABLE SYSTEM FOR TRAINING
WORKING MEMORY AND CLIMBING TECHNIQUE.
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ANNEXES

SOLICITUD DE MODIFICACION EN NOMBERE DE INVENTORA POR ERROR
EN EL MISMO.

Expediente: U202231081

Titulo: SISTEMA AUTONOMO Y PORTABLE PARA EL ENTRENAMIENTO DE LA
MEMORIA DE TRABAJO Y LA TECNICA EN ESCALADA

Con fecha 27 de junio de 2022, 1a Universidad de Cadiz presentd la solicimd de modelo de uilidad

de referencia TU202231081, el cual fue concedido con fecha 04/ 10,/2023.

En la instancia de soliciod presentada, se incluia un error en el sepundo apellido de Iz primena de

las inventoras.

Concretamente, el segundo apellido de la ioventora con DND Z0039180% aparece como

“PALOMOT, cuando su ortogratia correcra es “PALOMINO™,

Diehideo a que se trata de un error manifiesto, recogido en l instancia que remitimos en la solicitud,
se ruega la correccion del mismo en virtud del ardcalo 49 de la Ley 24/2015, de 24 de julio, de

Patentes.
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DESCRIPCION

SIETEMA AUTONOMO ¥ FORTABLE FARA EL ENTRENAMIENTD DE L MEMOFL
DE TRABAID ¥ L TECHICA EN ESGALADA

SECTOR DE LA TECHICA

Esla insgnoion so refiers a un sistema que pemibe el enfrenamienie de & Memona de
Trabaps v la 1ecnca deporira en o deporio de escalada.

ANTECEDENTES DE LA INVENCION

La ¢scalada es un deporie en auge donde se reguene un gran esfuerza fisioo, una
tborica depunda y una oorredta lomade dedlsiones. Par el irabaps deeshe UHims facior
of lundamental & desamalo de la denominada Memaona da Trabaga, &si como kos
prooesos de adquisicon, oonsolidacion, manterimisnia y eouperacion de la informacion
on la memania a corto ¥ medio plazo.

La Momoria de Trabajas o memona operalsm, So pucde explicar OOMda un conpria die
prooEscs gue nos pemmilen o almacenamienlo ¥ manipulacion femporal de
informacon pam la realizacidn de areas cogritivas compleias. Mas pemiie lener la
capacidad de mamiener iemporaimenie informadon visoespacal, OOMo pLsden sor
localizadones espacales O SsoCuencias de movimienios. Ademas. nos posiblia
planificaciin, oecucion de deteeminados mowmienios y llevar & cabo un
comporiamienio (Baddeky, 20030 Una caracforistcn distindva de la Memana de
Trabapo g5 quee se orsidema que Hene una capacidad imiada, pomue Se SUponE que
I imlommacian almacenada oon precskcn orsta de soko 3 o 4 clementas inlpgradas
iBaddedey ¥ HEch, 1874}, Cuando s¢ ocede ol almacenamientc, aumenta ol naomena de
Smares, o gue reduce la predsidn o la nformacon recordada (Almeida, Barbosa, &
Comple, 3015 Muihukrshran, Ahug, Mehta, & Shama, 20146; Hee & Espasilo, 2016).

A5l pues, poses una funcdn fundamental en la planificacidn y ejeoucidan de movimiemas
para [kevar @ caba una condudtia deieminadi Dislindas insesigacionss SHpreEsan Coma
la MT 25 una capacidad limEada ¥ &5 enfrenable {Mornson & Chein, 2011, de ahi
importanca del desamalo de nucvas bonicas y dsposfwos oee penmian su
crlrenami oo,
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For oiro »da, la fecnca deporiva, gue puede ser definida como el procediemiento
desarrollada en b prictca del deporte para resalser una tarea motora defteminada e
la forma mas adeousda. eoondmica ¥ con o mayor rerdmienlo posibke. La bionica
departiva es un Gpo modor ideal gue puede cxpenmentar modiicaciones en funcion die
las croursanciat individuales y d a5 carclerslics de cada depore.

En & sscalada deporifa, debido a s potuliandades de esle deporin, no Son My
rumerncsas las insestigaciones realzadas en el campo e la aval uaoicn ¥ enineramienio
e la Memona de Trabaje, |a éonica deportiva y el conrol del rendimieno Sisioo y menos
artin &n los desarmolics leonolsgcos que ko permitan.

Laos métados ullizados. hasta la fecha para o erfrenamienio de a Memana de Trabapo
s basan on programas inlammafcas que reproducen en o ordenador marcas graficas
disinbuidas de una forma especfica ¥ que posieiormente o usuario ha de reproducir
&n un lempo determinada. Pero dchas marcas graficas o Se reproduoen, Como &S en
she casa, sabne un rocddnomo, nl eslan adapdsdns ol escalads propiaments dicha.

La presenbe invenoion tiene por objedo of desamolo de un sishema que permile enirenar
la Memona de Trabae v la tcnica deporthva mediame o disefo y la reproduccian de
rulas o Frayectorias. sobine un rocodrama, que deberd replicar el escalador iras un lempo
o abseraoon deferminado.

La onginalidad y nowvedad de esia propuesia radica lanto en & forma en que son
generadas las nilas, coma en la foma en que estas son proyecadas on o roosdromao.

En cuario a la genemoidn 3 [as nias, oslas s malzan bien mediante (a3 capladon de
Ios dafos QENEracos (ar SENsSones neroales colocados on el CUBrpo un escalacor gus
realiza proviamentds una nita, o bien immducikéndolas maruaimente a iraves de una
tablcta digilalzadora por parie del eninenadar o Usuanio.

En cuanlc a la proyeccion de las noas sobre ol rochddromo, estas se realizan

prvseciandd una ImageEn goranda por un proyecton [aser, acompafiada 4o la omiseon
de estimulos. auditves, como imbamacidn o instreockanes ol erirenador.
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Fara consegur su objetive, of abjeto de |a invencian se compons de un nomerD variable
de sistomas ingrciales, unalablela diglalmdoraiordenador personal, emisor de sonco,
un prayechor ldser y un software especifioo que pemmille proyectar scbre o rocddromio
imigenes predisefiadas sobre ka nta a realzar por el escalador, proyecoones para el
desarrolla de la Memona de Trabao ¥ proyeccons o represeniadones analomioas de
pasiciones die sus dismnles segmenlios corporales duranie la escalada.

& conlinuacén, se clan algunas ireenciones de métodas de andiisis ya regisiradas,
conockdos por el soldanbe, gue oshe mrsiden cenoanos al objelo de la irvencidn:

LISEAOEEEE - Winsioss prossume semsing rock climiing fandibodd ano' dymamio maatiad
af cesfomined roufing. Esta invenoion se refiens a una presa de escalada que incluye un
MICMOErDoESSdar, UNDS SerSors o preson ¥ unos emsones die hr gus win inakambnio
informa sobre ks tmyeciorias que ha de seguir o escaladar v la preson de apoyo. En
el imverckin son ks mismas presas las que ncorporan sensams de presion, par ko
qui nic s rala de un sslema auldnomo del rocodroma, Irasiadable a oftm rocddnomo,
i gue by diebss incorporar dichas presas especiicas. Por ofro keda, @5t insgnoon no
pemile cuanifcar variables cremdtcas del escalador, producidas por o Wso de
sishomas inerciales para la adquisicikdn oo b posician del escalador, su vedooidad o su
acelorackin duramie el desarmclla del eperocio.

WOAMBOAG0924 T Simuladior oe pavedos 4o ascainga. Esta invenoon se compone de
una estructura afticulsda, oubieria por una superice formada por paneles prepamdos
quipadas pam la prachion oo ks escalada, la sl esh acconada par un sistema molor
comenoonal capaz de mower y fijar una posidon deforminada del conpurda
marmeneda, gobeornado por un dispasilive de conbral convencional  prog ramabie,
miediarte ¢l cual, el usiano sekecciona una pasicon delemminada de ascenson dal
simulador do paredes Jo oscalada, para su empleo, pudiendo ljarse tamas

pasibiidades de ascensiin como el usuano deses prachcar Al igual que la anbenior, st
invencion no mide parimetros bomecdnions del esalador come la cinemdlica o el
desarrolio de la memona de trabajo.

ES2885019: Muro g ascaiada anfficial can supediicin atbeada modular. Esla invenoidn
consishe o un muro de escalada, que comprend e vanos panehes de fonmas conugadas.,
ensamblados entre s por medios de figoitn para fomar una superficie moduar. Su

4
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configuradion as modificable despuds de la recomposidon de bos panehes y unos medios
de unidn de b supedicke modular @ un sopode fijp, Apo MU o un andamiaje. &

diferencea del sishoma propucsto, Mo INConpora SENSOnS de medckn onematcns
isslomas inerciakes], nl b proyveccisn medants haz de luz laser die reconndas,

tmypeeofonas 0 modetos analémiocs dsefindos medianie la lableia digialiredon o @
captackin de s sisiemas inerciales, por o que no permite el entrenamienio de &
Memarna die Trabajo,

LFSFIA? 8487 Hoart rafe monlars ang displops for oimhbing wats. Esla invencion
coniene un Ssiema para monilonzar on una pantalla inccrporada al mure de escalada
la frecuencia cardiaca que poses o escakedor duramie b prictca deportka. Aungus
incorpora sensores de medicion del pulso card@aco, no Incorpona oS sensores 9 fipo
imzrdal, mi la proyeccian de neas, looque imposkdia entrenar b Memana de Trabsgo.

LSAT 3290 Route rooanding, mankng, amd sconng apparsdus S spovt cAmiing wals
Esla imvenciin oomprende un ssiema de conirod ebecirdnco para o regisino de las rulas
qui realzan ks escaldores duante su adfividad doporiiva o reoroalia, penmienddo
rrEporar su reraimienio ¥ enirenamients medianie la gabacon de Bs rulas realzadas
previamenie. Sin embargo, al igual que los sslemas menoionados anteriorments, asia
insenoen no permile @l regisira de vanables cdnemafcas peneadas medianie sensores
inerolales y el modo de regsino de s distiintas rulas v iaypedanas son diferenies a los
quE Sz proponen en la invencion preseniada. Oe igual forma, Emposco induyse
proyecckin mediamie iz Bser de rayecories. predsefadas, por lo que no pearmile el
cnirenamicnio de la Memona die Trabaja nl Tampaoo inoa pora ka emisn o eslimulas
audfvas duranks |3 ejeoscion diol epEmcia.

LT NS0 Equipa afaclomoo o anlrenamiondo para depodes oo asoaioga. Bl abpeto
o I imvendion e oo e un equips de entrenamdento crentado a la cscalada y gue,

formado por un oonurdo de ekemenos eleoimnioss y un ordenadar, pemmile elaborar,
guandar y visualzar nutas de escalada an pandes o moddromos artificlales, par medio
de la aplicacikin de una marca luminesa on ks agares gue forman parie de una nta
a40mids, se puede detechar ka posioon o escalader gracias a conlacios alecinoogs qus
deleotan, par proximidad, parfes del ouspo del escalador. Los conlacios on asis
insenoon estan winculados a oaxda una de oS aganms, permiliendo modicar, en Sempo
redal, @ rula, asl como Wsualzar vanas nias a la wex. Bl sslema de iluminacion permss
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diferenciar los agamres ullzando lupes proyectadas o, allemalraments, medanbes luoes
incorporacas en @ intenar de los agares O presas.

£in embarga, este sshema no ulilza sensones inemales colooados en el escalsdor, sio
quil ulillza sersorns capadiives yoolra lipo de sensones de luminecdon coloodos ol
presa el recodroma. Par oira pare, e neceskdesd de usar un Gpo oo presa delemminado,

requiene la fabrmoaoidn omodfcacon de los agames del propko rooddromo, o cual impide
que Bsie sistiema sea aultnomo. & diferencea de esla insendon, o siloma objeto do

insencidn propuesia por o solcRanie no predsa la modficacion de las presas ni de
rungin atro componients del noosdnomio.

ESIOFETH0LT Equps slacindnics da endramarmyanio e degoios oo escalada El abijpsio
oo b irencion se ol en un eguips 9 enirenamenta oientado prindpalments & b
cscalada ¥ gue, Tommada por un conunto de clementos elecinanicos ¥ un oompiador,
pemile claborar, guardar ¥ viswalzar rulas de osoalada en panches o ooodnomas
anfliciales, por medio de la aplcacidn de una marca luminasa en kas agames que farman
pare de una rula. Adomas, e pueds deteclar la poskcion del escalader gracias a

contactos clécinoes qua detectan por prowmidad partes del cusmio ol escaladar, Las
confachos psian Wnculados a cada uno de los agarnes, permiendo modfoar en Gempo
real la ruba, asl como wisuaalizar variss el a lasee. La insenoon ubilza como afernabiva
a las presas luminadas o usa de un proyeclon [aser, sSnembanga, Suuso o5 O manie
para o marcado allemaivo de las presas. B sslema kampoos permibe ka realzadon de
radeks aratdmcos que peslencrmenie pusden Sor proyeciados por e sistoma de luz

laser. sino que solo permite o marcads de ks presas iuminandolas, Adciknalmene,
rieossidad de que la luz generada par o proyeciar indda en una presa dolemminada
ohliga al ssiema a conccer la ubicacion concreta de dcha presa on el rooodnoms en el
Jque astid inslalada, o oual reduos o auionomea del sislioma especio del roosdmomo,
COm SOUrms &n el caso de ke invenoicn propossta por o solcRane. Por otro ado, este
sishama no incarpora la funcionalidad de inimducr manuaimente nutas a fases de una

tahleta digtalzadara por parte del enfrenador o usuano, nl mencdona el uso de emisores
o sonidas que permila el trabaje de factores psiooogiocs. como las liempos die reacodn,

indcip=tin de prueta, ertmnamients on sluacon e siress u olras capackdades de ka
U iendia ¥ e peloologia del deports.

UISBADEI4SEY: intoractvie cAmbng wad Systom Lsng fouch sonstive, Kwminating,
civmbing hod baolfs and cantrodor. Es un ssiema que ullza unos pemas de sujedon on

ANNEXES

193



1=

i

3L

E5 1302081 U

caifa presa, furminades v sensibles al lack con capacdad do delectar ka presence del
escaladar. Ademads. o sistema esid conectado a Indernet donde se corfigura y pemmibe
@ los usiarics uminar uwra rula o parbcipar en ura ampdia varksdsd de aclividades y
juegos de capaditacidn inleradivos. A dferencia del sslema objrio de la invencian, este
dispositive no permis o antreramento de la Memara de trabajo, ro utilza sensores
inerciales para la medicidn de varnables cnemdlcas y precisa de la modfcadon de cada
presa para poder iluminarias ¥ defini ntas.

LIS20080F28534 1 CAmbing Wak Sysiem. Comprende un rooddromo provisio de varias
presas INstrumentadas oon Sensonss que permilen deteclar |0 preson b e U pi o o
mana cuando &S apoyada. Comprende un sistema de sonido para neprocucin mdsioa y

un dispastivo de oomingd gue penm B rep reducin un deleminad o ragememio misioal. Exfa
dispositivo esh onentado & la parte mas lodica de la escalada, junbo con & neproducosn

oo misica v o desarolo de (uegos. No permie o enfrenamienio de la Memona de
Trabapn, no posee |la capackdad de dsefar nias o aciidades medianie ableta

digilalzadora'panel Bxclil nles capaz de madir vanables dnemaficas medianle sensorns
inzrciakes, | cual nepresenta una clra diErencia con la prEsarin SOl ko

LiS207 6 3543641 Dovice for managing fve Amination of dhe grips of o cémidng Bl

La imverciin se reliem a un dspositive para la gesten de la ibminacidn de s presas
e un rooodnomie oo 8l i de sefalzar recomedos. o luncen de la dilicullad desoaida.
El sistoma es fijado en la pafte posienor de la pared v capaz de emibir un campa
cleciromagniélioo y una luenke de bz Al jgual que los anledones dsposd@yvos
mendonados reguicne la rarsformadon de s presas de escalada, no pommile &
oblonoon ¥ o andlisis de datos cinemalioos, ni el enfrenamienio de & Memaona de

Trabap.

US207532911341: Modwiar ioracive cimbing wa¥ sysiom usihng douch-sanstiee,

fminalied cimbing Aolds, amd confroer Esle disposiio ulilza presas de escalada
iluminadas y sensibles al lacio, capaces de delectar (o presenoa de unoescalador,

lccalzadas «n pancles modulares pana orear un emame inleraciva. B sistemna ostd
consclado a infernet donde se conligura ¥ pemmibe a los usoarios con un dispasitvo
himblEada para 1o web pafcioar en una ampla vanedad de aclividades ¥ juegos. En
csle sslema nuevaments apareos la presence de presas duminadas medanis luces
led o similar inchuidas deniro de la misma presa. A& dierencia de |a invencion propuesta.

7
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I cual utillza un proyeclon par marcar O progeotar imagenes on ol rooddramo & lo gue
siz suma ko cblerckin do varables cnemalicas i dindmicas dol escalador para ka mejora
o la ionica doporfiva, osio sisiema no permbe nirenar o Mamona de T rabasyo.

HO20201 114604 1. Clmbing spsfem on avifol’ rock Hal. La presenie invenciin se
relien: 3 un sistoma de escalada que whilza una pared de neca arlical, que comprends
unas maduios de contral, dspuesios de manera f§a en o propo rocsdnomo, |presas
dispuesias on lugarcs aleatoncs oo ki pancd, sersones oada uno de los cualkes deleots
que o escalador enira an conlaclo oon cada presa Al kgual gus ks oiros sslemas vsias
amerommenie, permile caplar informacion sobre ka ruta realizada por o escalador, pero
red positl B la obfencon de vanables cinemdlcas i dndmicas ni Emeoco pernibe e
aomirenarmients de ka Memona de Trabaja.

HOA02TOBTO83A T: Chmiing wak mith it based oimber foedback cufpod's and syshom
for deivering chiming paffs o mulipie cvnbors an dfferont wals simutanoously.
Cansisie en un recodroma oon mulhed de presas insrumentadas para la delecdon oe
cuando &l escalador comacta oon la presa. Poses un dspositivo de control que penm ke
guiar al escalador a ko largo de la rayeclona gue realza proponedndole olras
altemalivas. También permie la medickin de & fuerza apliada on cada presa v ol

fempo on b que =0 ha apoyado em la misma. 4 igual que o esie de dsposibvos,
requiene la instnomenializacikin o modficadon de cada presa, no ulliza sorsones

imeroiales para & mediden de vanables cnematcas nl dinamicas y o que oS mas
imporianie, no permibe b mmediciin o el enincramento de i Memana de Trabajo.

Azl puss, No S obsenra Qo ninguna Jde las insencknes aneriomenks mencoradas,
tomadas por separado o en cambinacion, pemmila & enirenamento de o Memoria do
Trabapo ni la #eonica 9o escalida, indwgendo a su wez Bs veniaps que apora

irsenoien propussia por el sclicianie, reccgidas an esia memona.

Feferencias bibliograficas:

« Ameida, R., Barbasa, J. & Comple, A {2078). Neural ciroult bass of vsua-spabial
warking memary precsion: a computatonal and behavioral study. Journal of
Meurcphysicdlogy, 114, 18086-1 814,

= Haddohey, A (2003} Working memory: icoking back and kooking forsand. Malure
Maurcsoience, 44 0chober)
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« Baddeley, & 0., & Hich, G. (1574). Working Memary. Psychology of Learning and
Motesatian, B, 4789

«  Muthubrishran, 5. P Ahuja, B Mehta, N, & Sharma, R (2014, Furcbanal brain
microslate predicls the oulcaome ina vissaspatal working memory sk, Bohavicural
Brain Resaarch, 214, 134142,

= Mee, O. E, & Esposito, M. D, [2016). The Representational Basis of Working
Memary. Curment Topics in Behavioral Meurosoences, 213-230

EXPLICACKIN DE LA INYENCION

La prezenip invoncion conssle en un sEloma gue permfe o emenamients de &
Il=marna die Trabsio:

a ) Cue requiene die sor empleado 2n un roodd roms, porD @ S0 wez 25 aultnomo die dicho
rocadroms, @ independemie ¥ pofable permiliendo su funconamiento on ouslquier
rocddroma, sin necesidad de realizar ninguna modificadon o adaptackin de esbe para el

funcioramiento del ssloma

b} Gue permite la generacian y o regisro de ntas de escalada, por dos métocos
dislirias
« Medianie la captacion de los datos generados por sensores inerciales colocados en el

CuSpD un escakdor que reallza previamenle wna rula.

= Mediante su imimducoon manual, & raves de ura akbela dgialzsdor por parte del
Sirenador o usuano.

) G pemile la proyecodn de s rulas generadas sobre un rooddromo, proyectando
una imaegen generada por un proseckar kser

d}j Oue acompanala proyecoon de la emision de estimulos awditives, pudiendo ser esios
de cardcier posivn, como pusden sor imamacikan o insfuccones del enenadar, o e
Cargoier GETESanD oMo pUcds Ser la emsion oo sonkdo ambeents, rukdo U olras

tactores que pusdan alerar la Moica del deportista, que permitan el rabajo de factones
peoologiogs O relacionados oon la neurockenoa
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La invencitn @5 de apicadon para el eshadio de la capacidad fisioa, lcnica v psicologioa
e s escaladoms, pemmibiendo cuanticar variahles ciiemalicas (Bempo, weloodad,

amsiorackin), a=l coma ol desamalo de fackones pskoologioos con a5 la memona D
trabajo v & bSonica ool escalsdar,

Fara la madicen de vanabkes cinélioas, [a invenddn incarpora sensanes inerciales gus
son localzados on koS segmentos conporales como son las muntecas, ohdlos Y cindura

del escalador y coneclados de forma inalimbrca a un ordenador personal oy softeans
pemile & imlamients de |a sofal 3 reproducir an pardalla oS modimerias el mdos
par el deporista.

Adicionalmente, una tableta digialzadora. dotada de un software especiico, permie
intraducr en el ordenador una rula gue Fa de realimar o escalador, unas Mancas gus

idendliquen deleminadas presas, O cualquier olro dato de imercs para o erineramiento
ok lai Mermiaria de Trabayo.

Las rulas gencradas, ya =oa madianle captackin di los dalos genedados por sensores
imeroiabes colocadns om o DusTpo un RSl ador que realza proviamenbs wna ruia, o ben
par su inToducoén manual, a Faws do una lablrla cigialzadora par pane del

arirenador O LsUareo, han die ser pr-u‘pncl:du, por mizdin diz un ﬂ'l:l:ﬂﬂﬂ' BT o simdar,
@ k3 paned del nooddromed durants: un ermind delemminacdo. Tras o pﬂlDl:Hlﬂtllﬂ"Fl:l

Eales mansas oSS T oEn ¥as o scalador of qua ha de ser -::pnzd-l I'I'FTEIEH.IDT dichas

marcas o nias ben escalando sobre ol octdroma o bHen marcandola en @ propio
Ot Enacor.

Es imporianie mencionar que, imdcoralmends, para el regisiro de las vanables
cinemalicas de los deporisias, coma son S0 posicion, weloddad ¥ acekeracen an

realzacen oo un ecomida o un gesic deporivo mediante sisemas ielemelncos se han

wenido uliizanda cquipas informialcos que pemmilen o digialEacon do imagenss de
widieos m para realear Fﬂﬂﬂm un anmialsls 20 o A0 de los

desplazamiendas del deportsia. Su fundamenio es ransiamar mediante la calbracion
de un ssiema de referenca fio. s imagenes grabadas con camaras de aka veloodad
del deporisia y posterommente dgialzadas mediante un software especifios en
coordenacas reakss, |as cualkes mos pEmilian calodar el desplazamienio, la vweloodad
o ka aceleracion del sujsto y los anguios de sus distinas atiodackones. Otros sisiemas
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de digialzacion de imagenes ulizan refeciores de bz que, colocadas om poSCOnes
esiralégicas del cuenpo humano, pusden Ser reconoddos por un software especifioo y

digitalzados &n liempo real

Ein embarga, ¢ sslema prapuesia no precsa de cmams de alta weiocidad, ni un mono
o braps cireemia Ko oon oS gistingdcs erﬂlﬁﬂﬂuﬂimmpmmm.:rﬂ“
son los acekrometras colocados &n posinones esralegiocs del cuerpa diel escalador
los que van a permfr ioular su desplazamkenia, velockdad o trayeciona.

El dsiema esid compussio por un onjuntc de sensones nerceles, of ouales s
lccalizan, entre oiras posiclones posbies, en s motbens, lobilos y ames de escakads
el departista; una @mbiola digiaizadora o dEposRio imlommafios dolado do pantalls
taotl, un ordenador personal con un software especifico. un sslema de emision de
sonido ¥ un proyeclor Bser.

Loz esiudos de la Momona 92 Trabajo por ks neuccienoias han masirado gus @

oEroiced ¥ oS modvimicnios corporalss mediame selwoncias oSincluradas ¥ s
caracherisicas del contexio mejoran y ejercen un electo taciliado, lo cual es, sin lugar a

duda, una gran veriaa para o frabsfo de esta capacedad.

Fara ¢lio, & nvencikdn propuesia pemile e entrenamienio de 1o Sonica en esoalada,
medarte o vsualzadion por pare del deportista de recormdos yao grabados

P, caplados por medio de los sslemas inerciakes o dsefados por madio do
la tabieta digiakzadara.

El sislema pamniie ademis la medicion de varables fundameniales en psicologla dal
SJETTICHD Y MHEUNCC BEnCias, come llempos de reacckan amle estimalos, anle siluaciones

esrosamies o sonidos o magenes aeforiones, elo.

For dbimp, &5 impofante menckanar que fambkn pembe megrar & Bonca de &

escalada medanke la proyecoion de rulas realizadas preyiamenie por algon ascalador
eperio, de Wl forma que e sirm de guia del recoamido, presa donde ha de nealizar o

agame, o cualquier ofra Infarmacian #onica o depodia que ke pemmita una mejora n el
rendimizsmia.
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Erfre s veridaas que apara o sistoma obefo de la invendon respecio del resio da
sisthomas QU famman pare i esiado de 1a lécnica s& encuenirar:

1. Mo ewsien on & achalidad roccdromos preparades para o onfrenamiento de
Wemania de Trabag ¥ solo & han abscrvads meddromos con presas duminadas
com fines esitlcos ¥ Weonioos pern g no permdlen e desamolo ool enirenamients
de wsia capacikdad.

2. Mo masko on la actualdad sslema para o entrenambsmia de | escalada que pemmila
ol frabajo de Taclones psicalSgioos o relaclonados on b nevrcdlencia Destacar b
mediciin de iempos die reaccion o de gjecucion ande eslimulos estresantes como

puede ser la emiscn de sonido ambienite, ruida u otros faciores que puedan alterar
I Bcnioa Sl et ista.

3. Pormie que Duslguler roosdmims pleeds sor wWlzado para B proyeccn Rsor o
diferenies rulas ¥ modeolas aratomoos, de fal lomma gue se pueda epemiar
Momana de Trabapo on diversos escenancs. Medianie la ablela dgialzadora y

concciendo la locallzzcion oo s dicrenies presas, o5 pasible representar

gralicamanie @l mosdroma, & [ccalzadon oo Cada prosa para poasberiormenhbs
dizenar recomdos allennalios Qus deberd malzar el escaladar. Tales recimcos. Son
proyectados por la bz ldser para el enirenamiento fisioo y Bcnioo del escalador.

4. Lalocalzadon de sislomas ineciales on diorentes ronas conporabes perm e que ol
sishoma lccalce y poslerormenie reproduzca o poscion oo oada prosa donde o
cscaladar ha colocado Sus mances ¥ ples duranie o esoalada Las osordenadas de
cadi segmena corporal son grabadas por o sslema y pemilen su reproducoion y
proseocian sobne o roosdromo por el haz de iz liser, represeniado & supeto oomo
un modek analimios almbrico.

. Formie sor ubizado como hermmienta para ovauar y oeninenar & Memoria de
Trabape wiso Mmspacial on olras coleclsos, coma packntes con dafio conebral
adquirda a personas oon Trastorno por Dol de Alenciksn @ Hiperactvidad,

5. Sistema poriabil que pusds sor ubizado en oaalpuaer rooodromao, sin reecesidsd de
miadificar su estruclura O instlar presa duminadas difemnies a las qus ya dspane.

1z
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BREVE DESCRIPCION DE LAS FIGURAS

FIGURA 1: Muesira los dierentes componenies del sistema y su ubicactn. En ella se
distirguen ks siguenies componenies:

1. Zorsomms inerciakes

Tabkeia digial EadoraidispositiD infommialco dofada do pantali BcHl

Ordenador parsanal'Sistema die reccpoion ¥ adguisoon oo dalos.

Elstema emisidn da sonkdos.

Proyector ser.

m e R

FIGURA Z: Esquematiza la proweccidn sabre la pared del rocodroma por medo del

proencior Rser & imagen ablenida por parie de ks sensones inerclales de la posicon
o cavda segomeamio corporal del escalador,

FIGURA 3: Esquemaiiza la proyecckin sobre la pared del rocodrama b imagen de una
rula gentrada a Foves de la mblela dgialzadoratdspesivo infomiailico dolada da
paniala ol preyeciada por el proyecior lser, para el enineram e oo la Memoria de

Trabayjo.

REALIZACION PREFERENTE DE LA INVENCIIM

La Sistema aionama ¥ porabie para gl enfenamients de la memona Jde Tabaj v &
beomica en escalda, objelo de la presonbe invERCKDn, comprende oS Sguantes

COMpOrThes

@) Conjunio do sensores inerclales (1] Gracas o esias sSensonss oS posible canocer
digrenies variables cimemalicas, como B poscion, weiockdsd v aocieracion dod
segmaenio comparal dorde eshe s o oalos. Los sensors s inerciales astdn coneclados via
inaliambrca can un ordenadar personal'sistema de recepcion y adquisicikan de dafos.

Las sersones neroliakes 1] deben oodocarse an l.ll}']l'ﬂ'l IJ'I"HﬁgI:I:IE del cunrps del

escalador 0 estaladorn, por ejempka, Wobillcs, mufecas y ames, y pemile deiechar ks
posiciones de cada segments companl.
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El ndmero ianen o8 eslos sEnsones incroales s oo cinco. Cuatrn o8 l0s cinco sensores

imzroiabes wan a sor localzados on kos das fobilas y on s dos mufisoas del doporista
¥ L quinto sensor inerdal o colocado on o annds del escalsdor.

Fara una mayor precsion y defalle dol movimesna S podran indeir ofos lamos
SENSONES inerciakss como S& consdens Snorfard.

Las dalos mpiados por 251058 Sensonis Son iransmildcs e forma inaldmbrica a un
amMenador personalissiema di r:rcup-:b:r.y:dquﬂ:m:la:l.t-:ﬁ.ﬂl-para SU Irafarmiano

¥ a5l cabcular vanables cnemalicas ¥ regsing de rulas ¢ anirenamienios.

b} Tableda digitalizadoraidispositive informdtice dotado de pantalla tactil 2): Este

dspostivo incorpora el soffware necesanc para  indoducic los datos  sobre
pasiconamiendo e oada presa del rocddomo, creando una imagen wriual del mismo y
oo la posioon de oada agame ¥ ademas, ¥ I mas mparianke, permile el dsefio o
marcas, magenes, remodos, o, gus permilen el disefss de rulas de escalada o
marcado de prosas, para sJoanwo al ordenador porsonal'ssiema de reccpcin g
adquiskion die datos.

o] Ordenador personal!Sistema de recepobdn y adquisiclon de datos (3| Dotada de
un sofware especifioo gua:

= Reokss y almacena ks dafos de poscionamenta oo los sensones inercales (1]
que describen o desplazaments realizedo por un escalador &n ol rooodmme y

realza gl irataments y analisis de 1 safal redibida.

« Hedbe ¥ amacena la informacion de las nitas geEnErydas manualmenle on &
fabiota dgilalzadoradspos R imbommadico dolado de pamiala Gl (2]

=« Proyecta la nuia, ya sea generada a partir de bos datos captados por 08 sensores

inerciakes (1) colocados an ol cuepo un esoalador gue real@a previamenie una uta,
O [ (par suinireduccisn manual, 3 raves de una bl digRalzscon'dispg s i

information dotado de pantalla tactl (2) por parie del enirenadar o usuaria, tfanio en
su pantalia como a ravies del prayeclor [ser {5), duranie un iempo delerminado,

durante @ cual o escaldor debora memorzar, para posterioments opeculana
cscalanda sabne ol rocédramo, o reproducina sobee el ordeniadar.
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d} Sistema de emisidn de sonido (4): Compuesto por una o més allavoces que emiben
soffales aoslicas o insrucciones al escalador, Las sefales aousboas puedon ser
programadas por o usuano pas o inkio dd enfrenamienio de & Memana die Trabajo,
cmir sofales de inido / inde kos bests, emilir senidos para tabaos en shuadones de
siress o emilir insTrucciones por parte del entrenador.

2| Proyecior bser (5): El proyecior liser (5) coloado a derta dslancia del rocddromo
progEcia un haz de U Bser gus necrea sobee @l rocodromo el modolo analémioo
deindde por los datos @piados par los sensores inerdiakes {1) colcmmdos on el cusnpo
ool escalador o been los disshos, noias, mancas, oo, que por madio de o tEblets
dgilalzadora‘dsposfiva informitios dotado de pandala a8l (2) han sida creadas por

il LS L anio.

El ssipma permie entrenar la memaria de frabajo de varas formas, siendo las mas
represoriatias s sipaenios:

aj El usuano, por medo de a tableta diglaleadora (2) ¥ medante un sofwans
espacilion, marca o dissfa un reccrmide de presas. Diche disefs sera proyeclado
sobre o roocddromo por media del progecior oo kiser (5) durards un SEmEs
deisminado, duranmies o sl &l esoaldor 1o debera memonmr. Foslenormenio sl
cioalador ko deben gjeoutar escalando sobne el rooddromo O nEpRodUcie en al
odenador personal (1), Duranle el proceso, sefakes aodsicas marcarin ks empos
do inido o de fin. OfFo tipo de jest o informacdon para of rabapo de ofros sistemas de

Mlemarnia o profescs cogniyvas pusden sor disefiados y proyecdados.

by El psoalador una vez preparado con koS sensoms rercales (1) colooados en los
punios anabdmioos, elegdos segin preferencas oo Usuano, e posiclona en el

punio de inico de la via en el roocddromo. Dechos sorsones inercialss 1] son
resglgados o pUESIOS O DOMO PO nicEr 1 emision de los valores de pasioon,
wtoodad ¢ acoeraoon de cada uno de elios. A partir de esie momento ol escalador
inécia la et y &0 Hempo real son emilidos ks daips de cada sorsor inercial y
gmabados por la unidad de conird (3L Un software especifico se ercarga del
ralamiento y analsis de datos en Sempo real. Sefiakes aolstocas pemmilen marcar
Aiemps die inkcio o de fin.
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<l & partirdie bas dakas de posicon, veloodad y aosderacon es posible ohierer el peerfil
do condicidn fisica del escalador v la rula realizada. De igual forma, dicha nia y

Frayeciona sora uliizada para o diseo de larsas v ojrocios para el anireramienio
oo | Femaoria de fabaio, b cual regulens, die kgual Torma deun s harans cspecilico.
Las variabbes ablenidas, como o5 I acoloracen y desplaramiends vorbioal, nos
pammilira, jumio el conocmiena de la masa del escalador, calodar b fusrza y al
Frabajo desarrcdleda. Otras. variables v calcubss cnemidlcos ydindmico s Son tambdn

pasibhEs.

MANERA EN QUE LA INVENCION ES SUSCEPTIELE DE APLMACKIM
INDUSTRIAL

Bo s conskdom neoEsanc haoor mas osdensa oSk Jemcripcian para que Cualguier

cxpario &0 B mabiria comprenda ol alcano: de b insEndon ¥ las ventajas que da
misma s& denwsan.

Loz maferiales, lomna, tamafio vy dsposcian de o elementos sern suscepibles de
warsCckin, siemprs ¥ cuando elono SUponga ura aberckan o kb esenoaldad delimvenio.

Las lErminds en que So ha descrio oshy memors dobssnin Sor Iomados Sempns con
caracior amplio y no limEafsa.
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REIVEBNDICACIONES

Sishema aufdrnoma v portable para el entrenamienio de la memonia de rabao ¥

Ia bcnica en escalnda, basado on b eproduccién de rulas o rayeclonas sobne

un rocsdromo oualtuiera, Sobre el QS No RS MOGCESANa realzar ninguna
adapiacion. camclenzado por que sabre dicho rootdromo, =2 proyech una
imagen generada por un proyecior liser (5) acompafada de & emison oo
cslimulos awdiics (4], duranie un Hempo delerminado, comespondienie & una
rula o frapeciorna, gue Fas un bempo de abseracion, deberd sor reproducida

por gl Escalador, que oompranda

Bl

cl

Un conpuria de sensores inerciales (1), que proporcionan vanabbes
cinemabicas, como B poskckan, yeloodad vy acokeracion dol segmento:
corporal del ususano donde esie se calce, los ouales esidn ooneotadon
wia inaldmbrca com un ordenador persoralssioma de recepoidn
adquisician die dafos (3

Uina tabieta dgilalzad oraddispos Bivo informatioo dotado de pantalia @ctil
(2L gue incarpora softears neoesano para noduce dalos schre el
posioonamients de cada presa del rootdromo, oreando una imagen
wirtual ded msmo y de b poscian de oada agarme ¥ dEefar las nias do
escaleda o marcado de presas, para Su o omeo & andonadar
porsanaksisioma de recepcion y adqusickan de datos (3.

Crdenador personal’s slema de ecepoicn y adguiscion de dalos (3, que
incorpora el sofware necesano para:

= Rechir v almacenar ks dalos de poskcionamients de los sersonss
ingrciaks (1), gue desobon o desplazamients realEados por un
cscaledar on el recodnama § realim &l inlamenio y analss de B setal
recibida.

= Reaibir y almacenar i irkormacion de s ntas generadas mardaimanis
on la kableta digial zadoraddispaositve informatioo dotado de pantalia tactil
2

= Froyeciar la nita, ya sea genorada & partr o los dados caplados por ks
sensons ingrciakes 1) colocados en o cuerpa un escakador gue el
prevamenie und rula, o ben por su intreduccidn manual, @ raeds die una
tabieta digializadonidisposiive informabion dotado de pamala tol [2)
peor parks died entreriador o wsuno, arko on su panbli como a trases del
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proyvector Beer {5, duranie un tiempo determinads, duranies o cual <l

escalxdordeberd mamorizark, para poslenomnenie fpeculana esoalando
sobre &l rooddromo, o eprodudda sobre el crdenador.

d) Sklema de emsidn de sonido {41 Compuesio por uno o mas alavooes
owe ombon sofaks acdslcas o nsineccones @l escalsdar, |las cuakes

pUGCIEN 5o programadas por & usuano.
2] Proyocior lser (5) El cual, colxcado a derfa dslanca del roosdmmo

proyecta un haz de hz bser que recrea sobre esie & modelo araddmico
definida por los dados caplados. por los sensores inerclakes (1) oolocados en

el cuenpa ded escalador o bien ks dseios, rulas, mancas, ele., que por medio
de la fabkfa digllaleadoratdsposivo informabion dofsda do panlala Gicl

(2} han skdo oeados por o uSuans.
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Role of emotional intelligence on rock climbing performance
El rol de la inteligencia emocional en el rendimiento en escalada
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Abstract

Purpose: To investigate the association between emotional intelligence (EI) and self-reported
climbing ability. Methods: Redpoint climbing ability was used as an indicator of rock climbing
performance and EI were assessed as ability and a trait using two different questionnaires
MSCEIT and SSEIT in forty-three climbers (15 females and 28 males). ANOVA was used to
analyse differences between male and female and advanced and elite climbers in EI parame-
ters in both questionnaires. The analyses were also adjusted by age using ANCOVA. Results:
Linear regression analysis revealed that there are no differences between trait EI and climbing
performance, but we found the component " Facilitation Thought’ of EI measured as ability was
inversely associated with the highest red-point ability. Conclusion: Our results suggest that
elite climbers do not use their emotions to facilitate thinking as much as expert climbers, which
is positively related to performance. Future researches should direct to investigate how elite
climbers manage their emotions.

Key words: MSCEIT; SSEIT; emotions; trait; climbing ability.

Resumen
Objetivo: Investigar la asociacion entre la inteligencia emocional (IE) y el nivel de escalada au-
toinformada. Método: Se usé el nivel de escalaga ensayado como un indicador del rendimiento
de la escalada en roca y se evalud en cuarenta y tres escaladores (15 mujeres y 28 hombres)
la IE como habilidad tanto como rasgo, utilizando dos cuestionarios diferentes MSCEIT y SSEIT.
Se utilizé un ANOVA para analizar las diferencias entre los escaladores masculinos y femeninos
y avanzados y élite en los parametros de IE en ambos cuestionarios. Los anélisis también se
ajustaron por edad utilizando un ANCOVA. Resultados: El andlisis de regresion lineal revel6 que
no hay diferencias entre el rasgo IE y el rendimiento en escalada, pero encontramos que el
componente ’facilitacion del pensamiento * de IE como habilidad estaba inversamente asociado
con un mayor nivel de escalada ensayada. Conclusion: Nuestros resultados sugieren que los
escaladores de élite no usan sus emociones para facilitar el pensamiento, en relacién con los
escaladores expertos, lo que se relaciona positivamente con el rendimiento. Las investigacio-
nes futuras deben dirigirse a investigar cémo los escaladores de élite manejan sus emociones.

Palabras clave: MSCEIT; SSEIT; emociones; rasgo; nivel de habilidad de escalada.
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Introduction

port climbing is a complex sport, with success determined by a combination of technical,

physical and psychological characteristics (Espafia-Romero et al., 2009; Watts, 2004). As
such, due to the sports multifaceted nature, examining the individual contribution of
physiological and psychological determinants to sport climbing performance is challenging.
Much of the previous literature has focused on physiological mechanisms, and determinants
of sport climbing (Espaia Romero et al., 2009; Espana-Romero et al., 2009; Espaia-Romero
et al, 2012; Watts, 2004). Although success or failure in sport rock climbing has been
suggested to rely heavily on the psychological state of the performer, there remains a dearth
of research investigating these demands, particularly cognitive behaviour (Aras & Akalan,
2014; Bourdin, Teasdale, & Nougier, 1998; Green & Helton, 2011; Hardy & Jackson, 1996;
Hodgson et al., 2009; Nieuwenhuys, Pijpers, Oudejans, & Bakker, 2008).

In climbing performance context, the psychological characteristics that might contribute to
sport climbing success have been studied (Asci, Demirhan, & Ding, 2007; Pijpers, 7.,
Oudejans, R. R., Bakker, F. C., & Beek, 2006; Pijpers, Oudejans, & Bakker, 2005; Sanchez,
Boschker, & Llewellyn, 2010; Sarrazin, Roberts, Cury, Biddle, & Famose, 2002). Asci et al.,
(2007) suggested that psychological characteristics such as sensation seeking, physical self-
perception and extrinsic-intrinsic motivation of climbers were not related to the difficulty of
routes ascended by climbers. However, literature points out other psychological variables that
might be related to climbing performance. These variables are achievement goals, perceived
ability (Sarrazin et al., 2002) and anxiety (Pijpers et al. 2006; Pijpers, Oudejans, & Bakker,
2005; Sanchez, Boschker, & Llewellyn, 2010). Nevertheless, not all of those psychological
variables seem to affect in the same way. Specifically, task focused achievement goals and
perceived ability seemed to have a positive relationship with climbing performance while that
ego focused achievement goals and anxiety were reported as disrupt in the climbers'
performance. Among those variables, the effect of anxiety on climbing performance has been
specially studied. This effect is evidenced by increases both in climbing time (Pijpers et al.,
2005; Sanchez et al., 2010) and the number of exploratory movements, as well as longer time
periods holding handholds, and slower movements (Pijpers et al., 2005). Conversely, anxiety
may play a different role for some climbers producing an improvement in performance, as
suggested by the theory of information processing efficiency (Calvo & Eysenck, 1992). Thus,
Hardy & Hutchinson, (2007) reported that increased anxiety may be associated with increased
effort and improved or sustained performance. Further, Sanchez et al., (2010) reported that
pre-performance somatic anxiety could be a trait that provides elite climbers with superior
performance, and not one that is detrimental.

Emotions, like anxiety, are present in sport climbing, affecting individual performance and
ultimately success and failure (Robazza, Bortoli, & Nougier, 1998). In sport psychology, the
concept of emotional intelligence (EI), proposed by Salovey & Mayer, (1990), could explain
the process through which people recognise which emotions appear to help performance and
which emotions might hinder performance. Although the ability of athletes to recognise,
control and manage their emotions during sport climbing may influence sport climbing
performance, it has not been examined yet. In mainstream sports such as baseball and cricket,
studies have observed a relationship between EI and performance (Crombie et al., 2009;
Zizzi, Deaner, & Hirschhorn, 2003). Therefore, if the EI of sport rock climbers is related to
performance, then it could be that it is an important psychological component, which could be
integrated into training programs in order to enhance overall performance. As such, the aim of
the study was to examine EI in a range of different ability sport rock climbers.
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Methods

Participants

Forty-three experienced sport climbers (15 female and 28 males) aged 18 - 44 years old from
Spain volunteered to participate. Climbing experience (yrs), frequency of climbing practice
(days per week) and self-reported climbing ability (in accordance with Draper et al., (2011)
are presented in Table 1 by gender and climbing ability.

Climbing ability was reported by the most difficult route completed without falls, without
inspection or prior knowledge (called onsight climbing) and the most difficult route ascended
(without fall or weighting the rope) after having had practice of the route (called redpoint
climbing).

Following a comprehensive verbal description of the nature and purpose of the study, written
informed consent was obtained. The study protocol was performed in accordance with the
ethical standards established in the 1961 declaration of Helsinki and was approved by the
Research Ethics Committee from our University.

Table 1. Descriptive Characteristics of the Study Sample

Male Female Expert Elite

(n=28) (n=14) (n=27) (n=15)
Age (yrs) 328+6.6 38.0+36" 33.8+6.9 353+5.4
Weight (kg) 68.2£6.5 55.2+5.0""" 64.8+8.9 62.2+7.7
Height (cm) 173.7+7.6 164.8 +4.7"" 171.4%8.0 169.5+ 7.8
Climbing experience (yrs) 11275 11.7+£5.9" 10.3£6.2 12.8+85"
Climbing frequency (days per week) 3.6+13 28+10 321%1.2 3.7+13
Onsight climbing performance 26%07 204057 20+0.4 32405
Redpoint climbing performance 7a+ 6c 6¢C 76t

#%P<0.001 and *P<0.05 differences between male and female or expert and elite climbers group

T7P<0.001 and T P<0.05 differences between male and female or expert and elite climbers adjusted by age

Emotional Intelligence measurements

Emotional Intelligence was measured by two different scales, the Mayer-Salovey-Caruso
Emotional Intelligence Test (MSCEIT) (Mayer, Salovey, Caruso, & Sitarenios, 2003),
measuring EI as an ability; and the Schutte Self Report Emotional Intelligence Test (SSEIT)
(Schutte et al., 1998) measuring EI as a trait.

The MSCEIT is an ability-based measure that uses two areas (Experimental and strategic EI)
to assess each of the four factors of EI (Perceiving and Identifying, Using, Understanding, and
Managing Emotions). The questionnaire is made up by 141 items according to the theoretical
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model of Mayer and Salovey, (1997). Separate scores for each factor are provided, as well as
an overall score for total EI; scores can be calculated based on expert or consensus criteria. In
the present study, we used consensus criteria to calculate scores for each of the four factors
and total EI. Scores are standardized (M = 100, SD = 15). MSCEIT usually takes
approximately 45-60 minutes to be completed. Reliability analyses of the MSCEIT with the
standardisation sample suggested that the questionnaire has good internal consistency at the
full-scale, area and factor level (Mayer, et al., 2003).

The SSEIT is a trait-based measure that evaluates how individuals are able to identify,
understand and regulate emotions themselves and in others. The questionnaire is made up by
33 items that they should be answered by a Likert scale from 1 to 5 where 1 is strongly agree
and 5 strongly disagree. SSEIT usually takes approximately 15-20 minutes to be completed.
Reliability analyses of the SSEIT suggested that the questionnaire has good internal
reliability, indicating that the scores were fairly stable over time (Schutte et al., 1998).

Climbing ability performance

Self-reported climbing ability was reported as the most difficult red-point (pre-practised)
route completed without falls within the last 6-12 months. This method has been previously
validated by (Draper et al., 2011). Climbing ability was converted to a standard numerical
scale to enable calculations and statistical analyses according to (Draper et al., 2016). The
sex-specific 75th percentile of red-point climbing ability was used to divide the sample into
advanced (>75th) and elite (<75th) climbers for further analyses following the rationale of
Espaiia-Romero et al., 2009.

Data analysis

All the variables showed a satisfactory pattern after studying their distribution using the
Kolmogorov—Smirnov’s test. The data are presented as mean and standard deviation (SD).
Differences between male and female as well as expert and elite climbers in EI parameters in
both questionnaires were analysed by one-way analysis of variance. The analyses were also
adjusted by age using one-way analyses of co-variance (ANCOVA). Linear regression
analyses were performed to examine the relationship between EI and gender as well as EI and
climbing performance. Statistical analyses were performed using STATA version 14.0 (Stata
Corp, College Station, TX, USA). Statistical significance was set at p < 0.05.

Results

Red-point climbing ability in women ranged from 6¢ to 7a in advanced climbers (n = 9), and
from 7a+ to 7c in elite climbers (75th percentile, 7a+, n = 6). In men, climbing ability ranged
from 6b to 7c in advanced climbers (n = 20), and from 7c+ to 8b+ in the elite group (75th
percentile, 7c+, n= 8).

MSCEIT scores are presented in Table 2. Significant differences were found for "Facilitation
Thought’, Advanced climbers had a significantly higher measure of 'Facilitation Thought’
compared to Elite climbers (110.4 + 10.6 vs. 102.9 + 11.8, respectively). The same results
were found when analyses were performed adjusted by age.
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Table 2. MSCEIT Scores Split by Sex and Climbing Ability

Male Female Expert Elite
(n=28) (n=14) (n=27) (n=15)
Total score MSCEIT 103.4+10.5 107.5 £10.4 105.1+ 10.0 104.4+11.8
Areas
Experiential area 104.3+11.0 108.5 +12.5 107.1+11.8 103.2:+11:2
Strategic area 101.7 +11.5 104.1+8.0 101.8 £9.9 103.9+11.7
Aptitudes
Perceiving Emotions 101.8+13.5 107.6 +14.1 1044+ 15.1 102.6 +11.5
Facilitation Thought 107.7 £ 11.0 107.5£12.7 110.4 + 10.6 102.9 +11.8*t
Understanding Emotions 96.9 +£11.9 96.9+7.6 95.7£10.6 99.1 +£10.7
Managing Emotions 107.5+10.4 113.3+11.8 110.0 + 10.7 108.6 +12.3

MSCEIT scores measured by the Mayer-Salovey-Caruso Emotional Intelligence Test.
* P< 0.05 differences between male and female or expert and elite climbers
T P<0.05 differences between male and female or expert and elite climbers adjusted by age

SSEIT scores are presented in Table 3. Skill ‘Expression of Emotions’ and ‘Regulation of
Emotions’ were significantly higher in males than females (55.6 + 5.2 and 43.4 + 3.5,
respectively), however, the significance disappeared when adjusted for age.

Table 3. SSEIT Scores Split by Sex and Climbing Ability

Male Female Expert Elite

(n=27) (n=14) (n=26) (n=15)
Total score SSEIT 131.2+£10.8 126.4+11.1 131.1+112 126.7 +10.4
Expression of emotions 55.6+5.2* 52.2+44 55.6+5.3 524+4.4
Regulation of emotions 43.4+35" 40.7+4.2 428+4.1 42035
Use of emotions 32.0+43 33.4+338 326+3.3 322+54

Linear regression analyses adjusted for age revealed that "Facilitation Thought” was inversely
associated with the highest red-point ability (B:-7.04 and 95% CI: -14.19 to -0.10; p < 0.05).
The percentage of variance (R?) explained by self-reported grade was 14.5% (Figure 1).
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Figure 1. Linear regression analyses between "Facilitation Thought” and redpoint ability categories adjusted by age
Discussion

Some authors speculate that EI could influence in athletes because they are better able to
perceive, monitor, use, and manage emotions in response to competition stress and use more
effective coping strategies in response to the emotions (Crombie et al., 2009; Zizzi et al.,
2003). This position supports the idea that higher levels of EI could help to reach higher
levels of sport performance.

Given emotions could have negative effects in sport climbing (Green, Draper & Helton,
2014), we might think that EI had a relationship with climbing performance. The main
finding of this study was that elite climbers presented lower scores compared to advanced
climbers for an EI component, i.e., Facilitation Thought’, when it was assessed by the
MSCEIT questionnaire. Differences between EI and climbing performance were not observed
when EI was assessed using the SSEIT questionnaire. While literature on emotional
intelligence argues the use of emotions as a facilitator to improve sports performance, since
participants could take advantage of these emotions in the use of certain cognitive practices,
such as reasoning, problem-solving, decision making and interpersonal communication
(Brackett & Salovey, 2006), we observed contrary results in sport climbers. Therefore, the
results observed in this study show that high and low EI scores may differentiate ability
groups of climbers and may be an important factor for climbing performance. However, it is
necessary to understand those differences in our results are likely due to different approaches
of emotional intelligence, since ability approach of emotional intelligence, assessed by
MSCEIT questionnaire, which is a range that could be modify by training. Whereas trait
approach of emotional intelligence, measured by SSEIT, which are aspects of personality that
are relatively stable over time.

The current study suggests that the ability construct Facilitation Thought’ is related to
climbing performance. Although we hypothesized a priori that elite climbers would exhibit
higher emotional intelligence scores, the differences were in the opposite direction to what we
expected. The relationship observed between 'Facilitation Thought” and sport performance
could suggest that higher scores in this component could be a disadvantage to climbing
performance. In an effort to understand the observed negative relationship between
‘Facilitation Thought™ and climbing performance, a number of reasons may be offered to
explain why elite climbers have a lower EI score, and why this may be advantageous.
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"Facilitation Thought’ refers how emotions may be used in different situations and how they
may be associated with sensations to facilitating of thought and then allowing emotions to
direct attention. In sport psychology, anxiety is generally accepted as an unpleasant emotion
likely to arise when individuals doubt their ability to cope with external or internal demands
(Woodman & Hardy, 2003). Anxiety has an important presence in sport climbing and it has
been observed that detrimentally affect performance in climbers (Green et al., 2014;
Nieuwenhuys et al., 2008; Pijpers et al., 2005). However, it is possible that climbers with
higher levels of ‘Facilitation Thought’ could perceive an increase in anxiety, caused by
emotions present in sport climbing as fear or threat. As a result of this fear or threat, there
may be a disruption in performance which may occur as a result of either attention being
focused on the emotions rather than the task (distraction), and/or conscious monitoring of the
movement and technique (conscious processing) ( Nieuwenhuys & Oudejans, 2012).

Another potential reason for performance disruption may be that climbers with higher levels
of “Facilitation Thought” are more susceptible to experiencing negative emotions because of
the characteristics of the demands of rock climbing. For example, the distance between points
of protection on a route, a fear of failure or a fear of falling (Draper et al., 2012; Draper,
Jones, Fryer, Hodgson, & Blackwell, 2010; Draper, Jones, Fryer, Hodgson, & Blackwell,
2008). Additionally, ‘Facilitation Thought” could facilitate an attention focus on emotions by
causing cognitive interference within the climber (McCarthy, Allen, & Jones, 2013) or by
consuming cognitive resources necessary for motor planning or by altering the climber’s
focus of attention (Green et al., 2014). This would mean they become distracted by the
anguish generated by different types of fear (fear of failure or fear of falling) causing
decrements in performance on tasks, according to Green et al. (2014). Therefore, it could be
possible that a low score on these components of EI, allows elite rock climbers not to interact
with those emotions, that negatively interfering with their limited attentional resources.
Additionally, we suggest it could be possible that elite climbers had attentional superiority
on skill-related rock climbing, that prevent negative emotional interferences that act as a
strong distractor as expose He et al. (2018) in a EEG research with tennis players .

The current study is the first known investigation, which analyses EI as an ability and as a
trait in a non-group/team based sport. Previously, while EI as trait has also been assessed in
individual athletes (Chakarvarti & Lal, 2016) to our knowledge EI has only been measured as
an ability in team sports (Crombie et al., 2009; Crombie et al., 2011; Laborde et al., 2015).
When assessed as a trait using the SSEIT, Chakarvarti & Lal, (2016) observed contradictory
results to ours, with significant differences for EI, as a trait, in 15 individual athletes
categorized at the high-performance group compared to the 8 athletes categorised at the low
performance group. The differences in our results could be attributed to different sporting
contexts, demands or performances promote the development of different psychological skills
or cognitive-emotional functioning (sprinters against climbers) (Schmidt & Wrisberg, 2008).
As suggested by Taylor, (1995) each sport has special physical, technical and psychological
characteristics which requires specific mental abilities for its practicing athletes, what can
make sense of these differences in our results.

Although various authors have repeatedly suggested that variables of a psychological nature
may be crucial to successful climbing performance (Espana-Romero et al., 2012; Watts,
2004), this study is the first study exploring the relationship between EI and climbing
performance and the first with ability measures in an individual sport. Whilst this was the first
study of its type in rock climbers, and there are several strengths such as 1) unique access to a
highly skilled group of elite climbers, and 2) we used two types’ questionnaires to determine
El, there are some limitations that should be recognised. The main limitation concerns the
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sample size. Although the experiment offers statistically significant results, the sample size is
small, which causes the study to have low statistical power (53.2%). Moreover, the
unresolved issues related the controversy in the construct of EI have implications for
researchers and those in professional practice seeking to understand its influence on sports
performance (Laborde et al., 2015). Future research should look to examine possible presence
or interactions between EI and other variables that may influence climbing performance such
as positive affect (Sanchez et al., 2010), self-confidence (Woodman & Hardy, 2003) or
attentional resources (Sanchez-Lopez, Silva-Pereyra, & Fernandez, 2016; Taylor, 1995).

Conclusion

In conclusion, the results of this study suggest that elite climbers have lower ability EI
component score of Facilitation Thought’ compared to advanced climbers when measured as
ability but not trait-based measure. These suggest that there is an ability related with the use
of emotions to facilitating thoughts linked with differences in climbing performance; further
the results imply differences in emotional functioning advantageous for the greatest ability
climbers. Rock climbers and coaches should develop a specific training in mental toughness
or psychological skills direct to regulating and managing emotions in less experienced
climbers. Our findings highlight the needed to consider the influence of other psychological
factors upon sport climbing performance that differentiates between elite and expert climbers.
Future research should be direct to investigate how emotions affect experts and elite climbers,
and how emotions are managed by both types of climbers.
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ABSTRACT

The main purpose of this study was to determine the effect of a psychological training intervention based
on emotional regulation on anxiety and climbing ability in women climbers with fear of falling.
A secondary aim was to compare the outcomes of climbing ability, anxiety, self-confidence and inter-
oceptive awareness (IA) between the psychological group (PG), a training (TG) and a control group. Self-
reported climbing ability, anxiety and IA were assessed using Competitive State Anxiety Inventory-2 and
the Multidimensional Assessment of Interoceptive Awareness questionnaire. Results indicated
a significant improvement in climbing ability for both PG and TG. The PG showed a significant reduction
in cognitive and somatic anxiety, while the TG only exhibited a reduction in cognitive anxiety. Moreover,
the PG demonstrated a greater significant increase in self-confidence compared to the TG. IAimproved in
five subscales for the PG, whereas the TG changed in only two subscales. In conclusion, a psychological
training intervention focusing on emotional regulation might contribute to improvements in IA, reduced
anxiety levels, and enhancements in climbing ability and self-confidence among women climbers facing
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fear of falling.

Introduction

Fear is considered a primary emotion with a protective function
generated as a response to a real or perceived imminent threat
(Steimer, 2002). By contrast, anxiety represents a state heigh-
tened reactivity to threat uncertainty (in the absence of an
immediate threat) characterised by high arousal, hypervigi-
lance, deficient safety learning, behavioural and cognitive
avoidance (Grupe & Nitschke, 2013). Anxiety and fear can elicit
adaptative behavioural responses such fight-or-flight and
immobilisation or freezing directed to avoid or reduce a real
or perceived harm (Janak & Tye, 2015).

In sport climbing, fear of falling is considered by the scien-
tific community as an element of psychological stress that
impairs the performance of climbers (Balds et al., 2017; Draper
et al.,, 2008; Epling et al., 2018; Giles et al., 2014; Michael et al.,
2019; Pijpers et al,, 2003). This fear is often associated with
learned and adaptive behaviours (Gajdosik et al, 2020;
LeDoux, 2014), that could be directed to avoid a real or per-
ceived threat of a climbing situation. For instance, the height
above the ground, without taking into account the climbing
safety gear, seems to induce stress in lower grade and inter-
mediate climbers, but not in advanced climbers (Gajdosik et al.,
2020).

Detrimental effects on climbing performance as conse-
quence of fear of falling seem to be associated with a high
level of anxiety (Draper et al., 2008, 2012). The most demanding
and challenging style affected by anxiety seems to be on-sight
lead climbing, compared to red-point (Draper et al., 2012) and

top-rope (Aras & Akalan, 2014; Limonta et al., 2020) climbing
condition. On-sight lead climbing involves ascending a route
with no prior knowledge, attempting it on the first try without
previous falls. In this scenario, climbers secure themselves with
a rope as they progress, utilising existing wall bolts. Falls are
absorbed by the rope and previously passed anchors. Red-
point lead climbing entails multiple attempts (typically 3 to 5)
until successful completion without falls. Unlike lead condi-
tions, in top-rope climbing, climbers are safeguarded by
arope anchored at the route’s top, eliminating the risk of falling
(Giles et al., 2014). Therefore, considering the characteristics of
the climbing styles, authors argue that heightened anxiety in
on-sight climbing arises from the fear of falling due to the lack
of a secure top rope and familiarity with the route (Aras &
Akalan, 2014; Draper et al., 2008; Limonta et al, 2020).
Furthermore, previous literature suggests that female athletes
often exhibit higher levels of anxiety compared to their males
counterparts (Correia & Rosado, 2019; Rice et al, 2019).
Likewise, anxiety derived from lead climbing might affect
males and females differently (Villavicencio et al., 2021).
Regarding the impact of anxiety on climbing performance,
researchers have reported several negative effects, such as
a disproportionate rise in heart rate (Aras & Akalan, 2014;
Williams et al, 1978), greater perceived effort (Hardy &
Hutchinson, 2007; Pijpers et al., 2006), and impaired attentional
control (Pijpers et al., 2006). Based on this evidence, some
authors have suggested the need for climbers to receive psy-
chological support in order to cope with anxiety (Aras & Akalan,
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2014). However, interventions to reduce anxiety in climbing are
limited. Specifically, Maynard et al., (1997) found that a 12-
weeks relaxation intervention reduced somatic anxiety during
climbing among a group of 30 men but did not significantly
improve cognitive anxiety and self-confidence. Similarly, Aras
and Ewert (2016) demonstrated significant reductions in
somatic and cognitive anxiety, along with an improvement in
self-confidence, following an eight weeks top-rope climbing
training programme for a group of 19 men. However, both
studies were conducted solely with men without prior climbing
experience, and did not include an assessment of improvement
in climbing performance.

The scientific literature suggests that effective anxiety man-
agement is closely related to emotional regulation (Amstadter,
2008; Hanin, 2010; Sakiris & Berle, 2019). Furthermore, research-
ers also highlight the importance of interoceptive awareness
(IA) as a crucial component for successful emotional regulation
and anxiety control (Barlow et al., 2017), as recently reported in
the context of athletes (DiFronso et al., 2022). IA refers to the
awareness of bodily signals derived from emotions, contribut-
ing to emotional experience (Flstos et al., 2013; Mehling et al.,
2009). This interoceptive information is considered essential for
homoeostatic control and enables individuals recognise and
understand emotions, thus facilitating emotion regulation
and the development of coping strategies in response to stres-
sors (Price & Hooven, 2018). Within this framework, difficulties
in recognising interoceptive information characterise anxiety
dysregulation (Critchley & Garfinkel, 2017a). However, to the
best of our knowledge, no research has yet investigated
whether improving emotional regulation by attending to inter-
oceptive information to cope with falling anxiety leads to
improved climbing performance.

Given the limited research concerning experienced climbers
and women, the study aim was to determine the effect of
a psychological training intervention based on emotional reg-
ulation. Specifically, we intend to examine its effects on anxiety
and climbing ability among women climbers with fear of fall-
ing. Additionally, the second aim was to compare the outcomes
of climbing ability, anxiety, self-confidence and IA between
three groups: a psychological training group (PG), a physical
training group (TG), and a control group (CG). We hypothesised
that climbers who undergo psychological training focused on
emotional regulation to cope with the fear of falling would
exhibit changes in IA, reduced anxiety and improved climbing
ability. Moreover, we anticipated that the impact of psycholo-
gical training would surpass that of physical training across all
measured variables.

Material and methods
Study design

A quasi-experimental design was conducted to examine the
impact of a psychological training intervention on anxiety
levels and climbing performance in women climbers with
a fear of falling. The study used a simple pre- to post-
intervention comparison of changes in various scores across
three groups. The intervention specifically focused on emo-
tional regulation. The PG was composed of climbers who

underwent the psychological training focused on emotional
regulation. For comparisons, two additional groups were estab-
lished and evaluated at two points in time (pre-test and post-
test). The TG consisted of climbers who followed an individua-
lised climbing training plan under specialized sport instruction,
while the CG was made up of climbers who continued their
regular, self-guided climbing routines.

Personal invitations were sent to women climbers, climbing
clubs, and social media advertisements were utilised to recruit
participants for the sports psychology clinic. Potential partici-
pants first underwent an eligibility screening through an online
form containing the following question: Do you feel that fear of
falling during lead climbing limits or impairs your performance?.
Inclusion criteria were defined as follows: (1) being biologically
awoman, (2) reporting to experience fear of falling during lead
climbing, (3) having at least one year of climbing experience,
and (4) being capable of on-sight lead climbing. On the con-
trary, exclusion criteria encompassed: (1) simultaneously parti-
cipation in another clinical trial, (2) any medical prescription
that prohibit climbing, (3) presence of an acute or terminal
illness, and (4) currently receiving psychological training for
climbing.

Participants

A total of 44 recreational women climbers expressed interest in
voluntarily participating in the High-Performance International
Rock-Climbing Research (C-HIPPER) study. Out of those 44
individuals, 41 met the inclusion criteria and provided informed
consent to take part in the study. The participants were subse-
quently assigned to the three groups according to their back-
ground and preferences. The PG consisted of 15 participants
who expressed a preference for starting psychological training
due to fear of falling and were not undergoing climbing train-
ing with a sports specialist. The TG comprised 12 participants
who were already following a specialised climbing training
programme with a sports specialist. The CG consisted of 14
participants who did not undergo any specific training, either
psychological or physical, throughout the study period.

During the course of the study, 10 participants dropped out
for personal reasons (seven women) or due to climbing injured
(three women). As a result, TG and CG consisted of 10 partici-
pants each, while the PG included 11 climbers. Flow chart of
participants through the study is shown in Figure 1. Prior to
recruitment, the study protocol was approved by the Ethics
Committee (PEIBA code 1739-N-21), and data collection was
conducted in accordance with the ethical standards set by the
journal and, the Declaration of Helsinki.

Procedure

All participants were instructed to continue their regular
climbing activities during the study. Pre-test measures of
climbing ability, anxiety, self-confidence, and IA were col-
lected after group allocation. The post-test measures were
conducted after psychological training intervention for the
PG, and four months after recruitment for the TG ad CG. In
order to collect appropriate information for the study,
participants  were instructed to complete the
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Figure 1. Consort of flowchart of participants.

questionnaires imagining themselves before starting
a climbing route. This instruction aimed to capture their
state of anxiety and emotional experience in relation to the
climbing activity. Additionally, no specific contextual infor-
mation was provided to anchor their responses, allowing
for a more genuine representation of their feelings in the
given scenario.

Psychological intervention

The psychological intervention was adapted from Unified
Protocol (Sakiris & Berle, 2019), taking into account the princi-
ples of sports mental training (Mellalieu & Hanton, 2008) and
focused on emotion regulation using IA to cope with anxiety
(Fiistos et al., 2013; Price & Hooven, 2018). It was conducted by
a psychologist registered in accordance with the Spanish law,
holding a Master's degree in Sports Psychology, a Master's
degree in Neuropsychology, and a specific qualification in the
Unified Protocol. Ethical considerations were strictly adhered to
throughout the intervention.

The intervention was carried out through a secure and
encrypted Internet platform, in accordance with the recom-
mendations of the American Psychological Association (APA)
(2013). The intervention comprised three main modules,
detailed in Table 1. As described below, each module included
theorical sessions lasting 60 minutes, complemented by prac-
tical exercises using self-paced worksheets:

a) Awareness Skills Training — The first session entailed psy-
choeducation about how anxiety works, its main function, and
components. Practical exercises focused on identify anxiety com-
ponents (physical sensations, thoughts, and behaviours) while
climbing. — The second session consisted of understanding the
role of emotions in climbing, identifying triggering factors and
the fear of falling, and learning functional coping strategies
developed while climbing. Practical exercises revolved around
recognising personal triggers, factors that influence the fear of
falling, and coping behaviours while climbing; b) Regulation
Skills Training — The first session involved psychoeducation
about the influence of fear on body posture, facial expression,
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Table 1. Overview of the psychological intervention for fear of falling in climbing.

Content

Awareness Skills Training
Anxiety .

Psychoeducation about what is anxiety, cognitive, somatic and behavioural anxiety

responses, physical and psychological symptoms and how it affects us.

Fear and emotions .

Identification of different responses associated to anxiety.
Psychoeducation about what is fear, different functions of each emotion, how emotions

work and how they manifest.
® |dentification of emotions.

Regulation Skills Training
Emotional regulation Bottom-up

Emotional regulation Top-Down

Experiential Exposure
Goal setting

Identification of different triggers of fear and avoidance behaviours.

Psychoeducation about interoceptive awareness (heart rate, breath and arousal)
Identification and understanding of physical sensations related to emotions
Identification body posture and face expression of fear

Identification of breath

Practice of conscious diaphragmatic breathing

HR biofeedback using a pulsometer

Psychoeducation about how thoughts can activate or intensify fear and negative emotions
Identification and modification negative and maladaptive thoughts

Identification of different forms of emotional expression

Perception of challenge or threat

Identification and readjustment of goals

® Establishment of concrete and realistic objectives and development of a specific plan to

achieve them
Route previewing

® Applying coping skill (reappraisal, self-talk, mindful breathing, challenge instructions, etc.)
® Planning and re-planning strategies

and heart rate, and discussed the use of diaphragmatic breathing
to modulate heart rate. Practical exercises included: 1) engaging
in various activities (e.g., running, pull-ups, different types of
climbing: indoor, outdoor, on-sight, red-point climbing, leading,
top-rope climbing) to monitor and became familiar with heart
rate using a pulsometer, and 2) practicing diaphragmatic breath-
ing to regulate heart rate, monitored by a pulsometer during
climbing. The second session covered the impact of thoughts,
beliefs, and appraisals on the emotional experience of the fear of
falling. Practical exercises focused on identifying and transform-
ing dysfunctional thoughts and beliefs, and establishing func-
tional thinking through self-talk, re-evaluation, and goal setting
before and during climbing; ¢) Experiential Exposure — This
involved a single session designed to organise and elucidate
the necessary skills and strategies for facing on-sight climbing.
Strategies included setting a goal, previewing the route, and
establishing an action plan, as well as ensuring proper warm-
up. Participants were also instructed to review and adjust their
arousal level using breathing exercises and postural readjust-
ments. The use of routines (focus-behaviours) and self-talk was
emphasised to aid focus before beginning the climb. Participants
were encouraged to use breathing exercises, instructional and
motivational self-talk, and focus behaviours during the climb.
Participants were instructed in each session to perform the
practical exercises at their own pace, within their climbing
context, and guided by specific content worksheets. The infor-
mation collected across sessions using the worksheets, exem-
plified in Table 2, was merely noted on an ad-hoc basis. This
information was shared at the beginning of each session to
refine the intervention for each participant, provide opportu-
nities to ask questions and receive feedback from the sports
psychologist. Moreover, participants were asked the same
question regarding fear at the outset of each session: “Do you
feel that fear of falling during lead climbing limits or impairs your

performance?”. Since the fear of falling has a multifactorial
aetiology (Lee et al., 2018), the intervention was individualised
and concluded when participants reported no longer experien-
cing fear of falling. The total duration of the psychological
training intervention was tracked from the first to the last
session for each climber.

Measures

Self-reported climbing ability

Climbing ability was assessed by asking each participant about
their best on-sight ascent out of more than three route within
the last three months. The use of self-reported climbing ability
has been validated as an accurate representation of actual
climbing ability by Draper et al. (2011), and this method has
been widely used in the literature (Balas et al., 2017; Fryer et al,,
2017; Zarattini et al., 2018). For statistical analyses, performance
grades were converted from the French Sport scale to the
International Rock Climbing Research Association (IRCRA)
reporting scale, in accordance with the IRCRA Position
Statement (Draper et al., 2016). If a participant reported that
they were unable to complete a lead climb, their self-reported
ability was recorded as zero.

Anxiety and self-confidence

Anxiety levels and self-confidence were measured using the
Spanish version of the Revised Competitive State Anxiety
Inventory-2 (CSAI-2R) (Andrade et al., 2007) adapted from
Martens et al. (1990). The scale consists of 16 items that mea-
sure three hypothesised dimensions of anxiety: somatic anxi-
ety, cognitive anxiety, and self-confidence. The questionnaire
has demonstrated good psychometric properties, including
dimensionality and internal consistency, with Cronbach” alpha
values ranging between 0.79 and 0.83 for the different
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Table 2. Example of participants” comments regarding the fear of falling collected across psychological intervention sessions.

Influencing factors in the development and maintenance
of the fear of falling

Fear of falling triggers

Avoidance behaviours

Previous traumatic experiences or falls

Previous injuries

Falls practice

Difficulties in anxiety regulation

Implicit learning of fear

Overprotective behaviours of the climbing partner
Lack of strength, technique, or climbing abilities
Anxiety sensitivity

Lack of coping skills (problem-focused coping and emotion-
focused coping strategies)

Lack of attentional control

Lack of self-confidence

Lack of own goal

Lack of route previewing

Emotional regulation difficulties

Route equipment (long distance between bolt)

Rock quality

Sodial contagion of fear (presence of climbers with fear of
falling)

Presence of climbers in the climbing area (social inhibition)
Inexperienced belayer or belayer bad habits

Proprioceptive signal from awkward or unbalanced postures
Lack of warm-up or inadequate warm-up

Lack of adaptation climate (hot, cold or humidity)

Lack of perceptive and decisive skills

Physical and mental fatigue

Difficulties in problem solving and uncertainty management
Excess coffee consumption

Menstrual cycle

Small or slippery foot holds

Top-rope climbing

Request always information about the route

Use of stick to clipping

Use quickdraw extension

Leave the climbing route

Avoidance of feared climbing routes

dimensions (Andrade et al., 2007). It has been previously used
in climbing research studies (Aras & Akalan, 2014; Aras & Ewert,
2016; Draper et al., 2006, 2012; Fryer et al., 2012; Hodgson et al.,
2009; Limonta et al., 2020; Pijpers et al., 2005; Sanchez et al.,
2010).

Interoceptive awareness

IA was assessed using the validated and reliable (Valenzuela-
Moguillansky & Reyes-Reyes, 2015) Spanish version of the
Multidimensional Assessment of Interoceptive Awareness
(MAIA) (Mehling et al., 2012). The questionnaire is a self-
reported instrument of 32 items rated on a Likert scale, with
six levels of ordinal response ranging from 0 (never) to 5
(always). These items are categorised into eight subscales cor-
responding to different domain of IA: (1) Noticing, (2) Not-
Distracting, (3) Not-Worrying, (4) Attention Regulation, (5)
Emotional Awareness (6) Self-Regulation, (7) Body Listening
and, (8) Trusting. The questionnaire demonstrates good overall
internal consistency, with a Cronbach’s a of 0.90 for the total
scale. The subscale values range from 0.40 to 0.48 for Non-
Distracting and Not-Worrying subscales; and from 0.64 to 0.86
for the other different subscales.

Statistical analysis

Normal distributions were ascertained, and homogeneity of
variances was confirmed after visual assessment of the fre-
quency histogram, Shapiro — Wilk's and Breusch-Pragan test

(Breusch & Pagan, 1979), respectively. All values were reported
as means and standard deviations (SD) for continuous
variables.

An a priori statistical power analysis was conducted for
a sample size of 31 participants using G*Power software (Faul
et al,, 2007) for the primary outcome measure at baseline. To
address potential baseline differences between groups, analy-
sis of covariance (ANCOVAs) were conducted, focusing on vari-
ables showing medium to large effects in pre-test ANOVAs. This
analysis provided control for potential confounding variables,
ensuring a more reliable assessment of the intervention’s
impact.

Further analysis involved a repeated measures ANOVA to
evaluate the effect of time and the interaction between group
factors (Group x Time) on climbing ability, anxiety, self-
confidence and IA. The results were reported using the partial
eta squared (n,?) as an effect size, with n,> > 0.01 representing
asmall effect, np2 > 0.06 a medium effect, and np2 >0.14 alarge
effect (Fritz et al., 2012). Subsequent to the ANOVA, post-hoc
Bonferroni comparisons assessed the inter-group differences
(PG vs TG; PG vs CG; and TG vs CG) for climbing ability, anxiety,
self-confidence and IA from pre- to post-intervention. Post-hoc
pairwise t-test comparisons were used to explore the source of
differences in the pre-post scores between groups for each
significant ANOVA. Cohen’s d was used to indicate effect size
(ES) (Cohen, 1992). ES was calculated as the mean pre-post
difference divided by the pooled standard deviation of the
change scores. The threshold for ES was considered as follows:
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small (d < 0.20), moderate (0.20 < d < 0.50), large (0.50 < d <
0.80), and very large d > 0.80).

All tests were conducted as two-side, with a p-value of less
than 0.05 considered statistically significant. Statistical analyses
were performed using STATA version 16.0 (Stata Corp, College
Station, TX, USA).

Results

On-sight climbing ability ranged from uncompleted lead climb-
ing (ranging from zero) to a level of 7a. All participants prac-
ticed outdoor climbing between 1 and 2 days per week. The
psychological training intervention lasted between 65 and 193
days, with the number of sessions ranged from four to five. This
variation in the number of sessions was due to differences in
the causes and triggers of fear, personality characteristics, and
psychological abilities. The duration of the psychological train-
ing intervention was contingent on the availability of partici-
pants to climb every weekend.

Statistical power analysis revealed that the probability of
detecting a medium effect size with one-way ANOVA in the
study sample was 63.6%. A large effect size (f>0.49) was
required for the results to be statistically significant (p < 0.05).
The calculated power to detect the hypothesised medium
effect for the 3 (Group) x 2 (Time) ANOVA was 84.1%, with
a sensitivity to detect a medium to large effect size (f > 0.30).

Descriptive characteristics, along with baseline scores for
anxiety, self-confidence, and IA for the PG, TG, and CG, are
shown in Table 3. Regarding the baseline one-way ANOVAs,
the statistical power to detect a medium effect size ranged
between 5.79% and 58.99%. This indicated potential under-
powering for certain baseline measures, especially those with
power below 50% (See Table 3). Despite this, variables such as
Not-Distracting and Noticing exhibited a large effect size (n? of
0.19 and 0.16, respectively) and a power greater that 50%.
Given their notable effect sizes and relative statistical power,
these variables were included as covariates in the subsequent
repeated-measure ANCOVAs to control for their potential
impact on the intervention. Moreover, in response to the

observed small and medium effect size for the pre-test score
of Outdoor Climbing Days per Week (n? =0.13), Years Climbing
(n? =0.05), Not-Worrying (n? = 0.05), Emotional Awareness (n?
=0.08), Self-Regulation (n>=0.11), and Body Listening (n?=
0.10), these variables were also included as separate covariates
in the repeated-measure ANOVA to further potential impact on
the intervention.

After individually adjusting for several covariates, the ana-
lyses showed that none of the covariates had a significant
effect on Climbing Ability (F values between 0.08 and 2.33,
all p values <0.05, n,”> between 0.01 and 0.22), Cognitive
Anxiety (F values between 0.14 and 2.17, all p values <0.05,
r]p2 between 0.02 and 0.21), and Self-Confidence (F values
between 0.14 and 2.78; all p values <0.05; n,> between 0.02
and 0.25). For example, when adjusting for Outdoor Climbing
Days per Week, the effect on Climbing Ability (F=0.17, p=
0.918, np2=0.02) and Cognitive Anxiety (F=0.14, p=0.936,
r]p2=0.02) remained non-significant. This pattern was consis-
tent across all covariates, underlining the efficacy of the
intervention independent of these factors for climbing level
and anxiety. However, regarding Somatic Anxiety, only the
Self-Regulation subscale was found to significantly influence
the association (F=3.42, p=0.03, np2=0.29). This was the
only instance where a covariate had a notable impact, under-
scoring the importance of considering Self-Regulation in the
context of somatic anxiety within the climbing community
(Supplementary Table S1).

For the MAIA variables, adjustments were made only for
Outdoor Climbing Days per Week and Years Climbing, since
the other covariates (Not-Worrying, Emotional Awareness, Self-
Regulation, and Body Listening) were subscales of the MAIA,
and exhibited high correlations among themselves, indicating
collinearity issues (as evidenced by the correlation data shown
in Supplementary Table S2). Significant interactions were
observed for the Emotional Awareness subscale when adjust-
ing for Outdoor Climbing Days per Week (F = 3.33, p=0.036,
np2 =0.29). A similar trend was observed for the Body Listening
subscale, with significant interactions found for Years Climbing
(F=7.34, p=0.001, n,> = 0.47).

Table 3. Descriptive characteristics and baseline scores for anxiety and interoceptive awareness questionnaires shown as mean (standard deviation).

All Control Group  Training Group  Psychological Group ~ ANOVA
(n=31) (n=10) (n=10) (n=11) F (2,28) p n? Power (%)

Age 33.23 (6.84) 33.19 (8.05) 34.03 (6.04) 32.55(6.93) 0.12 0.891  0.01 6.60
Years Climbing 555 (4.21) 4.30 (241) 5.70 (591) 6.55 (3.72) 0.74 0486  0.05 16.29
Outdoor Climbing Days per Week 1.55 (0.51) 143 (0.48) 1.6 (0.52) 1.73 (047) 2.09 0143  0.13 39.22
Intervention Duration (Days) 119.11 (24.26) 117.17 (4.94) 116.13 (3.80) 123.58 (41.18) 0.28 0.757  0.02 9.00
Climbing Ability? 11.26 (445) 117 (1.77) 12.00 (2.00) 10.18 (7.14) 0.49 0616  0.03 12.38
Anxiety measures

Cognitive anxiety 13.80 (3.29) 132 (3.1) 14.1 (43) 14.1(26) 0.24 0790  0.02 8.57
Somatic Anxiety 15.12 (3.34) 145 (3.5) 15.8(2.7) 15.1(3.9) 0.36 0699 0.03 10.24
Self-confidence 9.74 (2.2) 100 (2.4) 9.20 (1.8) 10.0 (24) 0.45 0643  0.03 11.56
Interoceptive Awareness measures

Noticing 3.11 (09) 342 (0.5) 3.32(0.8) 2.64(1.0) 2.74 0.082 0.16 49.70
Not-Distracting 267 (0.61) 230 (0.6) 2.73 (0.5) 2.94(0.6) 3.39 0.048 0.19 58.99
Not-Worrying 2.14 (0.81) 2.00 (0.7) 2.40 (0.6) 2,03 (1.1) 0.74 0485  0.05 16.31
Attention Regulation 264 (0.73) 2.86 (0.7) 2.53(0.6) 2.54(0.9) 0.62 0543  0.04 12.59
Emotional Awareness 4.12 (0.81) 4.22 (0.8) 4.34 (0.6) 3.82(1.0) 1.2 0311 0.08 2436
Self-Regulation 268 (0.76) 292 (0.7) 2.8(08) 2.36 (0.8) 1.65 0210 0.11 31.82
Body Listening 2,69 (1.06) 3.00 (0.8) 2.87(0.7) 2.24(14) 1.61 0218 0.10 31.08
Trusting 3.10 (1.12) 3.13 (0.6) 3.17 (0.8) 3.00(1.7) 0.06 0.940  0.004 5.79

?0n-sight climbing ability provided according to International Rock Climbing Research Association (IRCRA) scale.
N’ Effect size-partial eta squared for baseline comparisons: n* 0.01 small effect size; n >0.06 medium effect size; n* 20.14 large effect size.
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The non-adjusted models repeated-measures ANOVA, as
shown in Table 4, revealed a significant Time x Group interac-
tion for Climbing Ability (F(2,28) = 14.23, p <0.001, np2= 0.50),
Cognitive Anxiety (F(2,28) = 8.63, p =0.001, npz =0.38), Somatic
Anxiety (F(2,28) = 9.98, p =0.005, np2 =0.29), and Self-Confident
(F(2,28) =26.87, p<0.001, r]p2= 0.66). Further examination of
post-hoc Bonferroni-corrected comparisons indicated that the
main effect of the study group on the change in scores from
pre-to-post intervention was found between PG vs CG in
Climbing Ability (p <0.01), Cognitive (p <0.001), and Somatic
Anxiety (p <0.01), and Self-Confidence (p <0.001). In contrast,
when comparing PG vs TG, a significant effect on the change in
scores from pre-to-post intervention was found in Climbing
Ability (p<0.05), Somatic Anxiety (p<0.001), and Self-
Confidence (p < 0.001).

Repeated measures ANOVA showed a significant Time
x Group interaction for several |A subscales derived by the
MAIA questionnaire, such as the Noticing (F (2, 28) =3.78, p =
0.035, np2=0421); Self-Regulation (F (2, 28) =8.43, p=0.001,
N> =0.37), Body Listening (F (2, 28) =16.99, p < 0.001, ny’ =
0.55) and Trusting scores (F (2, 28) =6.93, p < 0.003, r]p2 =0.33)
(see Table 4). A non-significant interaction was found for Not-
Worrying, Not-Distracting, Emotional Awareness, and Attention
Regulation subscales (F between 1.22 and 3.18; all p values >
0.05). Post-hoc Bonferroni analyses revealed significant differ-
ences for change scores from pre to post comparison between
PG vs CG in Self-Regulation (p <0.001), Body Listening (p <
0.001) and Trusting (p <0.01). When comparing PG and TG,
significant differences were found in change scores from pre-
to-post for Body Listening (p < 0.001) and Trusting (p < 0.05).

Post-hoc t-tests showed a significant improvement in climb-
ing ability in PG with a mean difference (95% confidence inter-
val) of 5.54 (95% Cl [2.10, 8.99]; ES=1.37) and of 0.80 (95% Cl
[0.14, 1.46]; ES=0,57) in TG. Moreover, post-hoc tests for the
CSAI-2R questionnaire showed that cognitive anxiety scores
also improved in both PG (-5.18; 95% Cl [-7.30, —3.06]; ES =
~1.85) and TG (~2.80; 95% Cl [-4.84, —0.75]; ES =—1.05), while
somatic anxiety scores was only improved for PG (=5.72; 95% Cl
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[-8.09, —3.36]; ES=-1.68). Self-confidence also improved in
both PG (5.00; 95% Cl [3.80, 6.20]; ES=2.86) and TG (0.90;
95% ClI [-0.19; 1.99] (1.52); ES=0.46 for TG). Finally, all evalu-
ated CSAI-2R parameters remained unchanged for CG (p>
0.05) (see Table 4 and Figure 2).

Post-hoc t-tests for the MAIA questionnaire revealed
changes at the PG for Noticing (0.95; 95% Cl [0.16, 1.74]; ES=
0.99); Attention Regulation (0.86; 95% Cl [0.36, 1.35]; ES = 0.99),
Self-Regulation (1.29; 95% Cl [0.66, 1.93]; ES=1.79), Body
Listening (1.67; 95% Cl [0.97; 2.36]; ES=1.84) and, Trusting
(1.42; 95% Cl [0.46; 2.38]; ES =1.40). TG showed changes in
the MAIA subscales of Attention Regulation (0.34; 95% Cl
[-0.04; 0.72]; ES=0.28) and Self-Regulation (0.50; 95% ClI
[-0.11; 1.11]; ES=0.45). Moreover, all IA parameters measured
by the MAIA questionnaire remained unchanged for the CG (p
>0.05), except for the Not-Distracting subscale, which showed
a significant change (p = 0.026) (see Table 4).

Discussion

The effect of a psychological training intervention based on
emotional regulation on anxiety and climbing performance
was investigated in women climbers with fear of falling.
Results supported our initial hypothesis in that
a psychological training intervention appears to reduce anxiety
levels and improve climbing ability, self-confidence and IA in
women climbers with fear of falling.

Previous literature has described anxiety-induced impair-
ments in climbing efficiency, including longer contact times
with climbing holds (Draper et al., 2008; Pijpers et al., 2005),
more frequent exploratory movements or longer climbing time
(Nieuwenhuys et al., 2008), the use of more holds to progress
climbing (Green & Helton, 2011; Green et al., 2014; Pijpers et al.,
2006) and shorter climbing distances (Green et al, 2014).
Accordingly, Giles et al. (2014) hypothesised that climbing
performance might be improved through a reduction in anxi-
ety and an increasing in self-confidence. Therefore, our results
support this hypothesis, demonstrating that a proper balance

Table 4. Mean (SD) of self-reported climbing ability, CSAl-2 R and MAIA questionnaires for pre-post-test in all groups.

Control Group Training Group

Psychological Group

Interaction

(n=10) (n=10) (n=11) (Time x Group) Effect Size?

Pre Post Pre Post Pre Post F 228 p np2 PGvsCG PGvsTG TGvsCG
Climbing Ability 117(1.8) 108(4.2) 120(2.0 128(22)* 102(7.1) 157 (35" 1423 <0.001 050 +++ +++ ++
Anxiety measures
Cognitive Anxiety 132(3.1) 130(3.2) 141(43) 11.3(36)" 14.1(26) 8.9(24)"* 8.63 0.001 038 +H++ ++ +++
Somatic Anxiety 145 (3.5 142(4.2) 158(2.7) 158(41) 151(3.9 94(1.7)"* 9.98 0.005 0.29 +++ +++ -
Self-Confidence 100 (24 102(2.2) 92(1.8) 101(25)* 10.0(24) 150(2.1)"* 2687 <0.001 066 +++ +++ +
Interoceptive Awareness measures
Noticing 34(0.5) 34(0.5 332(0.8) 347(06)* 26(1.1) 36 (0.8 * 378 0.035 0.21 +++ +H++ +
Not-Distracting 23(0.6) 27(04)* 273(0.5) 25(0.8) 29 (0.6) 3.1(0.5) 1.64 0.213 0.10 + + ++
Not-Worrying 20(0.7) 1.8 (0.9) 24 (0.6) 257 (0.8) 20 (1.1) 2.6 (0.9) 1.26 0.300 0.08 ++ + +
Attention Regulation 29 (0.7)  20(0.5 253 (0.5 2.87(05)* 25(0.9) 34 (0.7)** 318  0.057 0.8 +++ +++ +
Emotional Awareness 4.2 (0.8) 43 (0.5) 434 (0.6) 442(0.8) 3.8(1.0) 4.4(04) 122 0312 008 ++ + -
Self-Regulation 29(0.7) 27(0.7) 280(0.8) 3.30(09)* 24(0.8) 3.7(0.7)"** 843 0.001 037 +++ +++ +
Body Listening 3.0 (0.8) 29 (6.7) 29 (0.7) 263 (0.6) 22(1.4)  3.9(09** 1699 <0.001 055 +++ +++ -
Trusting 3.1 (0.6) 29 (1.0 32(0.8) 3.3(0.8)° 3.0(1.7) 44 (0.7)"* 6.93 0.003 033 +H+ +++ +

* Significantly different from pre-and post-test: *p < 0.05; **p < 0.01; ***p < 0.001.

“ffects size (Cohen s d) for pre-post pairwise t-test comparisons: - small effect (d < 0.20); + moderate effect (d > 0.20); ++ large effect (d > 0.50); +++ very large effect

(d >0.80).

PEffect Size (Cohen’s d) for Climbing Ability, CSAI-2 R and MAIA Scores in PG and TG Relative to CG after Intervention.
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Figure 2. Effect size (Cohen’s d) for Climbing Ability, CSAI-2 R and MAIA scores in PG and TG relative to CG after intervention.

between anxiety and self-confidence may have a positive effect
on climbing efficiency and consequently, climbing ability.
Similarly, our findings are in accordance with Brown and
Fletcher (2016) who reported in a systematic review that psy-
chological training interventions seem to have a positive effect
on sports performance. Nevertheless, it is important to address
the self-reported measure of climbing ability employed in our
study, which has demonstrated validity across various contexts
(Draper et al., 2011; Fryer et al., 2017). However, we must
acknowledge the potential for inherent bias in self-reported
improvements following an intervention. Unlike prior studies,
our investigation evaluated self-reported improvements after
an intervention. Given the absence of an independent rating,
such as assessment by an observing trainer, there is a possibility
that participants” perceptions of improvement could be influ-
enced by their involvement in the psychological training inter-
vention. Therefore, any self-reported improvements in climbing
ability should be considered with cautious interpretation.

Regarding to IA, the Attention Regulation, Self-Regulation,
Noticing, Body Listening and Trusting subscales of the MAIA
showed significant changes after the psychological training
intervention, accounting for five out of eight IA subscales.
This finding align with a growing body of literature that high-
light the role of awareness and interoceptive self-regulation of
bodily sensations in facilitating emotional regulation (Critchley
& Garfinkel, 2017b; Fiistos et al., 2013). The observed improve-
ment in |A following the psychological training intervention
may partly indicate a enhance in participants” anxiety coping
skills associated with fear of falling. Moreover, the effectiveness
of psychological training as a treatment to reduce anxiety was
consistent with studies that have implemented intervention
programmes targeting the dysregulation of core emotions,
such as fear (Sakiris & Berle, 2019).

For the second purpose of this study, our hypothesis, as
shown in Figure 3, was that there would be a stronger effect
of psychological training than physical training in climbing
ability, anxiety, self-confidence and the eight subscales of IA

after comparing the groups. Our results showed that PG parti-
cipants experienced an average increase of 54.5% in on-sight
climbing ability, in contrast to a 6.8% increase in the TG.
Conversely, the GC group experienced a 6% decrease in on-
sight dimbing ability. These results may reflect the impact that
a psychological training intervention has on climbing perfor-
mance, compared to the absence of specific treatment in clim-
bers with fear of falling. Furthermore, cognitive anxiety and
self-confidence were improved by both, the PG and TG.
However, the decrease in anxiety was greater for the PG and
this group also reduced somatic anxiety compared to TG. In
contrast, no changes were observed in any of the variables for
the CG. The increase in climbing ability in the TG could be due
to physical training. Moreover, the decrease of cognitive anxi-
ety observed in the TG could be explained by the fact that
specific sport domain abilities training (finger strength, balance,
technique, etc.), decreased hazard perception or risk of falling
(Jakus & Shaw, 1996; Philippe et al,, 2019). It is already well
known that fear of falling is related to strength (Yardimci et al.,
2021) and balance (Binda et al., 2003); and feeling strong and
balanced is like feeling safe (emotional well-being) (Bernstein &
Mcnally, 2018). Some authors even have suggested that para-
doxically, fear of falling by itself is considered a risk factor for
falls (Friedman et al., 2002; Lavedan et al., 2018). Thus, the
better pre-post results in climbing ability for the PG vs TG
may be explained by the greater decrease in both cognitive
and somatic anxiety and increase in self-confidence for the PG
compared to the other groups.

Regarding the comparison of IA between groups, the
changes observed in the TG related to IA were consistent
with previous findings that suggest regular exercise practice
has a positive influence on emotional regulation, particularly
in attentional and emotion control (Giles et al., 2017). The
differences in the attention regulation subscale of MAIA in
the PG and TG, along with the improvement in climbing
ability, align with the previous scientific literature on climb-
ing. For example, Garrido-Palomino et al. (2020)
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Figure 3. Hypothesized effects of psychological and physical training on fear of falling in women climber.

demonstrated that elite climbers exhibited greater attentional
control compared to expert climbers, suggesting that atten-
tional control could be a determinant of climbing perfor-
mance. Overall, it seems that both psychological and
physical training could improve, directly or indirectly, atten-
tional control as part of emotional regulation in climbers
affected by anxiety, thereby enhancing climbing ability (see
Figure 3). However, it is crucial to note, as indicated by the
results, that the ability of Self-Regulation appears to have
a significant impact on Somatic Anxiety. These findings
underscore the importance of developing effective self-
regulation strategies to coping with somatic anxiety in climb-
ing. Moreover, it is important to highlight, that the Years of
Climbing and the Outdoor Climbing Days per Week seem to
have a substantial effect on the Emotional Awareness and
Body Listening, influencing the development of interoceptive
awareness among climbers.

The C-HIPPER study provides novel insight into the effects of
an emotional regulation-based psychological training interven-
tion on anxiety and climbing performance in women climbers
with fear of falling. However, there are several potential limita-
tions that need to be considered when interpreting results.
First, participants were not randomly assigned to the groups.
The allocation methods were based on whether participants
were undergoing climbing training with a sports specialist and
their preference for starting psychological training. This led to
the assignment of some individuals to the PG, others to the TG,
and still others to the CG. It is important to note that within the
PG and CG, participants continued their regular climbing activ-
ity training without a sports specialist, unlike the TG. While this
allocation method aimed to reflect real-world scenarios, it
could potentially limit the generalisability of the results.
Furthermore, the intervention was concluded when each parti-
cipant in the PG expressed no longer feeling fear of falling.
Neither the TG nor the CG were asked the same question about
fear of falling as the PG at four months, which does not allow us
to affirm that the fear of falling remained in these groups. This
assignment of intervention conclusion could have led to
a predisposition towards improvements in CSAIl scores. This
likely introduced bias and might have inflated the observed
effects of the intervention, which should be considered when
interpreting the results.

Second, all participants met the inclusion and exclusion
criteria, and no significant differences were observed
between groups on the main parameters at baseline.
Despite this, the low statistical power, and the presence of
medium to large effect sizes for several baseline scores
indicate that it is difficult to definitively assert the groups
initial homogeneity. The sample size of 31 participants lim-
ited the power to detect subtle between-group differences
in the pre-test comparisons, potentially contributing to Type
Il error. Although certain differences were accounted for in
subsequent ANCOVA analyses, the possibility of overlooking
smaller effect sizes and nuanced differences cannot be dis-
counted. This limitation is crucial when interpreting the
results and considering their generalisation to a broader
population of women climbers with fear of falling.

Third, certain subscales of the MAIA questionnaire used in
this study, such as Non-Distracting and Not-Worrying, exhibited
very low internal consistency values (ranging from 0.40 to 0.48).
While the overall internal consistency was good (Cronbach’s a
of 0.90 for the total scale), these subscales raise concerns about
their reliability. Although a revised version of the MAIA ques-
tionnaire has been suggested for better psychometric proper-
ties (Mehling et al., 2018), we used the validated version
(Valenzuela-Moguillansky & Reyes-Reyes, 2015) due to linguis-
tic limitation. Future research could explore the application of
the revised MAIA questionnaire to enhance IA assessment in
diverse linguistic contexts.

Fourth, despite the improvement in climbing performance
in the PG, the experimental design of our study did not provide
a quantified measure of fear of falling. Furthermore, although
the use of the MAIA questionnaire allowed us to evaluate the
impact of the intervention on one of the components of emo-
tional regulation, a dimension not previously explored in climb-
ing research, we need to be cautious. The lack of a follow-up
period does not allow us to ensure the long-term control of the
fear of falling or the maintenance of the observed changes in
anxiety, climbing ability, and IA after the psychological training
intervention. Additionally, it is important to note that the inter-
vention was individualised and comprised multiple compo-
nents. As a result, it should be acknowledged that the
observed improvements cannot be solely attributed to any
specific component(s) of the intervention. Furthermore, when
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considering the improvements in climbing ability, it is note-
worthy that within the PG, there was a considerable variability
in the extend of improvements, as indicated by the larger SD
(Table 2). This variability underscores the diverse response to
the psychological training intervention and suggests that other
factors beyond the intervention may have influenced individual
climbing performance outcomes. Finally, the specifics of indi-
vidual physical training, such as hour per session or climbing
exercises performed in daily life, were not recorded in any
group (PG, TG or CG). This oversight could influence the
observed effects of the intervention and should be considered
in future studies.

Despite acknowledging these limitations, it is important to
highlight the strengths of our study. First, our research pro-
vides novel insights into the effects of an emotional-based
psychological training intervention on anxiety and climbing
performance in women climbers with fear of falling, contribut-
ing a unique perspective to the literature. Second, the detail
description of our psychology intervention methodology pro-
motes transparency and facilitates replication efforts. Third,
the use of the MAIA questionnaire provides a quantified mea-
sure of IA as part of emotional regulation, contributing to the
robustness of our findings. Lastly, our focus on women clim-
bers, an underrepresented group within the climbing com-
munity, adds value to our research and could be of interest to
both researchers and practitioners in the field.

Based on our results and considering that falling is part of
sport climbing, our findings may have important practical
implications. We argue that psychological training may directly
modulate fear of falling according to the physical and psycho-
logical characteristics of the athletes and their context. It is also
likely that physical training influences the risk of falls by enhan-
cing strength, technique and balance, indirectly modulating
fear of falling. Consequently, fear of falling and falling anxiety
should be addressed by a specialised psychologist. Sports psy-
chologists should address fear of falling in climbing by acting
on interoceptive processing as a key of emotional regulation.

In conclusion, our results suggest that a psychological train-
ing intervention focused on emotion regulation may lead to
significant improvements in interoceptive awareness, reduced
anxiety levels, and increases in climbing ability, and self-
confidence in women climbers with fear of falling. These find-
ings highlight the importance of considering psychological
training as a valuable tool for climbers and their coaches to
address anxiety and enhance climbing performance, acknowl-
edging the inherent risks associated with falling in the sport.
While our findings are encouraging, we acknowledge the small
sample size of the study as a limitation, underscoring the
importance of replicating the study with a more extensive
participant pool to solidify these preliminary insights. Despite
this limitation, the consistent positive outcomes observed
across various metrics in our study offer a compelling founda-
tion for the continued exploration and integration of psycho-
logical training in enhancing the climbing experience for
women facing the challenge of fear of falling in the sport.
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Supplementary tables

Supplementary Table 1

Results of Repeated Measures ANCOVAs for Climbing Ability, Cognitive Anxiety, and Self-Confidence.

ANNEXES

Interaction
(Time x Group x Covariate)
Outdoor Climbing . Emotional . . N
Days per Week Years Climbing AWareness Not-Worrying Self-Regulation Body Listening
F P n? F p n? F p o F p n F P F P n?
Climbing Ability 0.17 0918  0.02 097 0423 0.0 033 0802 0.04 0.72 0550 0.08 0.08 0968 0.01 233 0.099 022
Cognitive Anxiety 0.14  0.936 0.02 1.62 0.211  0.16 0.55 0.655 0.06 091 0.449 0.09 035 0.791 0.04 2.17 0.117 0.21
Somatic Anxiety 1.17  0.339 0.12 0.64 0.594 0.07 0.18 0906 0.02 0.83 0.492 0.09 342 0.033 029 257 0076 0.24
Self-Confidence 024 0.870  0.03 2.14  0.120 020 0.14 0937 0.02 136 0278 0.14 278 0.062 025 162 0211 0.16
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Supplementary Table 2

Pearson Correlation of Mean Differences in Pre- and Post- MAIA Subscale Scores

Noticing
Not-Distracting
Not-Worrying
Attention Regulation
Emotional Awareness
Self-Regulation
Body Listening

Trusting

Mean
SD

ANNEXES

Not-

Not-

Attention

Emotional

Self-

Body

Noticing Distracting Worrying Regulation Awareness  Regulation  Listening Trusting
1

0.200 1
0.014 -0.067 1
0.300 -0.005 0.467 1

0.692%* 0.182 -0.243 0.578%* 1
0.402 0.037 -0.019 0.310 0.320 1

0.452% 0.191 0.025 0.665%* 0.535%* 0.514%* 1

0.479% -0.090 0.035 0.693%* 0.588%* 0.529%* 0.657** 1
0.39 0.05 0.21 0.47 0.25 0.55 0.47 0.47
0.72 0.65 1.13 0.70 0.93 1.03 1.22 1.27

*Statistical significance: *p < 0.05; ** p <0.01
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ANNEX VI. SOLICITUD DE AUTORIZACION PARA EL DEPOSITO DE LA TESIS
DOCTORAL (REAL DECRETO 99/2011, DE 28 DE ENERO)
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ANNEX VII. MODELO DE INFORME FAVORABLE DE LA DIRECTORA DE LA
TESIS PARA EL DEPOSITO DE TESIS DOCTORALES DESARROLLADAS DE
ACUERDO CON EL REAL DECRETO 99/2011, DE 28 DE ENERO.
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ANNEX VIII. INFORME DE LA DOCTORANDA PARA LA INCLUSION DE
TRABAJOS EN LA MODALIDAD DE TESIS POR COMPENDIO DE
PUBLICACIONES.

N UCA | Uoigssicac acIUCH

Escuely de Doctorado
de ka Uarversicded de Cidiz

Informe de la doctoranda para la inclusion de trabajos en la
modalidad de tesis por compendio de publicaciones

La mvestigadora Inmaculada Garrido Paloming con DMI 26039180Y, como auiora
principal de las tres publicaciones que componen la tesis  doctoral  tiiulada:
FUNCIONAMIENTO COGNITIVO Y EMOCIONAL RELACHONADO CON EL
RENDIMIENTO EN ESCALADA cxpresa su mayor contribucion al trabajo realizado,

co gran relevancia en sus aportaciones frente al resto de los firmantes,

En Cadiz a 9 de abnl de 2024

b i rmacic [ELS1 LKL L)
PALOMING ITNMACULADA
- #x=3I018** gl dia
09,04/ 2024 con un
certificado emitido

Fdo. Inmaculada Gamido Palomino
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ANNEX IX. DOCUMENTOS DE CONFORMIDAD Y RENUNCIA DE COAUTORES
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“hiteaticnal diflennces i o foncton of rock climbing perlermancie”.

In accordance with the &rticle 23.4 of the Regulation WCA OG08.2003, lune 27, H1Z,
wihich regulates the ordinance of doctoral studies at the Undversity of Cadiz {BOULCA
M. Z08)

States hils/her approval to the presentation of this pulblcation as a part of the doctorsl
thesis written by 0. /D8 _Inmaculada Garrido Paloming (26039180} ertithad "Cognitive
el gervess Eoral | P coas ingd malated 1o < Bimbing psairlonm arce .

&nd ewpresses hilsher rezigniatson o presemt sid publication as a part of another
doctaral thesis at any ather Unbarsity.

In Cadiz, 9 of April 2024
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