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PERFORMANCE DETERMINANTS: PHYSICAL,
PSYCHOLOGICAL, AND NEUROCOGNITIVE FITNESS

Peak performance—as the traditional Olympic motto “Citius, Altius, Fortius” (“Faster, Higher,
Stronger”) points out—is a primary goal for athletes, but it also can be deemed—as posited by
Pierre de Coubertin, promoter of the modern Olympic Games—as one of the primary personal
development goals which drives peoples every day and professional lives. This makes research in
sports a critical window into the advancement of our understanding on how to foster, evaluate, and
empower human performance.

The profiling of athletes’ psychophysical traits is, in particular, a crucial step in planning,
implementing, and monitoring their training schedule and, therefore, receives particular attention
by the athletes themselves, their coaches, and sports clubs. Performance data, if generated by
appropriately designed assessments, may provide relevant and reliable information to evaluate
the progress of athletes over time and/or rank them against their peers (Robertson et al.,
2014). Further, such data also help to profile the athlete’s strengths/weaknesses, to monitor
progress, to adapt training protocols to the athlete’s needs, and to identify talent or to predict
the athlete’s potential (e.g., Morris-Binelli et al, 2021). Yet, the topics of assessment and,
specifically, of its implementation in practice are still quite controversial. Indeed, despite the
relationship between athletic skill efficiency and success in sports, literature reviewing psychometric
properties of assessment methods (e.g., validity, reliability, and predictive value) is still scant
(Currell and Jeukendrup, 2008; Robertson et al.,, 2014; Piggott et al., 2020). Furthermore, as
underlined by Robertson et al. (2014), outdated methodology and undefined measurement
properties actually limit the usefulness of many performance and skill measures. This is
particularly true for their actual implementation in routine professional practice - even though
they might be widely used in research - with remarkable implications for assessing the effect of
coaching, fatigue, focus of attention, and pre-skill execution routine on participant performance
(Mccann et al.,, 2001; Russell and Kingsley, 2011; Russell et al., 2011; Mckay and Wulf, 2012).
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Again, despite the fact that the contribution of psychological
factors to individual sport-related experience and that the
role of psychological/cognitive load in modulating performance
outcomes are widely recognized (Mellalieu et al., 2021), the
assessment procedures to evaluate athletes’ current performance
and their potential often move those factors to the background.
The vast majority of empirical work, indeed, focuses primarily
on the physical determinants of performance and basic
physiological measures. The paucity of suitable tools and
standardized procedures for the assessment of psychological
and cognitive correlates/determinants of sport performance
(e.g., self-regulation skills, set-shifting efficiency, and cognitive
control) and of specific training of technical staff in their
use has likely contributed to the definition of a theoretical
and methodological framework almost uniquely centered on
physical fitness.

Namely, physical fitness (PhyF) is a well-established construct,
whose core components include muscular strength, endurance,
and range of motion/joint flexibility (Jeffreys and Moody, 2016).
Transdisciplinary as well as sport-specific metrics exist for each of
those core elements of PhyF. Similarly, specific training protocols
have been developed to enhance strength, endurance and/or
flexibility (e.g., conditioning training, high-intensity interval
training, and stretching routines; Jeffreys and Moody, 2016).
Nonetheless, the interdependence of physical, affective, and
cognitive factors in contributing to athletic performance is clearly
pointed out by a solid evidence base (Piggott et al., 2020). Across
the years, more and more athletes and sport professionals have
begun to look at mental factors less as corollary elements for
performance assessment (Habay et al., 2021; Mellalieu et al.,
2021), and mental training practices are becoming less exclusive.

The construct of psychological fitness (PsyF; Heaps, 1978)
was then introduced even in sport science and practice
to identify various psychological traits—including character
strengths, personality traits, personal resources, and resilience
against burnout or mental disorders (Heaps, 1978; Cornum
et al., 2011; Wesemann et al.,, 2018)—that promote wellbeing,
foster personal development, and sustain performance. Cognitive
flexibility and executive functions are, as an example, known as
a broad-spectrum protective factor in preventing mental illness
(Crivelli and Balconi, 2021) as well as in sustaining personal
development (Keyes, 2007; Robinson et al, 2015). Again,
empowerment protocols focusing on PsyF have been devised
and applied for performance improvement and enhancement
of training outcomes even in the army and in sports (Birrer
and Morgan, 2010; Boga, 2017). Individual and team ability to
manage the psychological load in complex challenging situations
is widely deemed as conferring critical performance advantages
(Aidman, 2020; Mellalieu et al., 2021).

Yet, we suggest that at least a third level should be
considered in defining a comprehensive account for assessment
and monitoring of athletes’ performance and potential, which
could be defined neurocognitive fitness (NCF). The construct of
NCEF builds on the cognitive fitness framework (Aidman, 2020),
a working hypothesis intended to integrate available evidences
on the contribution of cognitive skills training to performance
enhancement, while extending that seminal concept by using a

psychophysiological and neurofunctional perspective. Therefore,
NCEF could be understood as the degree of efficacy and efficiency
in exploiting available neural and cognitive resources to complete
a task based on the challenge level that the task itself and
the environment impose, in order to exert an optimal level
of performance. Core components of NCF as we define it,
include: self-awareness, as a primary precursor of intentional
goal-directed behavior; self-regulation, as the background for
stress management and self-control; and executive control, as
the intersection of attention regulation, cognitive flexibility,
cognitive workload management, and inhibition skills. As
underlined by Nakata et al. (2010), to reach optimal performance
and perform skilled movements in real-life sport situations,
an athlete needs to be able to flexibly and efficiently adapt
movements constituting the athletic gesture based on the
perception of environmental information, discrimination of
relevant stimuli, rapid decision-making processes, integration
of afferent signals, and anticipatory action preparation. Set-
shifting, behavioral inhibition, focusing and attention regulation
mechanisms are all the same crucial to reach and maintain
high-performance levels.

Notably, neurocognitive empowerment protocols based on
the combined use of cognitive techniques (e.g., focused
attention and self-awareness practices) and neuromodulation
devices (e.g., wearable neurofeedback) have already been
shown to promote the efficiency of attention regulation and
executive control, besides greater stress management skills,
even in applied contexts, such as at the workplace and in
sports (Balconi et al., 2019a,b; Crivelli et al., 2019a,b). Such
protocols, by combining neurotechnologies able to promote
greater control on neural resources and cognitive-behavioral
practices supporting self-enhancement, represent a valuable
example of training programmes implementing NCF in real-
life contexts. Such effective integration between psychological,
cognitive and neurofunctional levels is likely not that mature
in the application field concerning performance profiling and
assessment, with the majority of solutions implemented in
practice still mainly based on behavioral, psychological, and
(limitedly) neuropsychological testing.

FROM ASSESSMENT TO
NEUROASSESSMENT

While the investigation of behavioral, psychological and
cognitive determinants of personal performance in profiling an
athlete’s current strengths/weaknesses and potential should be
deemed, as above noted, highly relevant, we here intend to point
out the potential of an actual integration of those measures with
objective neurofunctional and autonomic markers, according to
a neuro-behavioral perspective and capitalizing on embodied
and perception-action theoretical frameworks (Aglioti et al.,
2008; Miiller and Abernethy, 2012; Wright et al., 2013). The
human brain indeed shows, together with our bodies, the
remarkable ability to learn and capitalize from experience to
reach mastery and excellence in specialized skills, and that is
particularly important when focusing on the investigation of
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peak performance and highly specialized activities, such as in
sport practice. Namely, by accurately qualifying and quantifying
the cascade of physiological events that mark cognitive-motor
learning, attention focusing, and self-regulation, as well as
planning, programming, and executing athletic gestures, and
by linking them to behavior and psychological processes, it is
possible to infer how our brain functions during challenging
tasks and contexts. Such an evidence base helps identifying
factors promoting optimal performance for the examined athlete
(Perrey, 2008; Thompson et al., 2008; Piggott et al., 2020).

A vast literature coming from basic neuroscience research
already provides a remarkable evidence base for understanding
how athletes’ brains support them during sport and exercise
activity and also when, where and to what extent an athlete brain
is different from the one of a common person (Nakata et al.,
2010; Li and Smith, 2021). Integrating psychometric, behavioral,
and observational assessment tools with neuroscientific devices
able to capture covert physiological markers of the efficiency of
processes supporting executive control and attention regulation
also represents a valuable advantage in the quest for novel,
objective, and actually predictive tools for assessment of
performance in sport contexts, as is beginning to happen even
in other applied contexts (Balconi et al., 2020).

By facilitating insights into sensory, motor, and cognitive
processes contributing to the preparation, execution and
imagination of the athletic gesture, as well as to the orientation
of attention resources on competition, both wearable and
lab-based neuroscientific devices (among which, in particular,
electroencephalography - EEG, autonomic indices, and—more
recently—functional Near Infrared Spectroscopy—fNIRS) may
also help in shedding light on specific aspects of sport activity and
its neurofunctional characteristics (Crivelli and Balconi, 2017;
Balconi and Crivelli, 2019)—such as, for instance, modulations
of cognitive effort in pre-competition phases, training-induced
enhancement of stimuli detection, resistance to mental/physical
fatigue and its relation to performance. Integrating such
devices in established assessment procedures could foster the
adoption of a multifaceted analytical approach that properly
include the investigation of neurocognitive fitness, together with
psychological and physical ones. It has to be noted that the topic
of feasibility of neurofunctional-psychophysiological assessment
in ecological settings is actually still a hot topic in sport and
exercise science. Yet methodological debate on such a topic
has highlighted interesting developments during recent years
and recommendations concerning subject preparation, sensor
placement, environmental controls, use of portable recording
devices, and signal processing have been proposed to improve
quality and informativity of physiological data captured even
outside of the lab and during actual exercise/sport activity (for
reviews, see Perrey, 2008; Thompson et al., 2008; Park et al., 2015;
Cheron et al., 2016; Balconi and Crivelli, 2019).

We therefore propose that the time has come for a more
systematic implementation of the perspective change from
assessment to neuroassessment. Neuroassessment can be
defined as a standardized procedure to qualify and quantify
the level of physical, psychological and neurocognitive fitness
of an athlete via a combination of self-report, behavioral,

autonomic, and neurofunctional metrics. Those metrics should
be able to capture different and complementary facets of
performance during standardized as well as ecologically-
valid sport-specific tasks. Notably, the systematic progress
in bioengineering and medical technologies allows, to date,
to bring neuroscientific tools for biometric measurements
even on the field, thus making it possible to collect
valuable data during field based sessions of physical and
mental training.

Also, such rich sets of data would not only result in
a gain in insight for the purposes of athletes profiling
and planned development, but will also help building
stronger and more complete theoretical frameworks to
classify athletes self-awareness, self-regulation, and higher
cognition (e.g., attention regulation, inhibitory mechanisms,
and information-processing and focusing) skills and their
physiological signatures, in keeping with neuroscientific models
of such skills.

PROFILING ATTENTION REGULATION
SKILLS: AN APPLIED EXAMPLE

By taking attention regulation as an example, we will

now briefly introduce a neuroassessment protocol
devised to improve evaluation of attention focusing
in sports.

The ability to focus attention on target stimuli relevant
to the sport context and specific discipline while inhibiting
irrelevant information notwithstanding their perceptual
or affective salience is considered a key aspect of optimal
performance and a valuable transdisciplinary trait in athletes
(Memmert, 2009). Yet, notwithstanding the acknowledged
relevance of those abilities, profiling athletes on their primary
attention regulation and control skills is still commonly based
on psychometric testing drawing from the classical theory
of attentional styles by Nideffer (1976). Also, psychometric
testing, as well as purely behavioral measures, presents a few
limitations when used by themselves to try “opening the black
box” since, for example, they are susceptible to desirability
biases and limited self-reflection abilities. Moreover, they could
hardly parse out the contribution of strategic top-down vs.
instinctual bottom-up processes to attentional performance.
Such fine-grained analysis could be more easily obtained by
using neurofunctional techniques.

The proposed neuroassessment protocol, in particular,
integrates: self-report evaluation of the ability to regulate
attention in  sport/competitive contexts (self-awareness
component), computerized and neuropsychological testing
of the efficiency of attention regulation (behavioral performance
component), as well as autonomic (EDA, HR, HRV) and
electrophysiological markers of neurocognitive efficiency
(task-related alpha-beta modulations as markers of cognitive
workload (Janelle and Hatfield, 2008; Thompson et al., 2008),
N2 and P3 event-related potentials as markers of attention
regulation and stimuli detection (Nakata et al., 2010; Balconi
and Crivelli, 2019), Event-Related Negativity as a marker of
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monitoring processes (Themanson et al, 2008; Masaki et al.,
2017) during challenging ecological tasks implementing salient
stimuli evoking sport-specific contexts (psychophysiological
and neurofunctional components). Namely, one of the tasks
we have developed and tested is an adapted, unpublished,
version of a cueing task with multiple target positions and
ecological stimuli specific to different sport disciplines (e.g.,
in fighting sports, fist and kick strikes as target stimuli and
guard of an opponent fighter as endogenous cue). Given
its characteristics, this exemplifying protocol can be used
to profile athletes and inform the design of personalized
empowerment programs.

Preliminary validation data from the above-mentioned
project highlighted internally consistent profiles across
the multi-dimensional metrics of attention regulation and
executive control performance, hinting at the potential
of the protocol for in-depth assessment of athletes main
characteristics and at the complementarity of chosen
performance measures.
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