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EXECUTIVE FUNCTIONS WITHIN THE COMPANY: A NEW
DISCOVERY?

The successful achievement of pre-established working goals and the ability to respond
appropriately to workplace demands depends both on efficient and flexible cognitive and
social functioning.

Previous research has proposed that executive functions (EFs) play an essential role in work
performance, with successful professionals displaying better social, cognitive, and executive
functioning (Bailey, 2007; Willoughby and Blair, 2016). Therefore, the demand of assessment
procedures and empowerment protocols dedicated to the EFs is growing rapidly.

EFs are considered a family of top-downmental processes including inhibition (self-control and
interference control), working memory, and cognitive flexibility (Miyake et al., 2000; Diamond,
2013). They are high-level cognitive functions that foster goal-directed behavior and are a
pre-requisite for sustained focusing, regulation of attention resources and automatic responses,
and rapid and flexible adjustment to the changeable requests of the environment (Miller and
Cohen, 2001; Burgess and Simons, 2005). These components sustain more complex cognitive
functions—such as reasoning, planning, decision-making, creativity, and problem solving—which
represent critical skills for professional success and optimal workplace performance. As posited by
Diamond (2013), “EFs make it possible for us to mentally play with ideas, quickly and flexibly adapt
to changed circumstances, take time to consider what to do next, resist temptations, stay focused, and
meet novel, unanticipated challenges” (p. 155).

In particular, according to an integrated EFs and self-regulation model (Hofmann et al., 2012),
working memory capacity, behavioral inhibition, and flexibility act as the fertile ground for
fostering active representation of multiple self-regulatory goals, adaptively switching and orienting
cognitive resources toward individual goals while actively inhibiting distracters, suppressing
maladaptive habits and mindless behavior, and regulating unwanted affective reactions and
dysfunctional distress responses. The ability to self-regulate—together with the ability to reflexively
become aware of own communication, relational, and affective schemata and to interpret others’
mental states—is then deeply linked to EFs.

Notably, it is today acknowledged that EFs might support social skills and emotion-regulation,
which also play a crucial role for successful management of social dynamics, interpersonal relations,
and adaptive stress-management (Cacioppo and Cacioppo, 2020). Building on such premises, we
suggest that they together subserve the development of a domain-independent repertoire of soft
skills—such as adaptivemanagement of the stress load, empathy (intended as the ability to interpret
and understand others’ intentions, desires, and affective states), interpersonal and communication
efficacy, and leadership—and then deserve peculiar attention with implications for both assessment
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and human resources (HR) development programs. If analyzed
via neuroscientific models, they might provide important
advantages for the enhancement of mental and relational
resources: indeed, the environment where business activities
grow and develop is dynamic, continuously changing, and
increasingly complex. Professionals working in and with such
context have to be flexible, prone to change and able to promptly
adapt to novel situations, quick in finding creative solutions
to problems, proficient in managing work-related stressors
(Chandola et al., 2010), and effective in communicating and
creating positive interpersonal relationship (Balconi et al., 2017b;
Crivelli and Balconi, 2017). In a highly competitive business
environment such as the one we are immersed in, organizations
might achieve and maintain an advantage over competitors by
investing on the identification and growth of valuable human
resources (Obisi, 2011; Collings et al., 2019).

Yet, despite the relevance of EFs as the ground for complex
cognitive and social processes and their potential role as
precursors for self-regulation and other core professional soft
skills, an overarching framework for exploring EFs at work is
still absent in the neuromanagement field. For these reasons,
this work aims at fuelling the debate on the relevance of EFs
for professionals’ cognitive, affective, and relational functioning
by presenting a novel framework for the investigation and
development of EFs at work, and at discussing, via applied
examples, future challenges and opportunities for research and
practice of an effective integration of neuroscientific models and
methods with HR development.

EFs IN THE TRIADIC MODEL FOR
ASSESSMENT AND
NEUROEMPOWERMENT

According to the triadic model for talent assessment and
neuroempowerment devised by Balconi and collaborators
(Figure 1), individual professional potential might be explored
by taking into account three main clusters of competencies:
(i) technical-analytical skills, (ii) metacognitive skills, and (iii)
relational skills.

Technical skills are specific to the function and business
area and depend on the person’s educational and experiential
background (Silzer and Church, 2009; Dessler, 2016). Typical
examples are logical reasoning applied to specific problem-
solving. Analytical skills, compared with technical ones, are
characterized by a lower level of specificity with regard
to organizational positions, in that they concern domain-
independent skills that are required in transversal areas of
applications, such as selective attention, focusing, working
memory, and behavioral inhibition.

In contrast, metacognitive skills are higher-order cognitive
process that, besides being necessary for autonomous everyday
functioning, are peculiarly important as the complexity of
the acting context increases, up to the highest levels of
professional life. They include the definition of complex
behavioral and cognitive strategies, awareness of own cognitive
and affective processes, and the use of knowledge related to

mental processes to monitor and control them, allowing the
correct allocation of cognitive resources (Dunning et al., 2018).
Metacognitive skills generally encompass strategic planning,
decision-making under uncertainty, and learning flexibility; self-
awareness (e.g., the proficiency in aptly appraising subjective
strong and weak points); and ability to focus on intrinsic
motivational drives.

Finally, relational skills, a core component in most of available
models on the determinants of talent in organizations (Dries and
Pepermans, 2007; Silzer and Church, 2009), are in the triadic
model represented by individual ability in understanding and
monitoring own and others’ affective states (emotional empathy),
as well as others’ point of view, beliefs and intentions (cognitive
empathy), by the efficiency in managing social interactions, and
by the propensity toward interpersonal relations. As elements
of the overarching construct of emotional intelligence, those
abilities contribute to the success of a professional in social and
organizational life (Dries and Pepermans, 2007).

On one hand, the top-down mental processes that constitute
the core of human EFs—i.e., inhibition mechanisms, working
memory and information-processing capacity, and cognitive
flexibility (Miyake et al., 2000; Diamond, 2013) —transversely
connote the internal structure of the triadic model and
the interdependent set of skills that constitute its three
components rather than being its unique cornerstones,
consistent with latest integrated accounts of EFs and self-
regulation (Hofmann et al., 2012). On the other hand, the model
might act as a framework for devising and implementing novel
integrated protocols for talent development and neurocognitive
empowerment at the workplace or profiling of high-level
competencies and hard/soft skills necessary for optimal
job-related performance.

Between the others, the model already proved to be a
useful map for designing both group-based interventions on
stress management and neurocognitive efficiency dedicated to
senior managerial positions (Crivelli et al., 2019b; Fronda et al.,
2019) and personalized age-management interventions based on
tailored neurocognitive empowerment protocols for higher EFs
supported by wearable neurotechnologies.

EMPOWERING EFs: APPLIED
NEUROCOGNITIVE PROTOCOLS

In the field of neuromanagement there is the impellent need
for effective and efficient protocols to empower higher EFs and
self-regulation. Recently, we developed and tested an innovative
training protocol mediated by wearable neurotechnologies,
devised for the optimization of stress management, focusing,
and executive control in stressful professional contexts, with
people who occupy top management positions (Crivelli
et al., 2019b). Top managers were selected based on their
formal company position, with the specific role as manager
being one who manages a group of resources of at least
10 people and has at least 5 years of experience in people
management. They belonged to some main companies
representing top national or international companies in
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FIGURE 1 | The triadic model of neuroempowerment for the executive functions at the workplace.

specific sectors (services, transport, food, consulting, advertising,
and insurance).

This innovative protocol specifically combined mindfulness
practice and EF potentiation with the use of a wearable
neurofeedback (NF) system managed via smartphone, and it has
been validated by previous research in both experimental and
applied contexts (Balconi et al., 2017a, 2019a,b; Crivelli et al.,
2019a,c). NF devices collect electroencephalographic (EEG) brain
waves signal and effectively provide real-time feedback on the
person’s mind–body state activity (Gruzelier, 2014). NF wearable
devices reliability in quality signal was previously compared with
EEG signal and demonstrated good quality standard and precise
feedback (Bhayee et al., 2016; Balconi et al., 2017a). Compared to
traditional NF, NF wearable device added value lies in the high
usability, low cost, and portability.

The feasibility and efficacy of the empowerment protocol
have been tested with 16 managers (Crivelli et al., 2019b). The

training period lasted 2 weeks and was constituted by brief
daily activities. The neuroempowerment protocol was based on
breathing awareness practices derived frommindfulness practice,
which were supported by a dedicated wearable NF device,
namely, a non-invasive EEG recording system connected to a
smartphone app that was devised to support mental practices
and help foster self-awareness and self-regulation via real-
time acoustic feedbacks on changes of the EEG signature of
practicer’s mindset.

At the end of the training, participants showed a significant
decrease of perceived stress, anxiety, anger and mental
fatigue, coupled with greater neurocognitive efficiency during
challenging cognitive tasks, improved electrophysiological
markers of relaxation and focusing, and improved autonomic
markers of parasympathetic recovery when exposed to cognitive
stressors. Such study was the first systematic investigation of
a neurotechnology-mediated empowerment protocol in an
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organization and with top management professionals. Though
highly innovative, the first experimentation was, however,
primarily targeted on just two core skills: self-awareness and
executive control of attention resources and stress response.
The inclusion of NF wearable devices provides the opportunity
to gather information on implicit processes that otherwise
will remain at preconscious level, and difficult to identify. It
can be considered a reliable scientific technique in applied
neuroscientific protocols and the new challenges will concern
the development of more varied software and training for the
enhancement of executive functions.

Our latest applied research activities have then focused
on the development of a revised empowerment protocol
that delves its roots deep into the proposed triadic model
for talent assessment and development. Such protocol was
devised to make the practicer train integratedly the three
core clusters of competencies and, in particular, to offer
a personalized training opportunity for empowering of
analytical, executive, metacognitive, and social skills in
aging senior managers. The integrated training approach
starts with a complete assessment of practicer’s cognitive,
executive and affective functioning and then the previously
described NF training via wearable device is integrated into
a training schedule with activities dedicated to both technical
and analytical (cognitive flexibility, working memory, and
reasoning), metacognitive (problem-solving, multitasking,
and creativity), and relational skills (perspective-taking, social
self-awareness, and self-regulation). The intensive protocol
lasts 3 weeks and includes pre/post-training assessment
based on psychometric, neuropsychological, and cognitive
performance measures, as well as detection of neurometric and
autonomic markers of neurocognitive efficiency and adaptive
stress management.

Preliminary evidence on a first pilot case highlight greater
neurocognitive efficiency featured by an increase in working
memory performance, cognitive flexibility, problem-solving,
inhibitory control, self-awareness and self-regulation, as well
as a decrease in perceived stress levels both at behavioral
and neurophysiological level. This work is configured as an
evolution of the previous research protocol which strives
to train and hold together all dimensions of the triadic
model. Furthermore, it could be applied as a valid option
for preventive age management interventions in high-level
professional contexts.

CONCLUSION

Neuromanagement was born from the need to understand
mental processes subserving motives, attitudes, and behaviors of
professionals in organizations with the final goal of predicting,
modifying, and/or enhancing them (Becker et al., 2011; Balconi
et al., 2017b; Murray and Antonakis, 2019). Yet, the application
of neuroscience in organizational contexts still represents a
frontier when we move to field applications. Several authors
argue that the lack of familiarity with neuroscientific methods
(Nofal et al., 2018), the uncertainty about expectations (Murray
and Antonakis, 2019), the resistance compared to “looking in the
Black Box” (Becker et al., 2011), and the presence of ethical issues
have probably made the professionals of the organizations rather
cautious (Butler et al., 2016).

Nonetheless, while the young field of neuromanagement
is constantly evolving to adapt to changing professional
challenges, the integration of social-cognitive neuroscience and
organizational disciplines already seemed to offer a valuable
help for both methodological-theoretical and technical reasons.
Firstly, neuroscientific disciplines include at their core a primary
interest for human mind and its higher cognitive and social
functions, and their application strongly rely on the integration
of multiple levels of analyses—from overt behavior and subjective
experiences to covert central and peripheral physiological
processes that accompany and support them. Secondly, the
neuroscience approach typically implements methodologies and
tools that proved to effectively tap on mental processes guiding
self-regulation, social skills, and higher cognition even at the
workplace. That might contribute to the effective design of HR
management practices and policies, as well as to the identification
and development of mission-critical professionals (Waldman
et al., 2017).

Aware of ethical implications of neurocognitive enhancement
on individuals and society but also of the benefits and
criticalities of its application in professional contexts, EF
neuroempowerment holds potential for the improvement of
organizations effectiveness and productivity.

AUTHOR CONTRIBUTIONS

MB and DC contributed to the conception and design of the
study. MB, DC, and LA wrote the first draft, contributed to
manuscript revision, read, and approved the submitted version.

REFERENCES

Bailey, C. E. (2007). Cognitive accuracy and intelligent executive function

in the brain and in business. Ann. N. Y. Acad. Sci.1118, 122–141.

doi: 10.1196/annals.1412.011

Balconi, M., Crivelli, D., and Angioletti, L. (2019a). Efficacy of a neurofeedback

training on attention and driving performance: physiological and behavioral

measures. Front. Neurosci. 13:996. doi: 10.3389/fnins.2019.00996

Balconi, M., Fronda, G., and Crivelli, D. (2019b). Effects of technology-mediated

mindfulness practice on stress: psychophysiological and self-report measures.

Stress 22, 200–209. doi: 10.1080/10253890.2018.1531845

Balconi, M., Fronda, G., Venturella, I., and Crivelli, D. (2017a). Conscious,

pre-conscious and unconscious mechanisms in emotional behavior. Some

applications to the mindfulness approach with wearable devices. Appl. Sci.

7:1280. doi: 10.3390/app7121280

Balconi, M., Natale, M. R., Benabdallah, N., and Crivelli, D. (2017b). New business

models: the agents and inter-agents in a neuroscientific domain. Neuropsychol.

Trends 21, 53–63. doi: 10.7358/neur-2017-021-nata

Becker, W. J., Cropanzano, R., and Sanfey, A. G. (2011). Organizational

neuroscience: Taking organizational theory inside the neural

black box. J. Manage. 37, 933–961. doi: 10.1177/01492063

11398955

Frontiers in Psychology | www.frontiersin.org 4 July 2020 | Volume 11 | Article 1519

https://doi.org/10.1196/annals.1412.011
https://doi.org/10.3389/fnins.2019.00996
https://doi.org/10.1080/10253890.2018.1531845
https://doi.org/10.3390/app7121280
https://doi.org/10.7358/neur-2017-021-nata
https://doi.org/10.1177/0149206311398955
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Balconi et al. Neuro-Empowerment of EF

Bhayee, S., Tomaszewski, P., Lee, D. H., Moffat, G., Pino, L., Moreno, S.,

et al. (2016). Attentional and affective consequences of technology supported

mindfulness training: a randomised, active control, efficacy trial. BMC Psychol.

4:60. doi: 10.1186/s40359-016-0168-6

Burgess, P. W., and Simons, J. S. (2005). “Theories offrontal lobe executive

function: clinical applications,” in Effectiveness of Rehabilitation for Cognitive

Deficits, eds. P. Halligan and D. Wade (New York, NY: Oxford University

Press), 211–231. doi: 10.1093/acprof:oso/9780198526544.003.0018

Butler, M. J. R., O’Broin, H. L. R., Lee, N., and Senior, C. (2016). How

organizational cognitive neuroscience can deepen understanding of managerial

decision-making: a review of the recent literature and future directions. Int. J.

Manag. Rev. 18, 542–559. doi: 10.1111/ijmr.12071

Cacioppo, S., and Cacioppo, J. T. (2020). Introduction to Social Neuroscience.

Princeton, NY: Princeton University Press.

Chandola, T., Heraclides, A., and Kumari, M. (2010). Psychophysiological

biomarkers of workplace stressors. Neurosci. Biobehav. R. 35, 51–57.

doi: 10.1016/j.neubiorev.2009.11.005

Collings, D. G., Mellahi, K., and Cascio, W. F. (2019). Global talent management

and performance in multinational enterprises: a multilevel perspective. J.

Manage. 45, 540–566. doi: 10.1177/0149206318757018

Crivelli, D., and Balconi, M. (2017). Agentività e competenze sociali: riflessioni

teoriche e implicazioni per il management [Agency and social skills: theoretical

remarks and implications for management]. Ric. di Psicol. 40, 349–363.

doi: 10.3280/RIP2017-003006

Crivelli, D., Fronda, G., and Balconi, M. (2019a). Neurocognitive enhancement

effects of combinedmindfulness–neurofeedback training in sport.Neuroscience

412, 83–93. doi: 10.1016/j.neuroscience.2019.05.066

Crivelli, D., Fronda, G., Venturella, I., and Balconi, M. (2019b). Stress and

neurocognitive efficiency in managerial contexts. Int. J. Work. Heal. Manag. 12,

42–56. doi: 10.1108/IJWHM-07-2018-0095

Crivelli, D., Fronda, G., Venturella, I., and Balconi, M. (2019c).

Supporting mindfulness practices with brain-sensing devices. Cognitive

and electrophysiological evidences. Mindfulness. 10, 301–311.

doi: 10.1007/s12671-018-0975-3

Dessler, G. (2016). Fundamentals of Human Resource Management. Boston,

MA: Pearson.

Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168.

doi: 10.1146/annurev-psych-113011-143750

Dries, N., and Pepermans, R. (2007). Using emotional intelligence to identify high

potential: a metacompetency perspective. Leadersh. Organ. Dev. J. 28, 749–770.

doi: 10.1108/01437730710835470

Dunning, D., Heath, C., and Suls, J. M. (2018). Reflections on self-reflection:

contemplating flawed self-judgments in the clinic, classroom, and office cubicle.

Perspect. Psychol. Sci. 13, 185–189. doi: 10.1177/1745691616688975

Fronda, G., Crivelli, D., and Balconi, M. (2019). Neurocognitive

enhancement: applications and ethical issues. NeuroRegulation 6, 161–168.

doi: 10.15540/nr.6.3.161

Gruzelier, J. H. (2014). EEG-neurofeedback for optimising performance. I: a review

of cognitive and affective outcome in healthy participants. Neurosci. Biobehav.

R. 44, 124–141. doi: 10.1016/j.neubiorev.2013.09.015

Hofmann, W., Schmeichel, B. J., and Baddeley, A. D. (2012). Executive

functions and self-regulation. Trends Cogn. Sci. 16, 174–180.

doi: 10.1016/j.tics.2012.01.006

Miller, E. K., and Cohen, J. D. (2001). An integrative theory of

prefrontal cortex function. Annu. Rev. Neurosci. 24, 167–202.

doi: 10.1146/annurev.neuro.24.1.167

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and

Wager, T. D. (2000). The unity and diversity of executive functions and their

contributions to complex “frontal lobe” tasks: a latent variable analysis. Cogn.

Psychol. 41, 49–100. doi: 10.1006/cogp.1999.0734

Murray, M. M., and Antonakis, J. (2019). An introductory guide to organizational

neuroscience. Organ. Res. Methods 22, 6–16. doi: 10.1177/1094428118802621

Nofal, A. M., Nicolaou, N., Symeonidou, N., and Shane, S. (2018). Biology and

management: a review, critique, and research agenda. J. Manage. 44, 7–31.

doi: 10.1177/0149206317720723

Obisi, C. (2011). Employee performance appraisal and implications of the

individual and organisational growth. Aust. J. Bus. Manag. Res. 1, 92–97.

Silzer, R., and Church, A. H. (2009). The pearls and perils of identifying

potential. Ind. Organ. Psychol. 2, 377–412. doi: 10.1111/j.1754-9434.2009.

01163.x

Waldman, D. A., Ward, M. K., and Becker, W. J. (2017). Neuroscience in

organizational behavior. Annu. Rev. Organ. Psychol. Organ. Behav. 4, 425–444.

doi: 10.1146/annurev-orgpsych-032516-113316

Willoughby, M. T., and Blair, C. B. (2016). Measuring executive function in early

childhood: a case for formative measurement. Psychol. Assess. 28, 319–330.

doi: 10.1037/pas0000152

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Balconi, Angioletti and Crivelli. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Psychology | www.frontiersin.org 5 July 2020 | Volume 11 | Article 1519

https://doi.org/10.1186/s40359-016-0168-6
https://doi.org/10.1093/acprof:oso/9780198526544.003.0018
https://doi.org/10.1111/ijmr.12071
https://doi.org/10.1016/j.neubiorev.2009.11.005
https://doi.org/10.1177/0149206318757018
https://doi.org/10.3280/RIP2017-003006
https://doi.org/10.1016/j.neuroscience.2019.05.066
https://doi.org/10.1108/IJWHM-07-2018-0095
https://doi.org/10.1007/s12671-018-0975-3
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1108/01437730710835470
https://doi.org/10.1177/1745691616688975
https://doi.org/10.15540/nr.6.3.161
https://doi.org/10.1016/j.neubiorev.2013.09.015
https://doi.org/10.1016/j.tics.2012.01.006
https://doi.org/10.1146/annurev.neuro.24.1.167
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1177/1094428118802621
https://doi.org/10.1177/0149206317720723
https://doi.org/10.1111/j.1754-9434.2009.01163.x
https://doi.org/10.1146/annurev-orgpsych-032516-113316
https://doi.org/10.1037/pas0000152
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

	Neuro-Empowerment of Executive Functions in the Workplace: The Reason Why
	Executive Functions Within the Company: a new discovery?
	EFs in the Triadic Model for Assessment and Neuroempowerment
	Empowering EFs: Applied Neurocognitive Protocols
	Conclusion
	Author Contributions
	References


