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Abstract

Article Type:
Research-based

Background & Purpose: The accurate selection of pilots is a highly sensitive and critical process,
as any human error arising from compromised mental health, physical health problems, or pilot
negligence can impose substantial human and financial losses on the aviation industry. From this
perspective, the present study aimed to propose a framework for enhancing and optimizing the
methods used for the selection and screening of employment candidates through the application
of cognitive science instruments.

Methodology: This applied study employed an experimental research design and utilized the
NeuroServ Q4600 device, NeuroGuide software, and the Python programming language to
acquire EEG signals from the candidates and subsequently process, analyze, and score the
resulting data. In this study, purposive sampling was conducted within a limited statistical
population comprising 113 pilot applicants and 25 expert pilots.

Findings: Based on the acquired data and the findings of the study, a process for conducting
neurological examinations of pilots was designed and implemented. In the initial stage, the
applicants and expert pilots were referred to a neurologist for preliminary evaluation.
Subsequently, the approved participants underwent EEG assessment. This was followed by signal
preprocessing and data quality control, after which quantitative cognitive features were identified
across six domains. In the next stage, an analytical scoring system for the applicants was
designed and implemented using machine-learning algorithms. In the final stage, statistical
analysis was conducted by comparing the patterns of expert pilots with those of the pilot
applicants, resulting in the classification of the applicants into three groups: high-scoring (31
participants), intermediate-scoring (26 participants), and low-scoring (56 participants).
Conclusion: The proposed framework enables more accurate selection through improved
neurological examinations, thereby enhancing the overall employment-selection process and
preventing the premature attrition of pilots from the operational cycle. Ultimately, through the
proposed framework and the screening and selection of qualified individuals, more effective
management of the organization’s human and financial resources can be achieved.
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Cognitive Science Tools

Extended Abstract

Background & Purpose

The proper selection of pilots is one of the most sensitive and strategic human resource decisions in the aviation
industry. The smallest human error rooted in poor mental health, physical weakness, cognitive impairment, or
negligence can lead to irreparable accidents, human casualties, and heavy financial losses. Therefore, aviation
organizations are always seeking methods that can screen applicants more accurately and assess their hidden
competencies before they enter the operational cycle. Traditional selection methods, although experience-based and
common, may be affected by bias, limitations of clinical assessments, and an inability to predict an individual’s
actual performance. With this perspective, the present study aimed to propose a framework for improving and
optimizing the selection and screening methods of job applicants using cognitive science tools. In other words, the
main question is how, by relying on neurocognitive and cognitive markers, the pilot selection process can be
transformed from a largely qualitative decision into a multidimensional, objective, and measurable process.

Methodology

This applied study used experimental designs. To collect data, EEG signals of applicants were recorded using
NeuroScan and Q4600 devices, NeuroGuide software, and the Python programming language. The obtained data
were then processed, analyzed, and scored. Purposive sampling was conducted in a limited statistical population
comprising 113 applicants and 25 expert pilots. In the first stage, applicants and expert pilots visited a neurology
specialist and underwent initial assessment. Then, approved participants underwent neurological examinations.
Next, signal preprocessing and data quality control were performed, and quantitative cognitive features were
determined in six domains. In the next stage, an analytical-scoring system for applicants was designed and
implemented using machine learning algorithms. In the final stage, by comparing the patterns of expert pilots and
job applicants, statistical analysis was carried out, and applicants were divided into three categories: top (31
people), intermediate (26 people), and lower (56 people). This methodological structure shows that the study did
not merely describe the situation but sought to build a practical system to support decision-making in selection.

Findings

Based on the obtained data and research findings, the process of neurological examinations for pilots was designed
and implemented. In the first step, initial assessment of applicants and expert pilots was performed by a neurology
specialist, and eligible participants entered the study. Then, EEG signals were recorded, preprocessed, and quality-
controlled. Quantitative cognitive features were extracted in six domains and used as the basis for comparative
analysis. The design and implementation of the analytical-scoring system with machine learning algorithms made it
possible to convert raw neurocognitive data into interpretable scores. In the final stage, comparison of the patterns
of expert pilots with job applicants showed that applicants could be placed at different levels of competence based
on cognitive and neurocognitive markers. Accordingly, 31 people were placed in the top category, 26 in the
intermediate category, and 56 in the lower category. This classification allows more accurate screening and
identification of individuals who are more likely to succeed in piloting jobs and operational conditions. The
designed framework can also be used as a complementary tool alongside interviews, psychological tests, and
medical assessments, providing a more comprehensive picture of the applicant’s capabilities.
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Conclusion

With the designed framework, more accurate selection in neurological examinations can be achieved and the level
of the employment selection process can be improved. Such an approach prevents the early exit of pilots from the
operational cycle, because individuals who are more cognitively and neurocognitively aligned with the
requirements of the piloting profession are more likely to successfully complete training and operations.
Ultimately, with the framework proposed in this study and through screening and selecting qualified individuals,
better management of human and financial resources will be achieved in the organization. In addition, the use of
cognitive science tools, EEG, and machine learning can reduce human error, increase flight safety, and lower costs
caused by inappropriate selection, incomplete training, and early exit of human resources. The present framework
can serve as a basis for future research aimed at further validation, development of more precise algorithms, and
application in other sensitive and high-risk occupations. This framework can become a decision support system and
transform neurocognitive outputs into operational and comparable indicators. By integrating EEG data, cognitive
scores, educational records, and clinical assessments, this system provides a multilayer profile of applicant
readiness. Such a profile helps selectors make decisions not only based on general thresholds but also based on
individual and occupational patterns. Periodic monitoring of these indicators during training and service makes it
possible to identify performance decline early and intervene in a timely manner. Precise documentation of the
screening process increases transparency, accountability, and employment equity and reduces arbitrary decisions.
Finally, by relying on objective evidence, this framework helps the organization maintain human capital more
sustainably and improve flight safety.

Keywords: human resource management; recruitment; cognitive sciences; cognitive neuroscience; electroencephalography; expert
pilots; aviation medical examination.
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