
General Aviation (GA) 
Exploratory Research
Investigating and identifying key areas with the most potential for 
improvement, aiming to create a more safer and optimized experience 
in General Aviation (GA)
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Pilot training

Understanding the challenges faced by aspiring private pilots, and 
experienced pilots. The challenges of Pilot training stems from the need 
to ensure the highest level of safety, professionalism, and competence 
in the aviation.

Student pilot with 0-30 flight hours, aiming to obtain 
a private pilot license

Private pilot with 150-500 flight hours, recently 
obtained a private pilot license.

Pilot with 1,200+ flight hours, owns a single-engine 
aircraft
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pilot training Journey:

Ground School

Finding ground 
school & 
Instructor

Learn Theoretical 
concepts

Attend 
Classroom 
sessions

Complete Online 
courses ‘If 

applied’

Self-Study

Finding and 
getting all books

Study Books

review FAA 
regulations

Regulations 
complexity

Online learning 
tools

Lack of 
consistency

If Instrument

rating

Flight simulators

Develop 
instrument know-

how

Hands-on flight 
training

Preflight check

Practice flight 
scenarios

Gain flight 
experience

Learn emergency 
procedures

Master Flight 
controls

Exam and 
certification

Pass written 
exam

Check-ride - Oral 
Exam

Check Ride - 
Flight

emotional level:

Pain Points:

Difficulty understanding complex aviation concepts and terminology (and all abbreviations)

Inconsistency in the quality of instruction from different flight instructors

Feeling overwhelmed by the information and tasks required for flight, planning and navigation (workload)

Anxiety about dealing with potential in-flight emergencies and decision-making under pressure (in flight assistance) 

Balancing flying passion with professional and personal commitments

Costs, flight training (Plane renting)

Preferences:

Learning tools for studying aviation concepts and regulations

Clear, concise, and easy-to-understand explanations of aviation topics (mapping, Sectional Aeronautical Charts)

Regular feedback on performance and progress

A well-organized cockpit environment (layout) with intuitive avionics and controls

Access to a network of fellow pilots and aviation enthusiasts for support and camaraderie



Pilot training DENNIS SCHAEFER - 2023

pilot training Journey:

Maintaining 
Proficiency

Regular flight 
time

Costs & Aircraft 
(rental or 

ownership)

Practice 
instrument

Keep up-to-date 
with regulations

Advanced 
training & 

Certification

Instrument rating

Sim. time

Commercial 
certification

Hours and Costs

Multi-engine 
rating

Costs and 
airplane model

Aircraft 
Management

Maintenance

Schedule and 
costs

Update avionics

Costs and 
regulations

Aircraft 
performance

Continued 
Learning

New aircraft

Additional 
courses

Safety seminars
Join pilots 

associations

emotional level:

Pain Points:

Limited experience in handling different aircraft types and complex avionics systems

Difficulty staying current with new aviation regulations and procedures

Challenges in finding a balance between flying for enjoyment and maintaining proficiency

Limited availability of advanced training resources tailored to experience level

Concerns about maintaining situational awareness and decision-making skills in challenging or unfamiliar situations

Preferences:

Advanced training opportunities, such as instrument rating or complex aircraft endorsements

Access to a wide range of aircraft types to broaden flying experience

Integration of flight planning and navigation tools with cockpit avionics for seamless information access



Pilot training DENNIS SCHAEFER - 2023

Pilot training summary:

Pilots must acquire a vast amount of knowledge in various subjects, such as aerodynamics, weather, aircraft 
systems, navigation, regulations, and airspace management. Piloting an aircraft demands the mastery of numerous 
skills, including hand-eye coordination, multitasking, and spatial awareness. 



The safety of passengers, crew, and the aircraft itself relies on the pilot's decision-making and ability to handle 
emergencies. This adds significant pressure to the learning process.



Pilots must become proficient in executing complex procedures, such as flight planning, navigation, and 
communication with air traffic control, which can be overwhelming. 



Pilots must learn to adapt to diverse weather conditions, airspace structures, and aircraft types, each presenting 
unique challenges. Coping with stress, fatigue, and decision-making under pressure. Training programs often involve 
simulations of high-stress situations to help pilots develop resilience and effective coping mechanisms.



Throughout their careers, pilots must undergo recurrent training and evaluations to maintain their licenses and stay 
up-to-date with new regulations and technologies.



Pilot training can be expensive, making it challenging for many aspiring pilots to pursue their dreams.



Cockpit design, flight and 
navigation tools
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Cockpit design

Cockpit design plays a crucial role in ensuring safety, efficiency, and 
pilot comfort. 



The layout and features of the instruments can significantly impact pilot 
workload and situational awareness. 

Factors

Ergonomics & layout (HF)

Instrument design (ID)

Workload management

Customization
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Cockpit design

c172 -  cockpit panel

Evaluating current aircraft systems, it is crucial 
to consider the age, type, and purpose of the 
aircraft. 



Upgrading or modernizing certain systems can 
significantly improve safety, efficiency, and ease 
of use, but may also require substantial 
investments and pilot training.

glass-cockpit
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A well-designed cockpit prioritizes ergonomics, with controls and instruments arranged to minimize 
physical strain and maximize accessibility. The layout should enable pilots to reach essential controls 
comfortably and intuitively, minimizing the risk of errors.



Cockpits typically feature an array of instruments about the aircraft's performance, navigation, and 
communication. Traditional "steam gauge" instruments have given way to modern "glass cockpit" 
displays, which made things even more complex.



This is why it’s important to consider Human factors in Cockpit, ensuring that pilots can quickly and 
accurately interpret the information presented to them. Help manage workload by grouping related 
controls and displays together, simplifying procedures, and automating certain tasks. 



For example, modern avionics systems can integrate flight planning, navigation, and autopilot functions, 
reducing the manual inputs required from the pilot.



GA aircraft come in various types and sizes, from single-engine piston aircraft to high-performance 
turboprops and jets. Cockpit design must account for this specific needs and capabilities.
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GA Navigation systems face several challenges in ensuring safe, accurate, and efficient operations.



Many general aviation aircraft still rely on older navigation technologies, such as VOR (VHF 
Omnidirectional Range) and NDB (Non-Directional Beacon) systems, which may be less accurate and 
reliable compared to modern satellite-based systems like GPS and its alternatives.



Integration of modern navigation technologies, such as GPS or satellite-based augmentation systems 
(SBAS) into general aviation aircraft requires substantial investment and can be complex. Ensuring 
compatibility and seamless integration with existing systems is critical.



Despite the significant advancements in navigation technology, several challenges, requires a 
comprehensive approach that includes investment in new technologies, improved regulatory frameworks, 
and increased collaboration between industry stakeholders. By addressing these challenges, general 
aviation can continue to benefit from advancements in navigation technology and maintain high levels of 
safety and efficiency in the skies.



Communication, 
avionics systems
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Analyzing existing communication tools in aviation and enhance 
communication systems between pilots, ground personnel, and air 
traffic control.



By identifying weaknesses in current systems and investing in modern 
technology, improvements can be made in comms capabilities and 
safety procedures.

Factors

Range

Reliability

Compatibility

and ease of use.

Addressing communication and avionics tools improvements can 
enhance safety, efficiency, and user experience in GA. 



it’s important to include air traffic controllers, and manufacturers to 
help to identify the most effective solutions and promote their 
widespread adoption.
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With the growing number of aircraft and the increasing reliance on communication systems, the available 
radio frequency spectrum has become crowded. This congestion can lead to interference and signal 
degradation, which may compromise communication clarity and reliability.



Many general aviation aircraft still use older communication systems, like analog radios, which are less 
efficient and more susceptible to interference than modern digital systems. Upgrading to newer 
technologies requires significant investment in both infrastructure and avionics equipment.



Effective communication is essential in aviation to ensure safety, but language barriers can pose a 
significant challenge. Non-native English speakers may have difficulty understanding or communicating 
clearly in high-stress situations. Miscommunication or lack of communication between pilots and air 
traffic controllers can lead to serious incidents. Enhancing communication protocols and procedures is 
crucial to minimize human error.



Integration of unmanned aircraft systems (UAS): The rapid growth of drones and other unmanned aircraft 
systems creates new challenges for general aviation communication systems. Integrating UAS into the 
existing airspace and communication



Aircraft 

maintenance and 
reliability
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Aircraft maintenance and reliability are crucial aspects of general aviation. As aircraft age, it 
becomes increasingly challenging to maintain their reliability and airworthiness. 



On the other hand as new technologies emerge, maintaining and upgrading aircraft systems can be 
challenging. Technicians must be trained to work with advanced avionics and other systems, and 
aircraft may require extensive modifications to accommodate new components.



Aircraft maintenance can be expensive, especially for smaller general aviation owners/operators 
who may have limited resources. The high cost of maintenance can sometimes lead to deferred or 
substandard maintenance practices, which may negatively impact aircraft reliability and safety.



Strict regulatory requirements imposed by aviation authorities, such as the FAA in the United States. 
Ensuring compliance with these regulations can be complex and time-consuming, but it is essential 
to maintain safety and reliability standards.
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Aircraft maintenance plays a crucial role in pilot training and safety, particularly due to the presence 
of older airplanes with outdated systems. Pilots must be trained to understand and operate these 
complex systems, which can increase training complexity and affect their confidence in the aircraft. 



Compliance with regulatory requirements is essential for maintaining aircraft safety standards and 
technical knowledge. Non-compliance can lead to certification issues in training programs, further 
complicating pilot training.



Safety systems 

and technologies
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Safety systems
Safety systems and technologies play a vital role in enhancing the safety of General Aviation (GA) operations. Many of 
these systems have been developed to mitigate risks and help pilots make better decisions during flight.



Traffic Collision Avoidance Systems (TCAS) monitors the airspace around an aircraft to detect potential collision risks 
with other aircraft. It provides pilots with visual and auditory alerts, as well as guidance on how to respond to potential 
threats. (Not well trusted in GA)



Automatic Dependent Surveillance-Broadcast (ADS-B) is a satellite-based surveillance system that allows aircraft to 
broadcast their position, altitude, speed, and other information to air traffic control and other aircraft. It provides pilots 
with real-time traffic information, improving situational awareness and safety.



Terrain Awareness and Warning Systems (TAWS) uses GPS data and terrain databases to provide pilots with information 
on potential ground collision risks. It gives visual and auditory warnings if the aircraft is approaching hazardous terrain or 
obstacles.



Electronic Flight Bags (EFB) are digital devices that replace traditional paper-based flight documentation, such as charts, 
checklists, and performance data. They help pilots stay organized, reduce workload, and access critical information 
more efficiently during flight. 

Advanced weather radar systems and satellite data provide pilots with real-time information on weather conditions, 
including turbulence, thunderstorms, and icing conditions. This allows pilots to make informed decisions regarding route
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Safety systems such as autopilot, autonomy, and control support in general aviation have the potential to significantly 
enhance safety, efficiency, and the overall flight experience. These systems can assist pilots, reduce workload, and 
mitigate risks in various ways.



Autopilot systems can help pilots to focus on other tasks or navigate challenging flight conditions. and maintain a stable 
flight, reduce pilot fatigue, and enable more precise flight operations.



Well integrated Advanced flight control support systems, such as envelope protection and stability augmentation 
systems, can help pilots maintain control of the aircraft in difficult situations or during periods of high workload ie.: 
Landings, slow flights etc. These systems can prevent the aircraft from entering dangerous flight conditions, such as 
stalls or extreme attitudes, enhancing overall flight safety.



To all of these, the development of autonomous flight technology is advancing rapidly, with the potential to transform 
general aviation completely. Autonomous systems can reduce pilot workload and help reduce the risk of human error. 
While full autonomy is not yet commonplace in general aviation, semi-autonomous features such as automatic takeoff 
and landing, and advanced autopilot functions, are becoming more prevalent.



Regulatory and 
compliance 
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What are the challenges (GA) faces with regulatory and compliance?



Aviation regulations can be extensive and complex, making it difficult for GA community and pilots to fully understand 
and comply with all the applicable rules. This complexity can lead to unintentional non-compliance and potential 
safety risks.

The GA fleet is highly diverse, including various types and ages of aircraft, from small single-engine planes to larger 
business jets. Ensuring that regulations adequately cover the unique needs and requirements of each aircraft type 
can be challenging.

On top of that, keeping up with technological advancements regulations need to evolve to address the potential 
safety implications and operational requirements. Keeping up with these changes and ensuring that regulations 
remain current and relevant can be difficult for regulatory bodies.

Complying with aviation regulations can be expensive, particularly for small GA operators who may have limited 
resources. This can sometimes lead to cost-cutting measures or delayed investments in safety systems and 
technology, which may have negative impacts on safety.

Ensuring that GA community and pilots adhere to regulations requires robust oversight and enforcement 
mechanisms. However, limited resources and the sheer number of GA operations can make it challenging for 
regulatory bodies to effectively monitor and enforce compliance.



 Common safety issues in GA
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 Common safety issues
Most common safety issues in GA:



Loss of Control In-flight (LOC-I): This occurs when a pilot is unable to maintain control of the aircraft, often due to 
factors such as stalls, spins, or spatial disorientation. LOC-I is a leading cause of fatal GA accidents.

Controlled Flight Into Terrain (CFIT): This occurs when a fully functional aircraft is inadvertently flown into the ground, 
water, or an obstacle. CFIT accidents often result from poor visibility, pilot disorientation, or inadequate situational 
awareness.

Weather-related accidents: Encountering adverse weather conditions, such as thunderstorms, icing, or turbulence, 
can lead to accidents if pilots are unprepared or lack the necessary skills to handle these situations.

Mid-air collisions: Although relatively rare, mid-air collisions can be catastrophic. These accidents often result from 
poor communication, inadequate traffic awareness, or failure to maintain proper separation from other aircraft.

Fuel management: Fuel-related accidents, such as fuel exhaustion, fuel starvation, or contamination, can be a result 
of poor fuel management or inadequate pre-flight planning.

Runway incursions and excursions: These occur when an aircraft enters a runway without authorization or when an 
aircraft overruns or veers off the runway during takeoff or landing. Contributing factors can include poor 
communication, lack of situational awareness, or inadequate runway conditions.

Mechanical failure: While modern aircraft are generally reliable, mechanical failures can still occur. These accidents 
are often due to inadequate maintenance, manufacturing defects, or wear and tear.

Human factors: Many GA accidents can be traced back to human factors, such as pilot error, poor decision-making, 
inadequate training, or fatigue.
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Summary

While all of the areas listed are important to improve General 
Aviation, the biggest leverage to improve can arguably be 
achieved by focusing on "Safety systems and technologies." 



By exploring advanced safety technologies and enhancing 
existing systems, we can significantly reduce accidents and 
incidents, which ultimately benefits the entire aviation 
ecosystem. 



This includes improvements in systems such as collision 
avoidance, primary and secondary controls inputs.



Improved safety systems and technologies not only protect 
pilots, passengers, and people on the ground but also can lead 
to increased public trust and interest in GA, which can further 
drive innovations and improvements in other areas.

Aircraft Design/
Maintenance

Instruments/
Navigation 
Systems

Safety Systems

GA

Avionics/
Communcation 

systems
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Regulatory 
compliance

Pilot Training
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Addressing these areas in aircraft systems can significantly enhance safety, efficiency, and user 
experience in general aviation.



Collaborating with industry stakeholders, including pilots, air traffic controllers, and manufacturers, 
can help to identify the most effective solutions and promote their widespread adoption.
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