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Abstract 
 
The Ecological Dynamics Model for Aviation (EDMA) is a learning framework for general aviation 
flight training. It treats learning to fly as the development of adaptive skill within a nested system of 
influences, from the pilot's perception and action at the centre, out through cognitive and affective 
demands, operational context, training culture, values, and finally time and technology. The model's 
central mechanism is perception-action coupling: pilots learn to detect and respond to the cues that 
govern flight rather than to reproduce procedures in isolation. EDMA does not introduce new science. 
It integrates established findings from ecological psychology, motor learning, and aviation safety 
research into a single model built for flight training, and it explains why durable, transferable skill 
depends on varied, representative practice. This whitepaper sets out the model, shows how it 
strengthens rather than replaces competency-based and procedural training, and argues its value 
through a safety lens. EDMA is presented as a candidate framework that merits adoption, structured 
piloting, and empirical evaluation. 
 
 
Definitions 

Affordance A possibility for action that exists in the relationship between the pilot and the 
environment. A runway affords landing only relative to the pilot's ability to perceive 
its length, slope, and conditions. Affordances fit between what the environment 
offers and what the actor can do (Gibson, 1979). 

Attunement The development of sensitivity to the specific environmental information that is 
relevant to controlling action. An attuned pilot detects the cues that matter for a 
given task and disregards those that do not. In ecological psychology, attunement is 
considered the primary mechanism of perceptual learning (Lintern, 1995b). 

Perception-action 
coupling 

The functional relationship between what a pilot perceives and how they act, 
where each continuously influences the other. Perceiving a changing glidepath 
alters control inputs, and those inputs change the visual information available. 
Perception and action operate as a loop, not a sequence (Gibson, 1979). 

Representative 
practice 

Training that preserves the key relationships between cues and actions that exist 
in real flight. If a skill depends on visual and kinaesthetic information during 
approach, practice should include those same sources of information rather than 
replacing them with verbal instruction alone (Pinder et al., 2011). 

Ecological dynamics A framework from motor learning research that explains skilled performance as 
the product of constraints acting on the individual, the task, and the environment. 
Skill is not stored as a fixed program. It emerges from how these constraints interact 
in real time (Davids et al., 2012). 

Variability of 
practice 

Deliberately varying the conditions of practice across repetitions so that the 
learner develops flexible, transferable skill rather than a single rehearsed 
response. Variability trains attention by exposing the learner to different versions of 
the same problem (Huet et al., 2011). 
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An Ecological Dynamics Model for Aviation 
 
How we understand the learning of complex, high-stakes skill has shifted. Across domains where the 
cost of failure is severe, from elite sport to surgery to the training of astronauts for missions beyond 
orbit, training is moving away from the rehearsal of fixed procedures and toward the development 
of adaptive skill that holds up when conditions depart from the script. Aviation has already taken 
real steps in this direction, yet general aviation training still lacks a single framework that explains 
how these pieces fit together or why. The result is that despite decades of effort, pilots continue to 
lose control of serviceable aircraft in circumstances their training had not prepared them to meet. 
 
General aviation training still relies heavily on procedural repetition, manoeuvre checklists, and 
competency statements as the main architecture for learning. Real flight requires the continuous 
coupling of perception and action under changing environmental, technical, emotional, and social 
conditions. It also requires retention across long gaps, transfer to unfamiliar situations, and safe 
adaptation. Research from aviation, ecological psychology, motor learning, and safety science shows 
that these outcomes are not well served by narrow training designs built mainly around repetition of 
prescribed responses (Franks et al., 2014; Jacobson, 2010; Landman et al., 2018; Lintern, 1995a; 
Roggow, 2025). 
 
The Ecological Dynamics Model for Aviation, or EDMA, offers a stronger foundation for a modern 
educational framework. EDMA treats learning to fly as the emergence of adaptive skill within a 
nested system of influences. Perceptual systems, cognitive and affective systems, operational 
context, sociocultural and organisational systems, cultural values and beliefs, and time and 
technology each shape what the learner can notice, do, retain, and transfer. The model has been 
conceived based on the best available evidence on perceptual learning, representative practice, 
variability, surprise management, retention, and safety (Gibson, 1979; Healy et al., 2014; Huet et al., 
2011; Landman et al., 2017a; Lintern, 1995b; Pinder et al., 2011). 
 
EDMA is the educational bridge between the physical truths of flight and the pilot's ability to apply 
them in real conditions. Its core premise is perception-action coupling, the continuous and mutually 
defining link between what a pilot perceives and how they act (Gibson, 1979), and its structure 
follows from the principle that skilled performance emerges through the interaction of the 
individual, the task, and the environment rather than from stored procedure alone (Newell, 1986). 
 
The central claim of this whitepaper is that EDMA offers a coherent integrative framework for 
general aviation and light aircraft training, one that merits adoption, structured piloting, and 
empirical evaluation. It is intended to provide a stronger explanation of how pilots actually learn, a 
stronger account of why loss of control and other safety failures persist, and a better basis for 
curriculum, instructor development, and training design than procedural or narrowly competency-
based models alone (Hattingh et al., 2022; Majumdar et al., 2021; Smith & Bromfield, 2022). By 
providing this framework, the EDMA can help address several persistent aviation training problems. 
 

Purpose 
 
EDMA is an integrative educational framework for general aviation and light aircraft training. It is  
developed to illustrate how flying skill forms, is retained, and transfers, and to organise that account 
around the pilot. Its central purpose is educational. It seeks to improve how flying is taught by giving 
instruction a coherent theoretical foundation rather than leaving the connection between standards 
and learning to individual judgement. The framework treats the existing architecture of flight 
training as something to be retained and reconciled. While competency standards, procedural 
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training, and validated programs such as TEM, UPRT, SBT, CRM, and EBT each contribute,  none on 
its own explains how a pilot comes to learn, hold, and adapt those capabilities under the changing 
conditions of real flight. EDMA provides the foundation within which these elements can be located 
and understood in relation to one another. 
 
EDMA returns the learner to the centre of training design. Many established frameworks specify the 
outcomes a pilot must demonstrate or the procedures a pilot must follow, yet say little about the 
person acquiring them and the conditions under which that acquisition succeeds or fails. By 
beginning with the pilot and working outward through the systems that shape perception, cognition, 
context, culture, and time, EDMA makes the learner the organising principle of training rather than 
an implied beneficiary of it. This reorientation has direct consequences for instruction, because it 
locates the instructor's task within a structured account of how learning develops rather than within 
the demonstration and correction routines that competency statements alone tend to encourage. 
 
The framework is therefore also a model of instruction. Good teaching in flight training is demanding 
and frequently uneven, in part because the educational concepts that inform it, including motor 
learning, cognitive load, and the levels of learning, are commonly taught as discrete topics within 
Principles and Methods of Instruction courses. They are not yet integrated into a single framework 
that an instructor can hold onto and apply in practice. EDMA gathers these concepts into one 
coherent structure, so that an instructor working within the model is supported by its design to 
teach in ways that develop perceptual attunement and adaptive judgement, and is relieved of the 
need to construct that integration from personal experience alone. 
 
While this whitepaper develops EDMA for teaching and flight training design, the framework has 
potential application beyond initial training. Its nested structure offers a principled way to locate 
where human performance is shaped and where it breaks down, which suggests future value in 
human factors analysis and accident investigation, areas in which related frameworks such as 
Rasmussen's skills, rules, and knowledge model are already well established (Rasmussen, 1983). 
These applications are only noted here as possible directions for future work. 
 

The Training Problem EDMA Addresses 
 
General aviation asks students to learn in a domain where errors unfold in real time, conditions vary 
from lesson to lesson, and many safety critical failures emerge from breakdowns in cue use, timing, 
judgment, and adaptation rather than from simple lack of procedural knowledge. Yet much training 
remains organised around isolated manoeuvres, pre-structured demonstrations, and assessment 
items that reward reproducibility more than adaptable control. This creates a persistent gap 
between what training measures and what safe flight demands (Lintern, 1995a; Loukopoulos et al., 
2016; Marques et al., 2023). 
 
That gap matters most where the safety consequences are sharpest. Loss of control remains one of 
the most serious accident categories in aviation, and general aviation fixed wing accidents continue 
to show strong links to pilot action, state recognition failures, approach and landing control 
problems, stall related events, and wider human factors conditions (Majumdar et al., 2021; Roggow, 
2025; Smith & Bromfield, 2022). Research on upset response, startle, and surprise further shows 
that pilots trained in predictable ways can perform poorly when confronted with unexpected events, 
even when they know the correct procedure in principle (Burki-Cohen, 2010; Kinney & O’Hare, 2020; 
Landman et al., 2017b). A stronger training model must therefore do more than certify that a learner 
can perform a task in a stable and expected format. It must explain how learning environments 
produce durable skills, safe judgment, adaptive control, and resilient performance over time. EDMA 
is designed to address that need. 
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The same reasoning is emerging in domains far removed from light aircraft. In a recent analysis of 
astronaut training for missions to the Moon and Mars, Caso (2026) argues that the central challenge 
is not the storing and retrieving of procedures but the recalibration of perception-action couplings to 
environments that no longer behave as training assumed. Astronauts must remain perceptually 
attuned and operationally resilient in conditions that cannot be fully understood in advance. The 
parallel to general aviation is clear. A pilot is licensed to operate within open set of conditions that 
no syllabus can fully anticipate. They must read and respond to whatever the day presents. 
Spaceflight represents an extreme test of the demands placed on any aviator. That ecological 
dynamics is being applied in such an environment is encouraging for the application of EDMA to 
general aviation proposed here. 
 

Theoretical Foundations 
 
Ecological dynamics offers a fundamentally different way of understanding how people learn to act 
in complex, changing environments. Traditional models treat knowledge as something transferred 
from instructor to learner and stored as rules or mental models, to be retrieved and applied when 
needed. Ecological dynamics begins elsewhere. It holds that skill develops through repeated 
interaction between the individual, the task, and the environment, and that skilled performance is 
best understood not as the execution of stored procedures but as the continuous coupling of 
perception and action (Davids, Button, & Bennett, 2008; Gibson, 1979). 
 
The foundation of this view is the work of James Gibson, who argued that perception is not the 
passive receipt of sensory data but the active pickup of information the environment makes 
available (Gibson, 1979). A pilot judging a landing does not compute a glidepath from abstract 
figures. They perceive it directly in the changing shape of the runway and the flow of the world past 
the aircraft. Gibson called the action possibilities the environment offers affordances. They are 
defined as the opportunities for action that exist in the relationship between a person's capabilities 
and the situation before them. Learning, in this account, is the progressive attunement to the 
affordances that matter and the disregard of those that do not (Gibson, 1979; Araújo, Davids, & 
Hristovski, 2006). 
 
This places the environment at the centre of any account of skill. As Reed (1996) put it, the 
capacities of an organism cannot be understood without considering the environment in which they 
developed. For flight, this means a pilot's skill cannot be understood, or trained, in isolation from the 
real conditions of flying. A landing rehearsed only in still air is not the same skill demanded on a 
gusty afternoon with traffic and a lowering cloud base. The environment is not a backdrop against 
which skill is performed. It is part of what the skill is. 
 
If perception and environment are inseparable, skill cannot be reduced to the individual alone. 
Newell (1986) showed that coordinated movement emerges from the interaction of three sets of 
constraints: the individual, the task, and the environment. Alter any one of these, and the skill that 
emerges alters with it. This is the principle that gives EDMA its nested structure. The pilot sits at the 
centre, but what that pilot can perceive, do, and learn is shaped at every moment by the task and 
the environment around them. 
 
These are not new or novel ideas. Ecological dynamics draws on ecological psychology, systems 
theory, and skill acquisition science, and it has a substantial evidence base in sport and motor 
learning, where it has reshaped how practice is designed for performance under pressure (Davids et 
al., 2008; Pinder, Davids, Renshaw, & Araújo, 2011). More recently, it has been carried into the most 
demanding operational environments there are. 
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In a recent analysis of astronaut training for missions to the Moon and Mars, Caso (2026) argues that 
the central challenge is not the storing and retrieving of procedures but the recalibration of 
perception-action couplings to environments that no longer behave as training assumed. Astronauts, 
on this account, must remain perceptually attuned and operationally resilient in conditions that 
cannot be fully specified in advance. The parallel to general aviation is clear. A pilot is licensed into 
an open set of conditions that no syllabus can fully anticipate, and must read and respond to 
whatever the day presents. Spaceflight is an extreme test of the demands placed on any aviator, and 
that ecological dynamics is being applied at that extreme is a measure of the approach's reach. 

 
A Common Instructional Story 
 
The following vignette is offered as an illustrative teaching example, not as empirical evidence. 
 
There is a familiar story in aviation training. It is the story of the many who begin, and the far smaller 
number who continue. It is also the story of the few who return after time away from flying and 
attempt to rebuild their skills. Two such pilots returned to aviation after a long break. Both had 
strong careers in public service and a long-standing passion for flying. Keen to get back in the air, 
they purchased a light sport aircraft together and began flying again. Between them they had prior 
flight experience and a reasonable amount of retained knowledge from their earlier training. 
 
Early observations during refresher flying revealed something that is common across many training 
environments. The pilots knew that checks were required, but recall was inconsistent and 
procedural flow was lacking. Terminology varied. The pre-landing checks in particular appeared to be 
treated as something to complete quickly before the “real” task of landing. They were performed as 
a routine, but with little apparent connection to the unfolding flight situation. This raised an 
important instructional question. Why had experienced pilots come to treat pre-landing checks as a 
procedural obligation rather than as an integral part of preparing the aircraft and pilot for the 
landing itself? 
 
The instructional approach was deliberately adjusted. Each phase of the flight was briefed and flown 
with a different emphasis. Actions were explicitly linked to their operational outcomes. Vocabulary 
was standardised and used consistently. Most importantly, each required action was tied to a 
specific perceptual cue in the environment. Rather than asking pilots simply to complete the checks, 
they were guided to notice what the aircraft and environment were telling them and to respond 
accordingly. The checks became a way of organising attention toward meaningful information in the 
flight environment. Within only a few hours of flying, the change was noticeable. One pilot 
commented that they were surprised by how much progress had occurred in such a short time, 
noting that they had experienced more meaningful development in that short time than during 
much of their earlier training. 
 
The difference in the outcome for these pilots did not come about from additional information, 
bland repetition, or more detailed procedures. It lay in how the learning environment was 
structured. By linking perception to action, directing attention toward affordances in the flight 
environment, and allowing variability across repeated flight situations, the pilots were able to rapidly 
rebuild functional mental models for responding to the real demands of flying. This small example 
illustrates an important point. When instruction is designed to support perception-action coupling, 
learning can progress rapidly. Pilots are learning how to detect and respond to the information that 
actually governs flight and to build correlation level understanding of a skills purpose, rather than 
memorising isolated procedures. 
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The Structure of the EDMA 
 
EDMA reframes flight training around the conditions under which skill emerges and stabilises. It does 
not reject procedures, competencies, or standards. It places them within a broader account of 
learning. EDMA is theoretically coherent because each layer of the model maps onto an established 
body of learning and safety research. 

 
The nested structure of EDMA is both theoretical and heuristic. The pilot sits at the centre because 
all flight performance ultimately flows through the individual's perception and action. The innermost 
rings represent systems closest to that perception-action coupling: perceptual systems first, then 
cognitive-affective processes that modulate attention, judgment, and emotional regulation.  
 
In conventional ecological dynamics models, these functions are typically considered under the 
broader category of individual constraints (Davids et al., 2012). EDMA treats them as distinct layers 
because they are different functional systems. Perceptual attunement and the cognitive control of 
action draw on different resources and can succeed or fail independently, even though they always 
operate together through the same pilot. Rasmussen's (1983) work on human performance 
reinforces why the cognitive side cannot be treated as uniform. He observed that people control 
complex systems in different ways depending on how familiar a situation is, shifting from smooth 
automatic control guided by perceptual feedback, to procedure-based responses to recognised cues, 
to deliberate reasoning under genuine novelty. These modes place different demands on attention, 
memory, and judgment. A pilot's perceptual skill may be sound while the mode of control they can 
sustain under pressure is not. 
 

Figure 1: Structural Overview of the EDMA 
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The inner layers are surrounded by the operational context: the immediate environment of aircraft, 
weather, terrain, traffic, and task demands within which perception and action unfold. The outer 
rings represent broader systems that shape but do not directly govern moment-to-moment control. 
These are the sociocultural and organisational influences, cultural values and beliefs, and finally time 
and technology. Each of these layers is described in its own section below.  
 
The ordering reflects a gradient from proximal to distal influence. Inner layers operate in real time 
during flight. Outer layers operate across longer timescales and shape the conditions under which 
inner-layer performance develops. This is not a strict hierarchy of importance. All layers interact, and 
a weakness in any one can undermine the others. The nested arrangement is a design heuristic. It 
helps trainers and curriculum designers identify which layer a given intervention targets and how 
that layer relates to the rest. 
 

Perceptual Systems 
The perceptual systems layer addresses how pilots detect and use information from the 
environment to guide action. In ecological psychology, perception is not the passive reception of 
stimuli but an active pickup of information that specifies certain affordances. In other words, what 
actions the environment makes possible relative to the pilot's capabilities (Gibson, 1979). For flight, 
this includes visual information specifying glidepath, motion parallax indicating drift, kinaesthetic 
feedback signalling coordination or lack of, and so forth. 
 

Figure 2: The EDMA 
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Lintern's research on flight training demonstrates that perceptual learning is central to skill 
acquisition. Pilots must become attuned to which specific cues matter for a given task and learn to 
disregard those that do not (Lintern, 1995b). Training that relies on too much verbal instruction or 
procedural explanation without exposing learners to the relevant perceptual information produces 
pilots who know what to do but do not know when to do it. Huet and colleagues demonstrated that 
variability of practice in landing training improved perceptual attunement by educating attention 
toward the cues that remained reliable across changing conditions (Huet et al., 2011). In other 
words, a sorting and prioritising of information rather than an amassing of information. 
 
This fluent, attuned control is what Rasmussen (1983) described as skill-based behaviour: 
performance guided directly and continuously by perceptual information, without deliberate step-
by-step reasoning. A pilot flying a stable approach is not consciously working through rules. They are 
reading the runway, the sight picture, and the feel of the aircraft, and adjusting in real time. Building 
this kind of control is the primary task of the perceptual layer, and it depends on the quality of the 
information the learner has been taught to detect. 
 
This layer interacts directly with the cognitive-affective layer above it. What a pilot perceives shapes 
what they attend to, and attention is modulated by workload, arousal, and expectation (Huet et al., 
2009; Landman et al., 2017a). Perceptual attunement cannot be separated from the cognitive and 
emotional state in which it operates. 
 
Cognitive-Affective Systems 
The cognitive-affective layer addresses how attention, workload, judgment, and emotional 
regulation shape pilot performance. Perception provides information, but what pilots do with that 
information depends on cognitive capacity and affective state. Under high workload, attention 
narrows and peripheral cues may be missed. Under threat or surprise, arousal can disrupt the very 
responses that training was meant to instil. 
 
Research on startle and surprise in aviation demonstrates that emotional disruption materially 
affects performance even when pilots possess the required knowledge and skill. Landman et al. 
found that pilots trained in predictable environments showed degraded upset recovery performance 
when faced with unexpected scenarios, not because they lacked the procedure but because surprise 
disrupted execution (Landman et al., 2017b). Kinney and O'Hare (2020) showed that physiological 
arousal during unexpected events impaired information processing and response selection. These 
findings indicate that cognitive and affective factors are not secondary to skill; they are conditions 
under which skill either emerges or fails. 
 
Rasmussen's (1983) framework helps explain why. Familiar flying runs largely on skill-based control, 
where perception and action are tightly coupled and demand little conscious effort. When a 
situation departs from the expected, the pilot is forced upward into rule-based or knowledge-based 
control, which is slower and draws heavily on attention and working memory. Surprise and high 
workload strike at exactly the moment this shift is required, degrading the cognitive resources the 
higher modes depend on. A pilot can possess the correct procedure and still fail to apply it, not from 
a gap in knowledge but because the conditions for accessing it have collapsed. 
 
Training implications follow directly. Instruction must scaffold cognitive load so that challenge 
increases without overwhelming the learner (Huet et al., 2009). It must also expose learners to 
variability and manageable surprise, so that meeting the unexpected and shifting between modes of 
control becomes a practised part of flying rather than an untested assumption. A pilot who has only 
ever flown to script has never rehearsed the very transition that surprise demands. This layer 
interacts upward with operational context, where task demands and environmental complexity 
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determine the load placed on cognitive and affective resources. 
 
 
Operational Context 
The operational context layer addresses the immediate environment in which flying occurs: the 
aircraft type and configuration, weather, terrain, traffic, airspace structure, and the specific 
demands of the task at hand. In ecological terms, this layer defines the constraints and affordances 
that shape what actions are possible and what information is available to the pilot. 
 
Lintern (1995a) argued that flight instruction research has consistently underestimated the role of 
context in learning. Skills acquired in simplified or artificial conditions often fail to transfer to 
operational environments because the cues and action demands that governed learning are absent 
in the real task. Pinder and colleagues formalised this as the principle of representative design: 
training environments should preserve the key relationships between information and action that 
exist in the performance environment (Pinder et al., 2011). When those relationships are stripped 
out for convenience or safety, the resulting learning may be internally consistent but externally 
fragile. 
 
Scenario-based training validates this principle. Studies comparing SBT with traditional manoeuvre-
based syllabi found that students trained in representative contexts showed better transfer to 
realistic flight situations (Dornan et al., 2007; Craig et al., 2005). EDMA treats operational context 
not as background but as a design variable. The question for curriculum designers is whether 
practice preserves the structure of the task or distorts it. This layer interacts downward with 
perceptual and cognitive-affective systems, which depend on context for the information and 
demands they must process, and upward with sociocultural systems, which shape how operational 
contexts are interpreted and managed. 
 
Sociocultural and Organisational Systems 
The sociocultural layer addresses how the social and organisational environment of training shapes 
what learners can do, say, and become. Learning does not occur in a vacuum. It unfolds within 
relationships, norms, and power structures that determine whether questions are welcomed, errors 
are disclosed, and uncertainty is treated as normal or as failure. 
 
Research on safety culture in aviation training confirms that these conditions matter. Gao and 
Rajendran (2017) found that safety climate in ab initio training organisations influenced student 
attitudes and behaviours in ways that persisted beyond initial certification. Dekker and Lundström 
(2006) argued that resilient performance depends on cultures that treat error as information rather 
than as grounds for blame. Bennett (2018) showed that CRM effectiveness depends not only on 
individual skill but on communication norms and the willingness to speak up, conditions that are 
shaped by organisational culture rather than by individual training alone. 
 
For EDMA, this layer is not peripheral. If learners cannot question, disclose confusion, or discuss near 
misses, the training environment suppresses the information that safe development requires. 
Instructor behaviour, debriefing quality, and organisational tolerance for uncertainty are design 
variables, not background noise. This layer interacts downward with operational context, where 
organisational norms shape how tasks are interpreted and managed, and upward with values and 
dispositions, where broader cultural beliefs about authority, risk, and professionalism influence how 
sociocultural norms are enacted. 
 
Values and Dispositions 
The values and dispositions layer addresses the beliefs, attitudes, and orientations that pilots and 
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instructors bring to training and flight. These include beliefs about risk and acceptable margins, 
attitudes toward authority and hierarchy, orientations toward learning and feedback, and 
conceptions of what it means to be a competent pilot. Unlike sociocultural norms, which operate at 
the organisational level, values and dispositions are internalised and shape how individuals interpret 
and respond to the systems around them. 
 
Hofstede's work on cultural dimensions has been applied in aviation to explain how national and 
professional cultures influence cockpit behaviour, particularly in relation to power distance and 
uncertainty avoidance (Helmreich & Merritt, 1998). Pilots from cultures with high power distance 
may be less likely to challenge captain decisions; those with low tolerance for uncertainty may over-
rely on procedures when adaptive judgment is required. These dispositions interact with training in 
both directions. Training can shape values over time, but pre-existing values filter what learners 
accept, resist, or reinterpret. 
 
For EDMA, this layer matters because it explains variation that cannot be accounted for by skill or 
knowledge alone. Two pilots with equivalent training and identical operational contexts may 
perform differently because their underlying orientations toward risk, learning, or authority differ. 
Instructor values also shape training quality. An instructor who believes competence means 
procedural compliance will design different learning experiences than one who values adaptive 
judgment. This layer interacts downward with sociocultural systems, which reinforce or challenge 
individual values, and upward with time and technology, which shape the broader context within 
which values are formed and sustained. 
 
 
Time and Technology 
The outermost layer of EDMA contains two subsystems that act across all inner layers: time and 
technology. Both function as pervasive constraints and affordances rather than as localised 
variables. They are grouped together because each operates at a systemic level, shaping the 
conditions under which perception, cognition, context, culture, and values develop and interact. 
Time addresses the temporal dimension of learning. Skill acquisition is not instantaneous, and 
demonstrated competence at one point does not guarantee retention. Research on training and 
retention consistently shows that perishable skills, including those critical to safety such as slow 
flight and upset recognition, decay without revisitation (Boyd & Scharf, 2025; Healy et al., 2014). 
Spacing, sequencing, and planned revisitation are design variables, not afterthoughts. Evidence-
Based Training recognises this by using operational data over time to shape recurrent training 
content (ICAO Doc 9995). EDMA extends the principle into ab initio training, where retention 
planning is largely absent. 
 
Technology addresses the system-wide influence of avionics, automation, simulation fidelity, and 
training delivery platforms. Hutchins (1995) showed that a cockpit remembers and computes its 
speeds as a distributed system, with the relevant information held across instruments, speed 
references, and crew rather than in any one pilot's memory. Vicente and Rasmussen (1992) provided 
an ecological foundation for this view by showing that interface design determines whether the 
structure of a domain is directly perceivable and actionable, making technology a mediator of 
affordances and constraints rather than a neutral channel. Billings (1996) extended the argument 
across aviation more broadly, showing that automation, display logic, feedback, and system opacity 
reshape attention, coordination, understanding, and failure pathways throughout the aviation 
system. 
 
Technology is given explicit standing in EDMA because its rate of change and pervasive influence 
distinguish it from other contextual factors. A glass cockpit presents different perceptual demands 
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than analogue instruments. Simulator-based training offers different kinaesthetic feedback than in-
aircraft practice. These technological conditions affect every inner layer: what pilots perceive, how 
cognitive load is distributed, what operational contexts can be represented, and how sociocultural 
norms around technology use develop. Treating technology as implicit within other layers risks 
underestimating its influence on training design and transfer. Together, time and technology form 
the boundary conditions of the EDMA model. They do not govern moment-to-moment performance 
directly, but they shape the trajectory of learning and the affordances available across all other 
layers. 
 

EDMA in Practice 
 
The previous section explained the theoretical basis for each layer of EDMA. This section translates 
that structure into practical guidance for training design. The table below maps each layer to three 
questions: what training issue does this layer raise, why does that issue matter for learning and 
safety, and how does it connect to Stowell's Nine Principles of Light Airplane Flying? EDMA does not 
rely on the Nine Principles, but they offer a coherent framework for mapping flying skills and 
dispositions that aligns well with the model and has a shared philosophy of ‘elegant simplicity’.  
 
The table is intended as a design tool. Curriculum developers, instructors, and training managers can 
use it to audit whether a proposed lesson, syllabus, or assessment addresses each layer or neglects 
critical dimensions. A training design that attends only to perceptual and operational layers, for 
example, may produce pilots who perform well in familiar conditions but lack the cognitive-affective 
resilience or cultural grounding to manage surprise, disclose uncertainty, or maintain skill over time. 
 

EDMA element Training question Why it matters Stowell’s 9 Principles 

Perceptual systems What information is the 
learner picking up? 

Safe control depends on 
noticing usable cues, not 
just recalling rules (Gibson, 
1979; Lintern, 1995b) 

Motion Principles (Roll, 
Yaw, Pitch). Skill emerges 
as pilots become attuned 
to horizon movement, seat 
pressure, and control 
feedback 

Cognitive–affective systems How is the learner 
processing demand, 
confidence, memory, and 
emotion? 

Overload, startle, and poor 
attention control degrade 
performance and retention 
(Healy et al., 2014; Kinney 
& O’Hare, 2020; Landman 
et al., 2017a) 

Mindset Principles (Fly the 
Airplane). Managing mental 
workload and maintaining 
situational awareness 
during flight 

Operational context What kind of task 
environment is being 
created? 

Practice design determines 
whether learning transfers 
beyond the lesson (Lintern 
et al., 2024; Pinder et al., 
2011) 

Mechanical Principles 
(Stalled Flight, Energy 
Management). These 
represent the physical 
constraints that shape a 
pilot's available actions 

Sociocultural and 
organisational systems 

What local training culture 
is being modelled? 

Safety and learning depend 
on trust, reporting, 
reflection, and instructor 
norms (Dekker & 
Lundstrom, 2006; Gao & 
Rajendran, 2017) 

Mindset Principles (Risk 
Management, Optimal 
Learning).  

Cultural values and beliefs What deeper assumptions 
define success, authority, 
and legitimacy? 

Training models shape 
what counts as skill and 
whose voice matters 
(Hattingh et al., 2022; 
Hodge et al., 2020) 

Mindset Principles. These 
reflect the instructional 
philosophy and safety 
culture of the training 
environment 
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Time How is learning developing, 
fading, and returning 
across time? 

Acquisition, retention, and 
transfer are not the same 
outcome (Boyd & Scharf, 
2025; Healy et al., 2014) 

Applies to all principles. 
Skill in any principle decays 
without revisitation; 
retention planning 
determines whether 
trained responses remain 
available when needed 

Technology (same 
layer/subsystem as time) 

How do avionics, 
automation, and simulation 
shape what the learner 
perceives and can do? 

Interface design mediates 
affordances; technological 
change affects all inner 
layers (Billings, 1996; 
Hutchins, 1995; Vicente & 
Rasmussen, 1992) 

Applies across all 
principles. Technology 
shapes how mechanical 
and motion cues are 
displayed and how mindset 
demands are distributed 
between pilot and system 
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How EDMA Strengthens Competency-Based or Procedural Models 
 
Competency-based and procedural models remain useful regulatory and assessment tools. They 
help define expectations, communicate standards, and structure parts of training. These strengths 
matter, but they do not by themselves provide a unified theory of how learning occurs in high-
stakes, dynamic, perceptual-motor domains such as flight. Competency frameworks specify 
outcomes. Procedural frameworks specify sequences of action. Neither fully explains the learning 
architecture that connects perception, context, variability, retention, culture, and technology into a 
coherent instructional design. A further difficulty arises when these models are interpreted narrowly 
or applied without enough theoretical grounding, leaving instructors to bridge the gap between 
standards and learning through personal habit rather than system design. Related evidence-based 
approaches respond to some of these limitations, but they still require a broader account of how 
learning is shaped across the whole training system. The following sections examine how these 
issues arise in competency-based and procedural training, and how EDMA addresses them. 
 
Competency-based training can become reductionist, theoretically thin, difficult for instructors to 
interpret consistently, and poorly matched to novice development when it is treated as a complete 
educational philosophy rather than as a framework for specifying outcomes (Franks et al., 2014; 
Hattingh et al., 2022; Kearns et al., 2016). The problem is not the competency model itself. The 
problem is the absence of a learning theory to guide its application. Educational concepts such as the 
principles of motor learning, cognitive load theory, and the levels of learning are often taught 
through Principles and Methods of Instruction courses, but they are typically presented as 
standalone topics rather than as parts of a coherent instructional framework. Research on flight 
instructor practice shows that many instructors struggle to translate competency statements into 
meaningful instructional decisions, defaulting instead to demonstration, practice, and correction 
cycles that do not address perceptual attunement or adaptive judgment (Hattingh et al., 2022). 
Without a roadmap connecting learning theory to competency standards, instructors are left to 
improvise the relationship themselves. Some do this well. Many do not. The result is inconsistent 
training quality that depends more on individual instructor capability than on system design (Franks 
et al., 2014; Kearns et al., 2016). EDMA provides the missing architecture by showing how 
perception, cognition, context, culture, technology, and time interact, and how competency 
standards fit within that system. 
 
Procedural training carries a similar risk when it is treated not as one instructional tool, but as a 
sufficient account of how learning occurs in flight. The problem is not procedures themselves. The 
problem is the absence of a learning architecture that explains how procedures are perceived, 
selected, adapted, and retained under changing conditions. Research on flight operations shows that 
procedure-based training often simplifies the complexity, concurrency, and uncertainty of real work, 
leaving pilots underprepared for situations in which diagnosis, cue use, and coordination matter as 
much as recall (Loukopoulos et al., 2016). Studies of surprise and upset recovery extend this point: 
pilots may know the correct procedure in principle yet still fail when they misread aircraft state, 
fixate on the wrong frame, or cannot reframe quickly enough under pressure (Landman et al., 
2017a; Priest, 2014). Experimental evidence further shows that highly predictable procedural 
rehearsal produces weaker understanding and poorer transfer to novel events than training built 
around variability and unpredictability (Landman et al., 2018). Without a framework connecting 
procedures to perception, context, variability, and adaptive judgment, instructors are left teaching 
sequences of action without a clear account of how those sequences become usable in real flight. 
EDMA provides that missing structure. It locates procedures within a broader system of perceptual 
attunement, cognitive framing, operational context, culture, technology, and time. 
 
The claim, then, is not that EDMA should replace standards, procedures, or competencies. Rather, 
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these should be nested within EDMA. Standards identify important outcomes. Procedures provide 
tools for recurrent situations. Competencies support assessment and help define the capabilities 
training should develop. What they do not do, on their own, is explain how those capabilities are 
formed, stabilised, retained, and adapted under changing conditions. EDMA fills that gap. By locating 
performance within an interacting system of perception, cognition, context, culture, technology, and 
time, it shows how standards, procedures, and competencies can be integrated into a training 
design that is more durable, more transferable, and better aligned with the realities of safe flight. 
 
 
Dimensions of Training With and Without EDMA as a Lens 

 

  

Dimension Competency Frameworks without an 
integrated learning theory 

EDMA 

Main learning logic Decompose, standardise, and verify 
visible outcomes 

Shape the learner–environment 
system to support attunement, 
control, and adaptation (Davids et al., 
2012; Lintern et al., 2024) 

Treatment of context Often secondary to task completion Central to how skill forms and 
transfers (Lintern, 1995a; Pinder et 
al., 2011) 

Treatment of surprise Usually addressed after routine 
proficiency 

Built into practice through variability 
and representative challenge 
(Landman et al., 2018) 

Treatment of retention Often assumed once performance is 
demonstrated 

Explicit concern across lesson spacing 
and practice history (Boyd & Scharf, 
2025; Healy et al., 2014) 

Treatment of culture Implicit Recognized as part of the learning 
and safety system (Dekker & 
Lundstrom, 2006; Gao & Rajendran, 
2017) 
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Existing Models That Embody EDMA's Principles 
 
Aviation has already adopted or tested practices consistent with the mechanisms EDMA integrates. 
While this does not validate the full nested EDMA construct, it indicates that the underlying 
principles are embedded in professional practice. 
 
Threat and Error Management 
Threat and Error Management (TEM) is now embedded in pilot training syllabi globally, mandated by 
ICAO and required by CASA as an assessment item for flight tests (ICAO, 2016; Gao & Rajendran, 
2017). TEM’s foundational insight was that human performance cannot be studied outside the 
operational context in which it occurs (Maurino, 2005). That insight maps directly onto EDMA’s 
operational context and sociocultural layers. Yet TEM was developed for airline flight decks and its 
implementation in general aviation has been uneven. Research on CASA's TEM rollout found that a 
poorly supported implementation left even highly experienced flight examiners without consistent 
guidance on how to teach and assess it, undermining its practical value in general aviation (Lee et al., 
2024). EDMA provides the broader learning architecture within which TEM principles can be taught 
more effectively to GA students. 
 
Upset Prevention and Recovery Training (UPRT) 
Upset Prevention and Recovery Training (UPRT) exemplifies EDMA's perceptual and cognitive-
affective layers in practice. UPRT depends on pilots recognising unusual attitudes through 
kinaesthetic and visual cues and executing responses that are often counterintuitive. Research on 
startle and surprise confirms that pilots trained in predictable environments struggle when 
confronted with unexpected upsets, even when they know the correct recovery procedure 
(Landman et al., 2018). UPRT programs that incorporate variability and unpredictable scenario 
presentation produce better outcomes than those built around scripted repetition. This is exactly 
the design principle EDMA prescribes. 
 
Scenario-Based Training (SBT) 
Scenario-Based Training (SBT), endorsed by the FAA through its FITS program, puts EDMA's 
operational context layer into practice. Studies comparing scenario-based syllabi with traditional 
manoeuvre-based approaches found that SBT students demonstrated better GPS proficiency and 
decision-making in realistic flight situations (Dornan et al., 2007; Craig et al., 2005). SBT works 
precisely because it preserves the representative task demands of real flying rather than isolating 
skills from their context. EDMA explains why SBT works: it maintains the perception-action couplings 
that define actual performance. 
 
Crew Resource Management (CRM) 
Crew Resource Management (CRM), the most widely validated human factors intervention in 
aviation history, maps directly onto EDMA’s sociocultural and organisational layers. CRM research 
demonstrates that safety depends not only on individual skill but on communication norms, team 
coordination, and the willingness to speak up (Bennett, 2018; Bergström et al., 2011). EDMA extends 
this into the training environment itself, treating instructor behaviour, debriefing culture, and 
openness to uncertainty as conditions that shape learning quality and safety outcomes. 
 
Aeronautical Decision Making (ADM) 
Aeronautical Decision Making (ADM) models such as the DECIDE model and the FAA's 3P framework 
(Perceive, Process, Perform) operate within EDMA's cognitive-affective layer. These models 
acknowledge that safe flight depends on judgment under uncertainty, not just procedural recall. 
EDMA strengthens ADM by anchoring it in perceptual learning: a pilot cannot process or perform 



 

© Flight Envelope 2026 18    Version 1.0 Rev 4 
 

well if they have not first learned to perceive the relevant information in the environment. 
 
Evidence-Based Training (EBT) 
Evidence-Based Training (EBT), as described in ICAO Doc 9995, reflects EDMA's time dimension by 
using operational data collected over time to shape recurrent training content. EBT recognises that 
training must respond to evolving threats and that demonstrated competence at one point does not 
guarantee durable performance. EDMA makes this dimension explicit and extends it into ab initio 
and general aviation training, where it is largely absent. 
 
Each of these programs addresses one or two layers of the system that shapes pilot learning and 
performance. None integrates them all. EDMA is not proposing untested ideas. It is proposing the 
integration of separately validated principles into a single, coherent model for educational design. 
The nested structure is what is new. The components within it are already proven. 
 

 
  

Figure 3: Overlaying existing mechanisms with EDMA 
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Comparison of EDMA with existing aviation training paradigms 
 

Paradigm Primary focus Theoretical 
foundation 

What it addresses 
well 

What it 
underrepresents 

What EDMA adds 

Traditional 
syllabus-based 
training 

Sequenced 
manoeuvre 
proficiency 

Behaviourist 
repetition and 
demonstration 

Procedural 
consistency, 
check ride 
readiness 

Transfer, 
variability, 
retention, context 

Embeds procedures 
within perception-
action coupling and 
representative 
practice 

Competency-
based training 
(CBT) 

Observable 
performance 
outcomes 

Criterion-
referenced 
assessment 

Standardised 
benchmarks, 
outcome clarity 

Novice 
development, 
instructor 
interpretation, 
learning theory 

Provides the 
learning 
architecture that 
explains how 
competencies 
become durable 
and transferable 

Scenario-based 
training (SBT) 

Decision-making 
in realistic 
contexts 

Situated cognition, 
representative task 
design 

Contextual 
judgment, 
transfer to real 
operations 

Perceptual 
attunement, 
retention 
planning, 
emotional 
regulation 

Integrates SBT's 
strengths within a 
broader nested 
model that 
addresses all layers 

Threat and Error 
Management 
(TEM) 

Anticipating and 
managing 
operational 
threats 

Human factors, 
system safety 

Crew 
coordination, 
error trapping, 
threat awareness 

Individual 
perceptual 
learning, 
variability of 
practice, skill 
retention 

Provides the 
educational 
foundation for 
teaching TEM 
principles to ab 
initio students 

Upset Prevention 
and Recovery 
Training (UPRT) 

Recognition and 
recovery from 
unusual attitudes 

Perceptual-motor 
learning, startle 
research 

Kinaesthetic 
awareness, 
counterintuitive 
responses 

Broader 
cognitive-
affective and 
sociocultural 
layers 

Positions UPRT 
within the full 
learning system, 
linking perceptual 
training to context 
and culture 

Evidence-Based 
Training (EBT) 

Data-driven 
recurrent 
training content 

Operational data 
analysis, 
competency 
frameworks 

Evolving threat 
response, 
recurrent 
relevance 

Ab initio 
application, 
perceptual 
learning, 
variability design 

Extends the time 
dimension into 
initial training and 
integrates it with 
other layers 

Notes: CBT limitations are discussed in Franks et al. (2014), Hattingh et al. (2022), and Kearns et al. (2016). SBT research is 
drawn from Dornan et al. (2007) and Craig et al. (2005). TEM implementation findings are from Lee et al. (2024). UPRT and 
startle research is from Landman et al. (2017a, 2017b, 2018). EBT is described in ICAO Doc 9995.  
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The Safety Argument for EDMA 
 
The practical value of EDMA is clearest when viewed through a safety lens. Loss of control in general 
aviation is shaped by interacting factors that include cue misinterpretation, unstable flight path 
management, startle, poor judgment, insufficient recognition of aircraft state, and weak transfer 
from training to live conditions (Majumdar et al., 2021; Roggow, 2025; Smith & Bromfield, 2022). 
Upset prevention and recovery research similarly indicates that effective training depends on 
situational awareness, alternate control strategies, and realistic preparation for events that do not 
unfold as expected (Advani et al., 2016; Jacobson, 2010; Priest, 2014).  
 
Human error research consistently identifies skill-based errors as the dominant category in general 
aviation accidents. Wiegmann and Shappell’s fine-grained HFACS analysis of GA accident data found 
that skill-based errors were the most prevalent form of aircrew error, exceeding both decision errors 
and violations (Wiegmann et al., 2005). Analysis of NTSB records attributes pilot-related factors in 
roughly three-quarters of GA loss of control accidents, but those records carry little detail on the 
human factors involved (Majumdar & Marais, 2025). A survey of pilots' own loss of control 
experiences fills that gap. Across 166 reported events, skill-based and decision errors were the 
dominant error type, present in 80% of cases (Majumdar & Marais, 2025). These are not failures of 
knowledge. They are failures of perception, timing, and action under dynamic conditions. EDMA’s 
focus on perception-action coupling addresses this directly by training pilots to detect and respond 
to the cues that govern flight, including the counterintuitive responses required during upset 
recovery such as pushing during a nose-low event to override the instinctive urge to pull (Stowell, 
2026). EDMA aligns further with those needs in a direct way: 
 

• Perceptual systems support early recognition of energy, attitude, trajectory, and changing 
environmental relations (Endsley & Garland, 2000; Lintern, 1995b; Muehlethaler & Knecht, 
2016) 

• Cognitive and affective systems address overload, attention narrowing, confidence 
regulation, and emotional disruption under unexpected demand (Aslan, 2014; Kinney & 
O’Hare, 2020; Landman et al., 2017b) 

• Operational context supports representative practice in variable conditions rather than over 
learning of a single scripted case (Dornan et al., 2007; French et al., 2007; Landman et al., 
2018) 

• Sociocultural systems support debriefing, reporting, and reflection as normal parts of safe 
development (Dekker & Lundstrom, 2006; Gao & Rajendran, 2017) 

• Time supports retention planning for perishable skills that cannot be secured in a single 
block of instruction (Boyd & Scharf, 2025; Healy et al., 2014) 

 
This layered approach is already visible in current practice. Mismanagement of an aircraft's energy 
state, its altitude and airspeed, is a contributing factor in three categories of fatal accident: loss of 
control in flight, approach and landing accidents, and controlled flight into terrain (Merkt et al., 
2024). Recognising this, the FAA has incorporated energy management into the Airman Certification 
Standards, requiring that pilots from private through air transport level be taught to manage the 
aircraft's energy state (Merkt et al., 2024). In response, Merkt, Amelink and Sizoo (2024) developed 
energy safety management, a model that structures instruction around the knowledge, rules, and 
skills a pilot needs rather than reducing energy to pitch plus power. It is built directly on Rasmussen's 
(1983) skills, rules, and knowledge framework, the same model embedded in EDMA's perceptual and 
cognitive-affective layers. Because skill-based and decision errors dominate the accident record, a 
training model that deliberately develops control at each of these levels addresses the failures that 
matter most. Energy safety management shows what that looks like when applied to a single high-
consequence domain. This makes EDMA a safety-focused model of educational design, not just one 
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that is compatible with safety goals. 
 

Design Implications for a General Aviation Educational Framework 
 
EDMA is a theoretical model. To be useful, it must translate into practical guidance that trainers, 
curriculum designers, and training organisations can apply. This section draws out the design 
principles that follow from EDMA's structure and evidence base, then considers how those principles 
would change practice across four areas of curriculum, instruction, assessment, and organisational 
culture. The following principles are derived from the six layers of EDMA and the research 
underpinning each layer. They represent the kinds of instructional conditions likely to produce 
durable, transferable, and safe pilot performance. 
 

• Train perception before over explanation. Build lessons around the cues and relations that 
govern aircraft control, especially in approach, landing, energy management, and upset 
recognition (Huet et al., 2011; Lintern, 1995b). 

• Use representative tasks early. Preserve the information and action demands of real flying 
rather than delaying context until after isolated skill drills (Lintern, 1995a; Pinder et al., 
2011). 

• Apply Elegant Conciseness to Procedures. To override the 'instinct to pull' and the effects of 
'brain stall' during startle events, complex recovery actions must be distilled into simple, 
actionable cues (Stowell, 2026). 

• Design variability, not noise. Change conditions, sequence, and constraints in ways that 
educate attention and improve transfer (Huet et al., 2011; Landman et al., 2018). 

• Treat procedures as tools within sensemaking. Train when and why a procedure fits, not 
only the sequence itself (Landman et al., 2017a; Loukopoulos et al., 2016). 

• Scaffold cognitive load and emotion. Manage attention, confidence, and arousal so that 
challenge grows without overwhelming the learner (Huet et al., 2009; Kinney & O’Hare, 
2020). 

• Use debriefing to strengthen reframing. Reflection should help students notice what 
information they used, missed, or misread (Bennett, 2018; Landman et al., 2017a). 

• Build a speak up culture. Questions, uncertainty, and near misses should be normal material 
for learning rather than threats to status (Dekker & Lundstrom, 2006; Gao & Rajendran, 
2017). 

• Plan for retention. Revisit slow flight, upset precursors, and other perishable skills across 
time rather than assuming one lesson establishes durable competence (Boyd & Scharf, 2025; 
Healy et al., 2014). 

 
Implications for Curriculum 
Curricula should be organised around representative flying problems, cue rich tasks, and increasing 
variability rather than around isolated manoeuvre mastery alone. This does not remove manoeuvre 
training. It changes its place in the sequence. Manoeuvres become means for shaping control and 
perception within broader performance tasks. 
 
Implications for Instruction 
Instructors should be prepared not only to demonstrate and correct, but to shape the learner’s 
perceptual field, manage workload, tune task difficulty, use modelling strategically, and design 
reflection that improves attention and reframing. The instructor’s role becomes one of environment 
design as much as explanation. 
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Implications for Assessment 
Assessment should still include standards and procedural checks, but it should expand to include 
performance under changing conditions, cue use, stability of judgment across contexts, and 
evidence of retention over time. Demonstrated performance in one familiar format should not be 
taken as sufficient proof of durable skill. 
 
Implications for Organisational Practice 
Flight schools and training organisations should treat safety culture, communication climate, and 
space for uncertainty as part of the training system rather than as separate human factors issues. If 
learners cannot question, disclose confusion, or discuss near misses, the training environment will 
suppress information that is central to safe development. 
 

Conclusion 
 
General aviation training needs a stronger educational architecture than narrow procedural 
repetition or competency statements can provide on their own. Safe flight performance emerges 
through the interaction of perception, action, workload, emotion, context, culture, and time, and 
training systems that overlook those interactions will continue to produce brittle learning, weak 
transfer, and avoidable safety gaps (Landman et al., 2018; Lintern, 1995a; Roggow, 2025). By 
grounding instruction in perception-action coupling and representative practice, EDMA moves 
training away from a system organised around the convenience of the designer and toward one 
organised around the learner, in which the development of autonomy, mastery, and purpose 
becomes a central concern of training design. 
 
The purpose of the framework is educational. EDMA exists to improve how flying is taught, by giving 
instructors a coherent account of how learning develops and a structure within which the 
established tools of training can be understood and applied. An instructor working within the model 
is supported by its design to develop perceptual attunement and adaptive judgement in students, 
and is relieved of the need to connect standards to learning through personal experience alone. In 
this respect EDMA offers a coherent response to the problems aviation is facing. It is grounded in 
ecological psychology, supported by aviation research on perceptual learning and situated 
instruction, and reinforced by evidence on cognitive load, variability, surprise, retention, and safety 
culture (Aslan, 2014; Gibson, 1979; Healy et al., 2014; Huet et al., 2011; Landman et al., 2017a; 
Lintern, 1995b). For general aviation and light aircraft training, it provides a sound basis for a new 
educational framework that is better aligned with how pilots actually learn and with what aviation 
safety requires. 
 
The same shift is being argued in other high-consequence domains. Caso (2026) makes a closely 
parallel case for astronaut training, contending that procedural, representationalist preparation 
underprepares operators for novel and degraded conditions, and that perception-action coupling, 
representative design, and constraint variability offer a stronger foundation. That a domain as 
remote from light aircraft as spaceflight is reaching the same conclusion suggests these are general 
principles for training adaptive skill under uncertainty, and not features peculiar to one kind of 
flying. 
 
It should be acknowledged that EDMA has not yet been tested as a complete model through 
controlled empirical study. That limitation is shared by every educational model at the point of 
proposal, including competency-based training when it was first introduced. The individual principles 
within EDMA have strong empirical support from aviation, motor learning, ecological psychology, 
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and safety science, and the contribution of this whitepaper is their integration into a single nested 
model purpose-built for general aviation training. The next stage of development should be the 
structured application of EDMA in a training environment, with pre and post measures of skill 
retention, transfer, and safety-relevant performance. 
 
Call to Action 
Flight Envelope welcomes engagement from training providers, regulatory bodies, and researchers 
interested in applying or evaluating EDMA. Opportunities exist for collaboration in piloting EDMA-
aligned training designs, developing instructor preparation materials, contributing to the empirical 
evidence base, or advising on regulatory integration. To support open use and adaptation, EDMA is 
released under a Creative Commons Attribution licence (CC BY 4.0), so the model can be freely used, 
adapted, and built upon with appropriate attribution. Enquiries can be directed to Flight Envelope 
via flightenvelope.com.au. 
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