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Abstract 

Title: Angle of Attack Visualization: A Proposal for a Tangible Interactive In-Flight Loss of 

Control Recovery System 

Author: Nicholas Kasdaglis 

Advisor: Guy Boy, Ph.D. 

The Trajectory Recovery System (TRS) is a proposed system that will help a pilot quickly restore 

the aircraft to controlled flight. In-flight Loss of Control (I-LOC) is the leading cause of aviation 

fatalities. While attempts to address this threat have mainly focused upon prevention and 

avoidance, there has been little offered for recovery from an I-LOC event. The work presented 

herein addresses this gap. Offered here will be a Human- Centered Design (HCD) solution to the 

problem of I-LOC. The TRS is a real-world application arising from robust multi-agent models of 

human-automation teaming. The use of such models transforms cognitive science into an 

engineering and design practice—cognitive systems engineering.  

TRS provides a pilot with an adaptive primary flight display that removes information 

unnecessary for an I-LOC recovery. The HCD process of each prototype is documented in this 

volume as well as the evaluation of the tool. TRS was shown to improve objective pilot 

performance and situational understanding while attaining exceptional reported usability scores. 

Mental, frustration, and effort categories of workload were decreased. Although existing 

regulatory certification constraints preclude the operational use of cognitive countermeasures, this 

proposed system suggest that there exist opportunities to employ cognitive engineering in design 

in order to capture a pilot’s attention and elicit appropriate action. 
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Part 1: Foundations of Research 
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Seeking a Solution in Human-Centered 

Design 

The problem of In-Flight Loss of Control (I-LOC) is introduced to the reader as well as 

the intent of this work—to develop a system by which a pilot can be aided in the recovery from such 

an event. The basic concept of the Trajectory Recovery System (TRS) will be described. 

 This chapter will help the reader understand the foundations of Human-Centered Design 

(HCD) and its application to the development of a tool to aid a pilot and recovery from an I-LOC 

event. In the forthcoming pages, the reader will be offered a conceptualization of HCD that is 

structured around the design of the system from purpose to means rather than means to purpose. 

Rationalization for the use of HCD is included in this discussion. Specifically, the use of 

robust means to understand human activity in concert with other people, technological artifacts, 

organizational entities suggest a multi-agent cognitive engineering approach be employed. 
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TRS and Human-Centered Design  

It is my intent to make a significant contribution to the discipline of HCD and Aviation by 

designing a conceptual system offering the means by which a pilot can be provided appropriately 

mediated technological assistance recovery from an In-Flight Loss of Control (I-LOC) event. This 

proposed system will provide command guidance in the form of a visual display, which will guide 

a pilot through recovery actions for a) appropriate control column/stick input for reduction of Angle 

of Attack (AOA), b) adjustment of power effectors to an appropriate setting, and c) optimized flight 

path guidance away from terrain. The guiding principles of this work will be creating the system 

architecture for collaborative human-automation teaming. The method towards the creation of this 

new tool is HCD. Therefore, a preliminary broad discussion of this approach is warranted.  

Over the last 20 years HCD academic articulations and industry practice developed incrementally 

(Billings, 1991; Boy, 1998, 2012, 2014). Relevant examples in industry are Honeywell’s User Experience 

(Honeywell, 2016) key process initiative towards understanding and adding value to their products and 

services (as well as Human-Centered Cockpit Design in their Primus Epic integrated avionics systems 

(Honeywell, 2006).  

HCD has been envisioned as a method or process to aid in design (HPOD, 2009). A 

characterization of HCD may conjure the idea of User-Centered Design (UCD)—making it difficult 

to determine HCD and UCD areas if interest is the same or simply overlapping (Kasdaglis & 

Stowers, 2016). This has led to a critique of HCD—it has been suggested that HCD may actually 

be harmful due to what he believes is a focus upon user needs in a task to the exclusion of the larger 

activity (Norman, 2005). Norman’s implication appears to suggest that HCD is simply a process to 

aid in creating a system that is suited to human needs, by use of personas, scenarios, and design. 

Therefore, he has suggested there should be a focus on activity. Thus he favors the concept of 
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Activity Centered Design (ACD)—a concept that has already been clearly articulated as a tenet of 

HCD (Boy, 1998b).   

The International Organization for Standardization (via ISO 9241-210:2010) defines HCD 

as “an approach to systems design and development that aims to make interactive systems more 

usable by focusing on the use of the system and applying human factors/ergonomics and usability 

knowledge and techniques.” This general definition errs in that it suggests usability is the singular 

goal (or at least foremost) of HCD. Additionally, the primary tools for the accomplishment of this 

purpose, based upon this definition, is that human factors and usability techniques are enlisted. Both 

industry and academia (Boy 2013a, 1998b, 2011b; Honeywell, 2006) acknowledge that HCD is 

concerned with safety, efficiency, and comfort of a system; and that the methods of analysis and 

design complement traditional human factors and usability practices. Moreover, Boy asserts that a 

systemic view that does not neglect, but transcends a singular focus on the user, is required.  

At the center of HCD is a focus upon—and the articulation of—the purpose of the system, 

the subjection of means (technology) to the fulfillment of a system’s purpose, and an analysis of the 

activity of task in context as it is influenced by organizational, technological, and situational 

constraints. This presupposes that design is iteratively conducted through observation of real activity 

(as opposed to prescribed tasks), in concert with real users and organizations, in the real use context 

(e.g. modeling), and with real artifacts (e.g. simulations). Thus, HCD could actually be described a 

human-centric, while appropriately having concomitant user-centric, context-centric, artifact-

centric, organization-centric, and activity-centric aims (figure 1). Yet there exists more to HCD. 

These areas inherently suggest that deep domain knowledge is elicited and utilized in design 

practices: conceptualization, requirements analysis, architecture design, testing, and deployment. 

Thus, HCD’s greatest contribution is made to innovation in its formative rather than summative 

affect. Finally, HCD requires that system elements, agents, and artifacts be structured for dynamic 

interactions in an environment to meet ant-entropic ends. This requires an articulation and 

structuring of how these elements hold, process, and act upon information collaboratively to 
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accomplish requisite functions of the system that contribute to the fulfillment of a systems purpose. 

Formally, this practice is known as cognitive systems engineering.  

 

FIGURE 1: THE MULTIPLE FACETS OF FOCUS INVOLVED IN HUMAN-CENTERED DESIGN. 

The HCD Design of the TRS has sought to capture the multi-faceted focus of HCD, the requisite 

deep domain aviation knowledge, and the requirements for engineering a cognitive system. Thus, to frame 

the work that will be set out in the following pages, it should be acknowledged that—as a pilot for over 20 

years—I have merged my operational aviation knowledge and experience with my applied ergonomics 

training and a comprehensive cognitive systems engineering approach to yield a well-informed design 

concept. The work that is outlined here has had its seminal development in expert intuition, and subsequently 

grew organically in the rich and sound soil of the established science of applied psychology and cognitive 

systems engineering. A more thorough description of HCD is included in Appendix A of this volume.   
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Outline of the Work 

The TRS HCD research paradigm, based upon a standard practice in most design 

organizations, is composed of four nodes organized around “activity”: understanding; development; 

prototyping; evaluation and analysis. This paradigm is what enabled the gap between the abstract 

and tangible to be closed. Furthermore, the TRS project leveraged these four HCD-based nodes to 

make possible the synthesis of tangibility, creativity and context in order to produce a feasible, 

viable, and usable solution to the problem of I-LOC.  

TRS is a safety-critical system that seeks to address the problem of in-flight loss of control. 

To find a solution to the problem of I-LOC, an examination of the seminal elements involved in I-

LOC are examined in chapter 2. In addition to a review of the literature, an examination and 

synthesis of the I-LOC problem is articulated. Chapter 3 considers the state of the art involved in I-

LOC prevention and recovery. In addition to examination of the technological state of the art. Pilot’s 

attitudes, skills, and attitudes toward I-LOC were surveyed, analyzed, and synthesized. Chapter 4 

outlines high-level system requirements that emerged from filtering the data represented in chapters 

2 and 3 through the theoretical foundation of cognitive systems engineering. Chapter 5 describes 

the TRS system, from conceptual design to operational prototype. Chapter 6 describes the evaluation 

of the TRS prototype with expert pilots in a 737 simulator; where chapter 7 offers the results of this 

evaluation. Chapter 8 will discuss these results and offer a prospectus for future work.  
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Chapter 2: Defining the Problem 

This chapter describes the persistent occurrence of I-LOC events and offers to the reader 

data by which to understand the seminal elements involved. One conclusion reached from this 

discussion is that a special category of I-LOC must be defined. Statistical data regarding I-LOC 

events indicate that a stall is most often involved. Thus, this chapter examines the characteristics of 

an aircraft stall from a theoretical and functional perspective. In the following pages, the reader 

will find a discussion on energy management of an aircraft system, lift control utilizing effectors 

available to the pilot, and the concomitant nature of energy management and stall recovery. In 

order to examine design options for mitigation of I-LOC involving a stall, a discussion on context 

introduces the need for a formal method of analysis of past I-LOC events. A cognitive function 

analysis is reported in this chapter. Results suggest that the design of a tool that supports pilots 

operating upon their knowledge and skills are advantageous to a proposed recovery system. 

Therefore, an artifact that is designed to support a pilot in the recovery of an ILOC event should 

support appropriately based cognitive functions. 
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Over 1600 lives have been lost to I-LOC 2003-2012 (Boeing Commercial Airplanes, 

2011). According to Boeing’s statistical summary of aircraft accident data, I-LOC has consistently 

accounted for approximately 40% of aviation accident fatalities (figure 2).  

 

FIGURE 2 :AVIATION FATALITIES BY CAST/ICAO COMMON TAXONOMY TEAM 

(CICTT) AVIATION OCCURRENCE CATEGORIES 2003-2012, 2004-2013, & 2005-2014. ADAPTED 

FROM STATISTICAL SUMMARY OF COMMERCIAL JET AIRPLANE ACCIDENTS, WORLDWIDE 

OPERATIONS. 1959-2012/1959-2013/1959-2014, BOEING AIRCRAFT COMPANY, SEATTLE, WA 

(2013/2014/2015). LOSS OF CONTROL BY ACCIDENT CATEGORY. 

I-LOC events total more than Controlled Flight into Terrain events (CFIT). Yet this has 

not always been the case. CFIT events at one time rivaled I-LOC events; they were occurring at a 

rate of two per year within the U.S. (Breen, 1999). For example, from 1991 to 2000, I-LOC and 

CFIT had nearly the same number of fatalities (Boeing Commercial Airplanes, 2001). However, 

with technological advances in CFIT avoidance, no scheduled commercial operator has suffered a 

fatal CFIT accident in US airspace since 1974 (Sabatini, 2006). It seems that while technological 

intervention has yielded positive results in the realm of CFIT, effective technological intervention 

to I-LOC has yet to be developed and employed. General aviation, which includes aircraft varieties 
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that span two-seat, single engine pistons to 100,000lb max gross weight, twin engine business jets, 

is also plagued by the same deadly nemeses of I-LOC (Fazio, 2012).                                 

Clumsy Automation  

Although CFIT accidents still occur, significant incremental improvements have been 

made through technology, namely the introduction of GPWS in the early 70s and in recent times, 

EGPWS (Breen, 1999). It is apparent that the problem of CFIT may not be as readily solved solely 

with the application of technology. Likely, the reason for this is that automation, the chief expression 

of technological innovation and safety initiatives in aviation over the last 30 years, can be 

paradoxical; that is, it has come with unanticipated consequences and surprises in its use (Sarter et 

al., 1997).  This suggests that efforts in I-LOC reduction must begin in understanding how the 

system as a whole fails (Leveson, 2002) instead of examining I-LOC as problem grounded in human 

error (J. Reason, 2000). Application of automation must be systematic and based upon an explicit 

and elucidated theory (Parasuraman, Sheridan, & Wickens, 2000). Otherwise, the application of 

automation may be haphazard, merely redistributing workload temporally, rather than 

accomplishing a true transfer of function; thus, the position of automation in the system is “clumsy” 

(Wiener, 1989) rather than elegant.   

Although the term “clumsy automation” was first put forth over 20 years ago (Wiener, 

1989), post-hoc analyses of accidents often find that the human behaved in an erroneous fashion in 

relation to the automation (BEA, 2012; Wiegmann & Shappell, 2003). In the study of I-LOC, 

researchers have found that human error is not seminal in these events, but instead there are 

generalizable precursors and events (Belcastro & Foster, 2010). The human is one part of a larger 

system failure. This finding suggests that attention should be paid to the design of the system’s 

operation as a whole; that the system must be designed for safety and collaboration.   
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A Joint Cognitive System Perspective 

Examination of the whole requires a paradigm in order to elicit a methodology and measure 

for the examination of the target system. Measure and methodology arise from models, and models 

arise from theory (Hollnagel & Woods, 2005b).    

The topic of this present inquiry is the examination of work produced by a Joint Cognitive 

System, or rather, the work that failed to be produced—maintaining aircraft control. The science 

involved is the study of multi-agent systems in collaborative work in a dynamic system. This 

paradigm has been chosen because it more appropriately captures what actually happens in joint 

systems, interactions between system components. Central to this idea, is that a joint cognitive 

system is integral to the control of the dynamic system—if nothing is changing then there is nothing 

to be controlled (Hollnagel & Woods, 2005a). Further, a supposition of this perspective is that a 

system, composed of artifact, user, and organization, in collaborative work to accomplish a task 

(Boy, 1998b) has been constructed according to an appropriate design rational.  

Examination of design rational in the design, operation, and post-operation analysis enables 

the researcher to decompose the function of the system without decomposing the system parts. The 

goal of a JCS is symbiosis towards the accomplishment of a function. Thus, a failure in a system is 

not necessarily attributable to a faulty component, but instead, the less than adequate design rational.   

A Joint Cognitive System is a system that is adaptable to dynamic change, works 

collaboratively, and is purposeful. Implicit in this claim is that there is an adequate transfer of 

information. Information flow is central to overall system stability (Kasdaglis, 2013). An I-LOC 

accident is a system that has failed to meet these three goals. Kasdaglis (2013) claimed in 

Catastrophe Information Entropy Theory that, in this sense, an accident is a system that can no 

longer maintain stability—this is because the system it is starving for information. 
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Defining In-flight Loss of Control 

The aviation community uses several terms to refer to I-LOC; upset and unusual attitude 

are two. An analytical definition for I-LOC has seldom found consensus within the aviation 

domain. However, a notable exception to this is the definition and characteristic parameters 

constructed by the Upset Recovery Industry Team (URIT); they state: “an airplane upset is defined 

as an airplane in flight unintentionally exceeding the parameters normally experienced in line 

operations” (2008 p. 2.1). Their “Airplane Upset Recovery Training Aid Revision 2” describes 

typical characteristics of I-LOC; they are:  

 A pitch attitude greater than +25 degrees or -10 degrees 

 A bank angle greater than 45 degrees 

 Flight within parameters but inappropriate for conditions 

Wilborn and Foster (2004), in an effort to define I-LOC quantitatively, begin with a 

noteworthy attempt to summarize the qualitative aspects of I-LOC. In addition to flight outside the 

normal operating envelope, these other descriptions are included: flight is not predictably altered by 

the pilot’s inputs; non-linear effects, such as disproportional aircraft state changes to small inputs; 

high angular rates and displacements; and general inability to control the aircraft heading, attitude, 

or bank. The qualities described by Wilson and Foster are helpful to this present work as they 

transcend an undesirable pitch, speed, or bank of an aircraft. Instead, they capture the characteristics 

that may befuddle a pilot under high temporal demand.  

The consequence of attempting to recover from ILOC as defined by URIT would likely be 

a situation in which seemingly appropriate control inputs do not alter the aircraft to result in a desired 

aircraft state; small control inputs result in large state changes, and where regardless of attempts to 

return to a nominal state, large displacement prevails. The real issue, then, appears to be that the 
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pilot is unable to return the aircraft to a desired and safe state. Thus, for the purpose of this work, a 

simple definition for I-LOC that captures these qualities is offered; that is, I-LOC is an event 

when a pilot is no longer able to control key aircraft variables necessary for desired flight (Allen 

& Kwatny, 2011).  

I-LOC Categories 

I-LOC encounters are often grouped into categories of occurrence— often a stall lies at 

the heart of an I-LOC event (Belcastro & Foster, 2010; URIT, 2008). Belcastro and Foster (2010) 

in an analysis of 126 I-LOC accidents that spanned thirty years (1979 – 2009) and resulted in over 

6000 fatalities, found that an aerodynamic stall was causal or a contributing factor in 49 of the 

accidents; this is nearly 40% of the total. The FAA commissioned Upset Recovery Industry Team 

(2008) found similar results (figure 3).  

 

FIGURE 3: STALL OCCURRENCE WITHIN ACCIDENT FACTOR SEQUENCE. 

Although a stall is often involved in an I-LOC event, this factor should be distinguished 

from the precipitating factor that began the accident sequence. Environmental factors, such as 

inclement weather and atmospheric disturbances (Belcastro and Foster, 2010), have been frequently 

found to be the perturbation that begins this sequence (URIT, 2008). However, this does not suggest 
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that causes are singular. As a complex system, emergent system behaviors can occur and propagate 

from concomitant factors (Kasdaglis, 2013; Kasdaglis & Oppold, 2014). It is helpful to consider 

that the actual cause of an I-LOC accident may primarily rest in dysfunctional interactions between 

system components (Leveson, 2011).  

Of the 49 stall-involved-accidents that Belcastro and Foster (2010) found in their 30-year 

span of inquiry, only two had stall as the first factor in the accident sequence. In fact, the sequential 

order with the highest number of accidents was when the stall occurred as the 3rd accident factor 

(figure 4).     

 

FIGURE 4: STALL FACTOR IN ACCIDENT SEQUENCE 

Reason has asserted that human error is often found to be at the root of an accident (1995). 

Yet, as previously stated, a large portion of I-LOC accident involve environmental factors—factors 

inherently beyond the control of the pilot. One may counter that this fact does not leave a pilot 

blameless; avoidance of environmental threats or appropriate response to environmental 

perturbations is within the locus of a pilot’s control.   
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Regardless, human error is never perpetrated as an isolated behavior, and therefore it 

should rightly be explored in light of the environmental perturbations, system component failures, 

or the host of other factors that can instigate an accident sequence. This imperative is especially true 

in light of the data that reveals that I-LOC accidents often involve a stall that occurs later in an 

accident sequence.  

A database review of 54 I-LOC accidents resulted in the classification of these into three main causal 

or contributing factors: system components; environmental; and human error (Ancel & Shih, 2012). All of 

the environmental cases involved human error; and only 22% of the system component cases did not involve 

human error. In total 77.8% of the accidents involved human error. Generally, this suggests that aside from 

human error precipitating a large number of accidents, there exists a special class of accidents within which 

the human simply did not respond appropriately to a perturbation (Wiegmann & Shappell, 2003). 

Specifically, concerning I-LOC, this was found to be true; in their analysis of the 129 I-LOC accidents, 

Belcastro and Foster (2010) found that inappropriate crew response was a factor in 42.8% of the I-LOC 

accidents.  

Given these complex interactions and moderating factors, there is likely no single answer 

to the problem of I-LOC. As a complex problem, I-LOC must be addressed with commensurate 

variety (Ashby, 1958). Engineering resilience into complex systems begins with an 

acknowledgement that varied system component responses, when occurring in isolation, is 

acceptable; yet when in resonance can result in the system failure as a whole (Hollnagel, 2012). An 

integrated system approach is therefore required.  

NASA researchers working on the problem of I-LOC commented “due to the complexity 

of aircraft LOC events (i.e., accidents and incidents), no single intervention strategy can be 

identified to effectively prevent them” (Belcastro & Jacobson, 2010 p. 3). To continue, they suggest 

that a future integrated system to address I-LOC will be holistic, with three aims: 

1. Accurately model aircraft dynamics during I-LOC events; 
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2. Develop integrated onboard systems that can improve situation awareness, assess 

aircraft health and provide recovery assistance; 

3. Provide a means for validation and verification for certification of these new 

technologies  

NASA’s Aircraft Integrated Resilient Safety Assurance & Failsafe Enhancement System 

(AIRSAFE) concept includes online trajectory recovery generation, resilient adaptive guidance and 

control for off-nominal conditions, variable autonomy assessment and management, flight safety 

assessment and management, and vehicle /crew interface management. Two major functions and 

four sub-functions within the AIRSAFE (figure 5). 

 

FIGURE 5: APPLICABLE FUNCTIONS FOR NASA’S AIRCRAFT INTEGRATED 

RESILIENT SAFETY ASSURANCE & FAILSAFE ENHANCEMENT SYSTEM (AIRSAFE) 

A stall can render a pilot’s ability to aerodynamically regulate the aircraft ineffective. Thus, 

functionally, a stall can be somewhat synonymous with I-LOC for a great number of I-LOC 

events. This work will utilize this functional notion, as finding a solution to an I-LOC event in 

the stall category will provide the greatest impact to remediation of the problem. Therefore, this 
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paper asserts that the special category of I-LOC involving a stall (S) should exist; thus, this work 

uses these term I-LOC-S. 

Having established the criticality of an I-LOC-S intervention effort, a discussion of aircraft 

dynamics involved in controlled and stalled flight are appropriate, as these will suggest mitigation 

design options. Of particular interest to this research is a control-theoretic perspective of an aircraft’s 

energy state and an aircraft’s lift generation.   

The Aerodynamics of Stall 

HCD is an interdisciplinary work involving practitioners from various backgrounds such as 

psychology physiology, engineering, human factors, computer science. This is certainly true in the research 

concerning TRS. Therefore, many who are involved in this work and who will subsequently read this work 

require an introduction to basic flight dynamics in order to understand the rationale of the TRS. Furthermore, 

since HCD considers TRS from purpose to means, it is essential to convey this perspective hereafter, e.g. 

HCD principles before technological requirements. 

The purpose of controlled flight is to provide transportation of people and goods from point 

A to point B. Inherent in this purpose is that it is conducted safely and efficiently. Broadly, the 

principles by which an aircraft flies—motion and fluid dynamics—are based upon Newton’s Second 

Law of Motion, the principle of Conservation of Energy, and Bernoulli’s principle. Of course, these 

principles can be described with greater and greater granularity based upon the purpose of analysis. 

For this project, it is necessary to describe the process that is governed by certain constraints for 

safe and efficient flight.  

Although the presentation of performance information has been altered over the last 70 

years, the content is elementally unchanged. Likewise, the basic effectors involved in controlled 
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flight, namely throttle, elevator, and ailerons required for controlled flight remain unchanged. This 

calls to mind the question of why we present information for flight the way we do. Is this a product 

of sound rationale, or the momentum from a century of flight development? Perhaps it is worth 

mentioning that sound rationale may not be synonymous with historical momentum. In a prescient 

commentary, Klopsfstein states: “suppose for a moment that there were no birds are flying insects 

in our world and that the idea of heavier than air flying machines was a recent one. What would a 

team of engineers who had just discovered aerodynamic lift and were designing the first flying 

machine do to make the machine controllable by an airman?” (as cited in T. Lambregts, Rademaker, 

& Theunissen, 2008). It is explicit in the statement that, as much as flight must be controlled, it is 

constrained by governing principles. Perhaps more importantly is the existing process that links the 

practiced procedures of a pilot with the governing principles in order to activate a process, in this 

case lift. Therefore, it is important to understand the principles, practices, and processes involved in 

controlled flight as they relate to I-LOC-S. 

Aircraft Energy 

A pilot controls an aircraft through manipulation of controls in order to alter, orientate, 

and regulate the aerodynamic forces that act on an aircraft; the result is that the pilot can 

manipulate the energy state of the aircraft. The mechanical energy state of the aircraft is composed 

of the altitude and speed of the aircraft. The state of the aircraft can be expressed as the sum of 

kinetic and potential energy held by the aircraft. 

The capability for the pilot to control is through the kinetic energy, 𝐸𝑘 of the aircraft. An 

aircraft without kinetic energy is inherently limited for effective control. Aircraft  kinet ic  

energy i s  a  measure o f the dynamic energy of an objec t;  i t  i s  a  funct ion of the  

speed  of the object  such that :   

( 1 )    𝑬𝒌 =
𝟏

𝟐
𝒎𝑽𝟐, 
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where m  i s  a irc raft  mass  and V  i t s  relat ive veloci ty to  the ground.   Potential energy 

𝐸𝑝:  

( 2 )    𝑬𝒑 = 𝒎𝒈𝒉,  

with g being gravitational acceleration and h being the aircraft height above a reference.  

This energy is available to be converted kinetic energy. Functionally kinetic energy for a pilot is 

airspeed and potential energy is altitude.  Thus, the task of a pilot is managing the kinetic energy 

state of the aircraft so that it is above stall speed and the potential energy state above the terrain 

(URIT, 2008).  

It is commonly conceptualized that a pilot raises the nose of the aircraft with the elevator 

to affect a climb and increase the aircraft’s speed with the throttles. This control strategy has been 

shown to be faulty and commonly arises from a misconception of the dynamics involved in the 

energy management of the aircraft (T. Lambregts et al., 2008). A more helpful way to understand 

the task of the management of the total specific energy of the aircraft arises from: 

( 3 )   𝑬𝒔 =
𝑽𝟐

𝟐
+ 𝒈𝒉, 

with a rate being: 

( 4 )   
𝑬

𝒈𝑽

̇
=

�̇�

𝒈
+ 𝜸 = 𝜸𝒑 

Where:  

V=airplane velocity 

g= gravity constant 
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h= altitude 

�̇� =longitudinal acceleration along flight path 

𝛾= Flight Path Angle (FPA) 

𝛾𝑝= Potential Flight Path Angle (FPA) 

As the potential FPA is the rate of change that aircraft can attain with only the elevator 

deflection, when the change in aircraft velocity is zero, it follows that 
�̇�

𝑔
= −𝛾. In other words, 

elevator manipulation works opposite to flight path. This means that the effective control of elevator 

is a redistribution of the balance of kinetic and potential energy rather than a controller of height 

(potential energy). Conversely, as T= Thrust, D= Drag, and W= weight, then the aircraft dynamic 

along a flight path are: 

( 5 )    
𝑻−𝑫

𝑾
= 𝜸𝒑 =

�̇�

𝒈
+  𝜸 

Therefore, the introduction of energy into the aircraft system is through the remaining control 

effector, throttles. A helpful way to conceptualize this is with the reservoir analogy as described by 

Amelink, Mulder and Flash (2005) that has been adapted and illustrated in figure 6. This shows that 

the elevator functions as a distributor of aircraft energy, where the throttles serve as a controller of 

energy into the system that must exceed the decrement of drag. 
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FIGURE 6: DYNAMIC AIRCRAFT ENERGY ANALOGY. 

In steady flight, �̇�𝑘 = 0 , and �̇�𝑝 = �̇�𝑠. From the control perspective, this means that an 

optimized steady flight path is found when throttle and elevator inputs are coordinated such that the 

resultant effect of the control inputs to the elevator and throttles result in a straight line to a new 

aircraft state. That is, if the pilot task is to move the airspeed state to a new desired state and move 

the aircraft altitude to a new altitude state, the effector inputs must be coordinated. The actual 

activity that the pilot engages in described as a strategic maneuver of control efforts to make this 

happen. Yet, this is accomplished, by the construction of these parameters mentally, a task that 

expert pilots usually do well. This issue will be further discussed in the coming chapters—as we 

will consider aircraft control and the rationale of facilitating appropriate cognitive functioning based 

upon context. For now, the point to understand is that resources for coordinated action generally do 

not exist on today’s primary flight displays.  
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All pilots intuitively understand the criticality of energy state of the aircraft. For example, 

a pilot appropriately manages the kinetic energy of the aircraft when they ensure their aircraft travels 

above stall speed; likewise, a pilot that prevents their aircraft from unintentionally becoming too 

close to the ground is in essence managing the potential energy state of their aircraft. The commonly 

articulated harbinger of an aircraft accident is “flying low and slow”, articulated the criticality of 

total energy management of an aircraft by its pilot.  

However not all pilots are explicitly taught the consequences of poor energy management, 

how to recognize and avoid trajectory towards a poor energy state, and how to explicitly describe 

their present and future energy state of their aircraft. Notable here is the common knowledge that 

military pilots are initially taught and trained to recognize, plan and act according to appropriate 

energy management of the aircraft. Such training facilitates an appropriate mental conceptualization 

of the aircraft’s energy state, in the means by which to affect a change to the desired state. What 

may not be common knowledge is that the strategy by which this is accomplished is a multi-

input/multi-output (MIMO) versus single input/single output (SISO) strategy. Plainly, this means 

that the transition from one state to the next is best accomplished by understanding that there exists 

an undesirable coupling in effect for aircraft control when throttle and elevator are utilized 

asynchronously (SISO) to change aircraft state—this undesirable coupling effect is best addressed 

through a MIMO control strategy. This fact has long been recognized since the 1970s, and has been 

the impetus for NASA sponsored research; notably in concert with Boeing, the Total Energy Control 

System (TECS) was developed (A. A. Lambregts, 1983). 

Lift Control 

An indirect element in the total energy state of the aircraft is the control of lift and airspeed. 

The manipulation of lift occurs through pilot inputs of the aircraft control surfaces and airspeed 

through the manipulation of lift.  These surfaces alter the angle at which the aircraft approach the 

oncoming wind.  
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AOA is most often defined as the angle between the relative wind and the chord line of 

the wing (figure 7). The relative wind is parallel to the direction of flight (flight path).  Therefore, 

the pilot’s task to manage the energy state of the aircraft is directly related to the control of the AOA.  

 

FIGURE 7: ANGLE OF ATTACK 

All aircraft require lift. Lift is produced as the AOA of a wing is increased. The linearity 

increases continue to a point known as the critical angle of attack ( 𝐴𝑂𝐴𝑐𝑟 ). The 𝐴𝑂𝐴𝑐𝑟  is 

FIGURE: 8 A LINEAR RELATIONSHIP EXISTS BETWEEN LIFT AND THE ANGLE OF 

ATTACK UNTIL A CRITICAL POINT CALLED THE CRITICAL ANGLE OF ATTACK. AFTER 

THAT POINT LIFT RAPIDLY DECREASES. THIS IS CALLED A STALL. 



23 

 

determined by several factors, including the planform and aspect ratio of the wing. After this point 

of 𝐴𝑂𝐴𝑐𝑟 , an increase in the AOA will result in a rapid decrease of lift, a stall (figure 8). In this 

case, the coefficient of lift rapidly decreases as AOA increases. This is because of airflow 

disruption over the wing. Specifically, the smooth airflow over the wing begins to separate and 

become turbulent—with increasing AOA this disruption moves forward impeding the wings ability 

to produce lift. At 𝐴𝑂𝐴𝑐𝑟  the airflow is so disrupted that a further increase in AOA results in greater 

drag and less lift. Further aggravating control, the stall results in a shift of the center of pressure—the 

point on the wing from which the sum of all lift forces on the wing are represented by a single 

aggregate vector resulting in a pitching moment which further decreases aircraft stability, and 

complicates aircraft control.  

An aircraft can stall at any altitude and airspeed. This is because lift in level flight must 

be equal to the weight of the aircraft. Yet weight must be considered in light of load factor – although 

a dimensionless quantity, it is most commonly described and understood as g, the acceleration of 

gravity. Thus, 𝐿 = 𝑛𝑊, with 𝑛 being load factor. Load factor is greater or lower than 1 during 

different context of other than level flight; for example, a level 60-degree turn will result in the 

aircraft structure experiencing 2 g. Thus, the coefficient of lift sufficient to support an aircraft in 1 

g is insufficient to support an aircraft in 2g. Formally, load factor is the ratio between lift and weight 

of an aircraft, such that: = 𝐿/𝑊 . Stall speed is a function of the lift generated during flight, or the 

aircraft’s weight during straight and level flight. Because stall is not located at that condition, there 

must be an approximation for this unsteady situation. Although lift would not equal weight exactly, 

a force equal to or higher than weight would be required to maintain flight. This situation can be 

approximated as load factor. Thus the stall speed is proportional to load, 𝑉𝑠𝑡𝑎𝑙𝑙~√𝑛. Functionally, 

this means that the aircraft will stall at a higher speed. With a notable exception, most civilian 

aircraft have not historically had a means for the pilot to integrate aircraft acceleration forces and 

AOA; the Concorde had such a display (figure 9). 
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FIGURE 9 : CONCORDE ACCELEROMETER AND AOA TAPES (FIGURE COURTESY OF 

CAPTAIN JEAN PINET, PHD) 

The task of the pilot is to recognize and avoid a stall and, if one is encountered, to recover. 

In either case, the objective is to decrease the AOA of the aircraft. The FAA instruct pilots to reduce 

AOA through removing back-pressure and, if necessary, applying forward pressure to the control 

effector “to reduce angle of attack but only enough to allow the wing to regain lift” (2004 p. 4-4). 

Thus, it is fundamental that the pilot recognizes the stall. The FAA’s Airplane Flying Handbook 

states “pilots must recognize the flight conditions that are conducive to stalls and know how to apply 

the necessary corrective action. They should learn to recognize an approaching stall by sight, sound, 

and feel” (2004 p. 4-3). Remarkably, there is no AOA information in most commercial aircraft; 
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even where such information exists, the FAA handbook stresses: “the use of such indicators is 

valuable and desirable, but the reason for practicing stalls is to learn to recognize stalls without the 

benefit of warning devices” (2004 p. 4-4) . Therefore, managing energy states of an aircraft is a 

function with no resources (Boy, 1998a). The theoretical basis for discovery of functions and their 

requisite resources for a given context must considered. The present problem, then exists, and is 

made manifest—a function exists, manipulation of AOA, in a dynamic and unstable context, 

where the requisite resources and roles are inadequately defined and made available.  

Energy management and Lift Control in a Stall 

It is helpful to synthesize the preceding discussions in terms of our aforementioned 

objective and method of analysis, that is understanding the design of a system from the perspective 

of purpose, principles and process. The objective of a pilot is two-fold. The first is energy 

management, specifically through a) elevator control for the distribution of energy in the aircraft 

system (computationally this is expressed in the total specific energy description described in 

equation 3, while functionally the pilot manipulates their effector to result in elevator deflection 

with consequential shift in aerodynamic center of pressure and the aircraft trading altitude for speed 

or speed for altitude); b) throttle control to introduce energy into the aircraft system’s total energy 

supply. The second object is germane to the production of lift in the context of a stalled aircraft—

specifically to reduce AOA below 𝐴𝑂𝐴𝑐𝑟so that 𝐿 > 𝑛𝑊 (the assumption being that the stall has 

caused los of altitude that must be restored).  

Both objectives have a grand overarching purpose—safety of flight and efficient 

transportation. Yet the former objective’s context is a non-stalled wing, where the latter is a stalled 

wing. Thus, the sub-purposes or immediate objectives differ based upon context. These different 

contexts also indicate that different principles must be respected and different processes. Thus, 

system functions must account for different context (Boy, 1998b). In the context of a stall, it should 

be apparent that before one can trade airspeed for altitude, or altitude for airspeed, as well as 
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attempting to increase energy into the system by means of an increase in engine output kinetic and 

potential energy, or introduce energy into the system, the wings of the aircraft must be producing 

lift greater than the drag loss occurring in the ensuing stall. Like the reservoir description used earlier 

to describe the use of the two effectors available to the pilot to manage the energy of the aircraft, a 

stall can be depicted in that analogy (figure 10). In this sense, the reservoir has a massive leak that 

is quickly depleting the total energy of the system, such that introduction of new energy into the 

system is insufficient in keeping up with the loss experienced by the system. This suggests that the 

elevator’s purpose is no longer a means to balance the total energy of the system between kinetic 

and potential reservoirs, but instead to facilitate the process by which the massive leak can be 

slowed.  
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FIGURE 10: CHANGE IN TOTAL ENERGY OF THE SYSTEM DURING A STALL. 

 Thus, the activity to recover the aircraft requires procedures and resources that facilitate 

a restoration of the process of production of lift, and adhere to the principles of the conservation 

of energy. Naturally, an effort to define I-LOC-S in context requires analysis of actual activity 
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by pilots who have encountered this event. Specific attention should be paid to  the procedures—

which involves declared routines, roles, and the use of specific resources for stall recovery. 

Complexity Analysis for a System Perspective 

Cognitive Functions and I-LOC 

Though advances in technology have sought to make incremental improvements to flight 

stability and reliability (Briere & Traverse, 1993), such attempts have not been able to assure I-LOC 

prevention and recovery (BEA, 2012). Automation while preventing some type of I-LOC accidents 

has paradoxically made others possible (Sarter et al., 1997). This claim should not be taken as an 

indictment of technology and automation, but instead it should suggest that an understanding of how 

automation, technology, and people work in joint cognitive systems is required in order to increase 

system reliability (Boy, 2013a). Therefore, this work attempts to contribute to that effort of 

reliability improvement through understanding of cognitive functions in complex multi-agent 

systems. In accomplishing a task, a system is involved in a cognitive function. A cognitive function 

transforms a formalized task into a practiced activity (Boy, 1998b). This transformation occurs 

through context, roles, and resources of the target system (see figure 11). The resources through 

which the system implements the cognitive functions are based in the user (knowledge and skill), 

artifact (direct manipulation by the user), task (delegation), or organization (teleological and 

ontological composition).   
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FIGURE 11: REPRODUCED FROM COGNITIVE FUNCTION ANALYSIS FOR HUMAN-

CENTERED AUTOMATION OF SAFETY CRITICAL SYSTEMS, G. BOY. (1998). 

By examining the cognitive functions of the I-LOC events, consideration can be given to 

the task involved in an I-LOC encounter. Requisite resources for recovery can be identified, roles 

can be made explicit, and context of use formalized. Thus, a cognitive function analysis is the basis 

of identification of design deficiencies, requirements, and remediation strategies.   

I-LOC Cognitive Function Analysis  

Methodology 

I-LOC events are best examined as whole system failures, rather than parsing system 

components for individual piece failures. Therefore, utilizing a formal method of qualitative 

function analysis, a decomposition is attempted of I-LOC events that elicit less than adequate system 

design. This method may enable more effective design activities in the prevention of I-LOC 

accidents.  

An archival query was conducted utilizing a search of the Aviation Safety Reporting System. This 

system, managed by NASA, allows a venue for pilots to report upon areas of safety without fear of retribution. 
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In fact, if the pilot initiates a report, they may be protected from enforcement action.  A search of the database 

was conducted using the following search criteria: a commercial aircraft air carrier; flown with passengers 

under Federal Aviation Regulations (FAR) Part 121; between the dates of January 2009 and January 2014; 

with the narrative text containing any variations of the word “buffet” or “stall”—18 aircraft incidents of I-

LOC returned.   

These events were examined utilizing the cognitive function analysis method (Boy, 1998b). 

Narratives were analyzed by an Airline Transport Pilot. The initial perturbations were identified. Cognitive 

functions were sought in order to identify interaction, roles, context, and responsibilities; specifically, the 

intended task was compared to what actually happened. User, artifact, and organization tasks were identified, 

as was the resource base from which the CF drew: artifact; task; user; or organization. The results were 

logged into a spreadsheet (Appendix B).  

Results and Discussion  

Perturbations  

   Initial perturbations were almost entirely external; in 17 out of the 18 events of I-

LOC, encounters arose from a disturbance that was outside of the aircraft. More specifically, most 

I-LOC events begin with turbulence (figure 12). Although external to the aircraft, these threats were 

not necessarily unavoidable. For example, a flight crew who experienced I-LOC because they chose 

to takeoff into convective activity clearly experienced an initial perturbation of severe turbulence. 

Yet culpability of the I-LOC event does not necessarily fall on the flight crew. In fact, the 

methodology employed in our study was not concerned with flight crew culpability, but with how 

the system as a whole performed. In our example, the case of a takeoff into convective activity, the 

scope of system components in collaborative work go well beyond the confines of the flight deck.  
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FIGURE 12:  PERTURBATIONS INVOLVED IN I-LOC. 

Phase of Flight  

The majority of I-LOC events occurred at cruise (figure 13). This finding is notable in that 

this phase of flight is characterized by very low workload. Further, the crew in cruise would not be 

as vulnerable to time compression—exceedingly high workload to be accomplished in little time. 

Monitoring requirements still remain; this indicates that during periods of cruise the crew, ATC, 

and organization involved had time to practice System State Awareness (SSA)— recognize the 

situation materializing, anticipate the consequences of planned and alternative actions, and adapt 

the Joint Cognitive System’s purpose (Kasdaglis et al., 2014b).  
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FIGURE 13: PHASE OF FLIGHT FOR I-LOC EVENTS. 

Surprise  

The narratives were examined for notable words that would allow an inference of how 

quickly the I-LOC situation developed. All of the I-LOC events explicitly or implicitly indicated 

suddenness, surprise, and/or rapid onset. This observation has also been made by other researchers 

(Pinet, 2012). Listed are three examples of this finding:  

 “At 7,000 FT, airspeed 170 KTS assigned and flaps at two degrees when we 

suddenly experienced violent vibration or turbulence.”  

 “…it took no time at all from a second’s inattention to a highly undesired state.”  
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 “Just below 3000'MSL the Airspeed dropped suddenly, the autopilot 

disconnected, and the auto-throttles went into TOGA/Lock. The airspeed was 

dropping through 180KTS with a trend arrow that extended off the airspeed Scale. 

I felt that a Stall could be imminent.”  

This suggests that cognitive functions can rapidly change based upon the rapid change in 

the context. Further, this change will require that the goals of the Joint Cognitive System, resources, 

and roles of the individual components be flexible. This is a tradeoff that ensures that the joint 

cognitive system is adaptable to changes. Requisite variety is necessary for system resilience in the 

midst of dynamic change (Ashby, 1958). System variety is necessary to match environmental 

variety. Rigidifying is a way to make system performance predictable. Thus, many of the ASRS 

report indicate that the auto-pilot system or automation was unable to cope with the novel situation. 

Hollnagel and Woods (2005c) describe this as the impossible situation of attempting to plan for all 

the possible events—there will always be one that you have not planned for; this dilemma is known 

as the n+1 fallacy. Our findings suggest that automation, being rigid, may be misplaced in dynamic 

situations where the probability of novel events increase.   

Artifact-Based vs. Task-Based  

A cognitive function that is designed for task-based event should provide a means for 

explicit fluid functional allocation. Thus, a cognitive function that is task-based should be designed 

to content with the requirement of delegation of a task to other agents of the joint cognitive system, 

including automation (Boy, 1998a). This is because delegation makes explicit the role and 

responsibility of each agent. Alternately, an-artifact based cognitive function benefits from direct 

manipulation rather than delegation. An artifact based cognitive function most easily falls prey to 

the n+1 fallacy. A user, drawing from a great pool of knowledge and skill resources must be 

available when such events occur.  
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My findings indicate that most cognitive functions that were part of the I-LOC events 

examined involved employing more artifact-based strategies over a task-based approach (figure 14). 

Although a great deal of the circumstances involved the failure of automation to cope, the user did 

not anticipate that the automation would be unable to handle the delegated task and allowed an agent 

that was not suited for the context to be utilized. This may be because the design of the cognitive 

function was mismatched as an artifact based task when instead it would have been more desirable 

to design the cognitive function as task – based—thus making explicit its use and context, and 

responsibilities.   

Delegation of the automation resulted in the responsibility for the delegated task to quickly 

land back in the lap of the user. This may be why we observed that user-based tasks were involved 

in 6 out of 18 of the events. This number was tied with organizational-based cognitive functions. 

The cognitive functions involved require user involvement.  

 

FIGURE 14: RESOURCE BASE FOR COGNITIVE FUNCTION ANALYSIS. 
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 Organization-based cognitive functions indicate that, in the midst of the dynamic 

operational environment, organization pressures impact system performance. These pressures may 

be capacity, economy, or comfort. Further, these organizational cognitive functions do not appear 

to be originally designed into the task as organization-based, but were transformed in particular 

context into what actually happened (activity). For example, aviation stakeholders have accepted 

poor turbulence detection. Turbulence avoidance in commercial aviation often relies on trial and 

error. The organization as a whole has been used as a resource by placing pressure on aircrew to 

respond to turbulence in a way that is beyond their skill and knowledge. Yet turbulence detection 

would be an appropriate place if delegated, artifact-based. This requires that organization pressures 

be detected in these events and aviation stakeholders respond by insisting that that cognitive function 

be rethought, redesigned, and placed at the feet of the appropriate resource!   

These findings suggest that many of the cognitive functions involved in I-LOC incidents 

may be misplaced, or not designed with a specific rational. Future efforts at correcting I-LOC must 

be grounded in constructing a system that works symbiotically, rather than placing responsibilities 

and tasks on the wrong system agents drawing from the wrong resources. Design and remediation 

strategies for I-LOC recovery and avoidance should be constructed upon an understanding of the 

cognitive functions involved.   

 

  



36 

 

Chapter 3: State of the Art 

As the purpose of this work is to examine the problem of ILOC-S and to offer a proposal 

for its mitigation, an HCD approach has been employed. One specific perspective by which this 

work has been conducted is in understanding human activity through the lens of cognitive functions. 

Cognitive functions and the resulting analysis suggest that attention should be paid to context of use 

of a proposed system, the roles of people in agents involved in the system, and the resources that 

are available within the system. Thus, this chapter will offer an examination of the state-of-the-art 

of people involved in ILOC events, namely pilots—their knowledge, skills, and attitudes. In addition, 

this chapter will offer an examination of the state-of-the-art of the technology that is available to 

pilots for recognition and recovery from an ILOC-S event.  

The findings of our examination of pilot’s knowledge, skills, and attitudes are that 

participant pilots had less than adequate knowledge, skills, and attitude regarding I-LOC. As a 

whole, the participants lacked the knowledge for avoidance and recovery from an I-LOC event. 

Further, the skills for recovery suggest a bleak picture if the results found in this study are 

generalizable to the greater pilot population. The examination of technological resources indicates 

a dearth of resources available to help a pilot appropriately act in an I-LOC-S event. 
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An Examination of the State of the Art 

Most I-LOC accidents involve a stalled wing condition. That is, the wing has exceeded 

the critical AOA. Thus, as discussed in Chapter 2, the primary and essential task of the pilot is to 

reduce the AOA of the aircraft.  While this is a required task, most aircraft do not have a way 

within which the pilot can directly ascertain the AOA of the aircraft. This seems to suggest that a 

simple technological intervention, such as an AOA indicator can readily solve the problem of I-

LOC. Yet the claim inherent in all HCD is that interaction between human and technology should 

be accounted for in technological design efforts. Further, such accounting is not merely summative, 

but is instead deeply formative—it must include design, prototyping, and evaluation that iteratively 

refines the design based upon deep understanding of the domain and the observed longitudinal use 

of the intended artifact.  

HCD considers technological resources introduced to various contexts of use and the 

resulting roles that emerge. Of note is that intended or designed roles are distinguished from how 

the system is used and what actually happens in the use of the artifacts (Boy, 2013a). Thus, human-

in-the-loop simulation is required. These human-in-the-loop simulations involved in the work will 

be discussed in Chapters 6 and 7.  

However, an examination of cognitive functions that are present in I-LOC context precedes 

the iterative design and evaluation of a cognitive artifact. Thus, Chapter 2 considered cognitive 

functions of historical data from I-LOC-S events. To frame, and respond with an appropriate HCD 

solution for I-LOC-S, further understanding of the cognition of the pilot-aircraft system (PAS) is 

necessary to contextualize. Thus, it is necessary to examine not only the state of the art regarding 

technology employed in modern aircraft, but also the state of the art regarding the joint cognitive 

system. State of the art is not solely technological. Indeed, a central claim in HCD is that 

technology is simply an extension of human cognition—and that jointly, human and technology 
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form a joint work system (Hollnagel & Woods, 2005d). Therefore, the examination that was 

conducted in this work reports on contemporary technology and its present use and understanding 

by people.  

Pilot Knowledge, Skills, and Attitudes for I-LOC 

In 2014, a study was conducted that analyzed pilot’s knowledge, attitude and skills 

regarding I-LOC. The objective of this work was to construct and conduct a pilot study of an 

aviator’s knowledge, skills, and attitudes (KSA) regarding I-LOC. Building along the structure of 

Bloom’s work (Anderson et al., 2001), I sought to explore three claims that impact a pilot’s 

performance during an I-LOC event. A pilot’s:  

 Lack fundamental knowledge of the aerodynamics involved in I-LOC. 

 Lack the fundamental skills for avoidance and recovery from an I-LOC event. 

 Having been lulled into a technologically induced sense of safety, and thus, lack the 

appropriate attitude regarding I-LOC. 

The results of my study, although not necessarily generalizable, support these three claims. 

The findings of the survey, as a whole, indicate less than adequate knowledge, skills, and attitude 

regarding I-LOC. As a whole, the participants lack the knowledge for avoidance and recovery from 

an I-LOC event. Further, the skills for recovery suggest a bleak picture if the results found in this 

study are generalizable to the greater pilot population. 

I-LOC, the Operator, and Technology  

Although the oft-cited claim that human error is the cause of most aircraft accidents has 

been a well-entrenched mantra in aviation safety, it is important to remember that first and foremost 

an aircraft accident is a system accident (Kasdaglis, 2013). As such technology, people, and 



39 

 

organization cannot be neatly parsed to identify the offending party. For example, the modern flight 

decks of today are replete with technology and automation to guide an aircraft in navigation. These 

innovations were partially encouraged by the requirements for more precision in navigation to 

increase utilization of airspace capacity. In this case, organizational demands exceeded human 

performance, and therefore encouraged ubiquitous automation; clearly technology, organization, 

and people interacted so as to incrementally move the art of flying to a new functional domain. Yet 

this new functional domain implies the departure from the old. That is, cognitive functions 

performed by human operators shifted from one that was aerodynamically attuned, to one that is 

technology centered.   

One such effect of the manifold increase in technology and the ensuing focus on the flight 

deck is that pilot training largely involves familiarization and training to proficiency for the various 

aircraft systems. Thus, organizational demands have instilled a technological focus on human 

performance. Neglected in this focus is the fundamentals of aircraft control and performance that 

marked the earliest parts of a pilot’s training. Thus, it is the objective of this work to offer a pilot 

study of an aviator’s knowledge, skills, and attitudes (KSA) regarding I-LOC.    

Method  

 In keeping with knowledge elicitation methods utilizing small numbers, rather than large 

statistical groups to elicit data for statistical analysis (Nielsen, 1994), 9 aviators, having been asked 

to participate in a voluntary and anonymous study, completed a survey regarding I-LOC. The 

aviators were commercial and general aviation pilots. The four-part survey (see Appendix B) was 

constructed with the objective to determine KSA of pilot participants regarding I-LOC.   

Knowledge: The survey consisted of a knowledge section—10 multiple choice questions 

were constructed to elicit pilot knowledge regarding aerodynamic principles that contribute to the 

stability of an aircraft; precursors to I-LOC; and contingency procedures for I-LOC avoidance.   
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Attitude: Seven questions were constructed seeking the aviator’s feeling regarding a 

particular aspect of I-LOC. A five point Likert Scale was utilized for the participant to mark their 

level of agreement or disagreement to the statements that were presented.   

Skills: The survey presented two separated scenarios of a B-737 in an unusual attitude 

(abnormal flight attitude and speed). Participants were shown a separate picture of the primary flight 

display of each scenario aircraft. The participants were asked to describe what they would do for 

recovery.  

Demographic: The survey questioned the participants regarding flight time, currency, 

ratings held and training experience.  

The surveys were evaluated by the study author, an Airline Transport Pilot with the 

following criteria:  

 Knowledge: 8 of 10 correct responses was set as the passing score.  

 Attitude: Based upon the participant’s responses, the evaluator subjectively 

placed the participants into one of three groups: over confident, under confident 

or appropriate confidence.   

 Demographic: The demographic information was entered into a database.  

 Skills: The study evaluator examined the responses and scored the response based 

upon the likelihood of recovery if the procedures had been utilized in the scenario. 

A score of 3 on an individual scenario indicated that the maneuver entered by the 

participant would result in a recovery; a score of 2 indicated that recovery would 

be delayed or ineffective, but not aggravating; a score of 1 indicated that the action 

advocated by the participant would aggravate the situation. A total minimum 

score of 5 was set as passing for this activity.   
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Results  

  Survey results were recorded and analyzed (see Appendix B). Participants of the survey 

had an average total flight time of 2422 hours, while the medium flight time was 500.  The maximum flight 

time of the participants was 14,000 hours and the minimum was 100. All but one participant had recent flight 

currency in the last 90 days. The FAA ratings held by the participants were: (2) Private; (2) Instrument; (4) 

Commercial; and (1) Airline Transport Pilot. While all had training in aircraft stalls, 3 participants had never 

had any spin training.   

The knowledge section resulted in no participants passing the survey (see figure 15). The 

mean score for all participants was 49%. The low score was 20% and the high 60%.   

 

FIGURE 15: PILOT KNOWLEDGE SCORE. 

In the attitude section, 5 pilots were found to be overconfident regarding I-LOC and 4 

appropriate in their confidence. Finally, in the skills section there was one passing score (6) out of 

all the participants. The lowest and most frequent occurring score was a 2.  
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Discussion  

The primary way a pilot can survive an I-LOC event is to practice avoidance. Implicit in 

this requirement is that pilots know the context of when an I-LOC event is most likely to occur, 

where in the flight profile the event has historically occurred, and how the event develops. 

Therefore, each knowledge question sought to elicit a pilot’s knowledge in a domain of I-LOC 

avoidance (Table 2).  

TABLE 1: DOMAINS OF KNOWLEDGE MISSED. 

Avoidance 

Knowledge 
Question 

Number 

of participants 

who missed the 

question 

Spatial 

Disorientation 
1 2 

Wake 

Turbulence 
5, 6 6 

Abnormal 

Event 
2, 8 10 

Stall and 

Spins 
4 - 

Aerodynamics 3 6 

I-LOC 

statistics and context 
7, 9, 10 23 

 

Based upon these findings, it may be possible to infer that pilots are well aware of the 

danger of I-LOC when preceded by spatial disorientation. Yet, according to Belcastro and Foster 

(2010), I-LOC accidents can be generalized into certain sequential precedent events. External 

threats, such as wake turbulence, and internal threats such as a component malfunction are examples 

of perturbing events that begin the sequence. Although unfortunate, it was not unanticipated based 

upon our claim of ubiquitous technology that pilots displayed poor aerodynamic understanding of 
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I-LOC; however, it was a surprise how the pilot participants did not display knowledge of the initial 

perturbing events that instigate an I-LOC event; specifically wake turbulence and abnormal events. 

This is particularly troubling, as Belcastro and Foster have found that an improper response to these 

type of events is a common next step in the I-LOC development. In sum, our participants not only 

displayed that they possessed a deficit of knowledge in “what” to avoid to prevent an I-LOC event, 

but they also lacked the “how” to respond to those events if they do occur, in order to keep an I-

LOC scenario from developing!    

Another alarming domain missed was I-LOC statistics and context. Out of 27 possible 

correct responses to these three questions, only 4 correct responses were recorded. These results 

indicate that our participants are mostly unaware of the danger that I-LOC poses to their safety of 

flight and the context within which this event has historically occurred.  

Individual responses also provide insight into pilot KSA. The top question missed in the 

knowledge section asked the participant to identify the leading cause of aircraft fatalities during the 

ten-year period from 2001-2010 (I-LOC being the correct choice); all participants marked the 

incorrect answer. This confirms that our participants were wholly unaware that I-LOC was such a 

danger. To grasp the weight of this finding, consider the alarm of the public if it were discovered 

that the yearly flu vaccine had been prepared and administered with complete ignorance of the active 

strain for that year. It would be expected that the public would consider this finding as a call for 

action and change. Likewise, this finding, if confirmed by further study, should bring forth a similar 

call, as a great many are aviation passengers each year.  

Further, the next two most missed questions, with all but 2 participants marking the 

incorrect answer, queried for knowledge of when during a flight an I-LOC danger is most present. 

Finally, only three participants were able to correctly indicate that they would utilize a known pitch 

and power setting in the event of erroneous airspeed indications. We found that this was truly 

troubling, in that many I-LOC accidents have fallen prey to this very malfunction, most recently Air 
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France Flight 447(BEA, 2012). The failure of 6 of the 9 participants to indicate the correct response 

to this question suggests not only a weakness in knowledge, but a weakness in skill.   

This questions and the responses suggest another interesting finding—that some of the pilot 

participants had been trained early on in “control and performance concept”— as this training is 

requisite to successful flight in this scenario. In fact, one participant’s response to this question, 

actually called for the concept by name: “[set] known pitch and power settings, control and 

performance concept”.  This concept is primarily a military training concept that instructs pilot 

trainees to “set” a particular power and attitude of the aircraft, have in mind what the consequential 

flight dynamics that would be on the aircraft, and use the performance aircraft displays (e.g. 

airspeed) as confirmation devices. This means that the pilot trained in control and performance does 

not “fly” by a performance instrument but uses it as a confirmation tool. Conversely, a response by 

a pilot participant with 500 flight hours indicated that a combination of visual reference and “feel 

of the controls” would be the appropriate action. Sadly, this approach is flawed and deadly; I-LOC 

scenarios like the “graveyard spiral” are brought about by a pilot relying on “feel of the controls”.  

As already indicated, skill and knowledge are not easily decomposed. In fact, even the best 

performer on the skills section displayed poor knowledge of I-LOC, (with a score of 60%). This 

participant had 14000 flight hours and was the only participant to indicate the correct recovery 

procedures for both I-LOC scenarios in the skill section. The raw data for this participant shows that 

the wrong responses were mainly regarding questions that sought to ascertain if the participant was 

aware of the dangers of I-LOC and when they could occur. It seems that this pilot, although capable 

to recover from I-LOC was perhaps less attuned to its avoidance.   
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FIGURE 16: AIRCRAFT PFD SCENARIO 1. 

The skills section also gave insight to the difference between military and civilian training. 

This difference should be explored to standardize and maximize the effectiveness of recovery 

techniques. Traditional civilian instruction for an unusual nose high attitude is to level the wings, 

increase power, and push the nose down. This technique differs from military instruction that 

advocates the pilot to discern the “energy” state of the aircraft concomitant with determining the 

most expeditious route to level flight. That is, if the aircraft has little airspeed, control authority of 

the flight control surfaces may be ineffective; thus this scenario may call for a different action than 

an aircraft with high energy. Further, a military pilot has most likely been trained that an aircraft 

with 0 g (load) cannot stall. The point is that a military trained pilot who encounters an aircraft in 

an unusual nose high attitude may choose to increase (rather than decrease) the existing bank of the 

aircraft as the most expeditious way back to the horizon, all the while unwilling to move throttle 

position if a change in energy is unwarranted.   
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The responses of a participant who advocated a military type recovery is contrasted with a 

pilot participant who indicated a civilian type recovery are found in Table 3 for the first aircraft 

scenario (figure 16). Moreover, all of the other participants indicated a wrong response by failing to 

identify the actual attitude of the aircraft—inverted nose high. Only the one correct response 

identified the aircraft was actually inverted and that the quickest recovery would be to bank left. All 

the other participants choose to bank right, which would have resulted in the aircraft becoming 

perfectly inverted!   

 

FIGURE 17 SPLIT S. IMAGE REPRODUCED FROM 

HTTP://WWW.FLIGHTSIMBOOKS.COM/JFS/81-1.JPG. RETRIEVED 7/9/2014. 

The likely outcome of such an input would have been that in an effort to maintain the “feel” 

of 1g inverted, the erred pilot would have applied back pressure and performed an aerobatic 

maneuver called a “split s” (see figure 17).  This constant 1g pull towards the ground would have 

likely resulted in a tremendous amount of altitude loss and an exceedance of the airspeed limits of 

the aircraft at best, and impact with the ground at worst.   
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TABLE 2: PILOT RESPONSES TO AN UNUSUAL ATTITUDE. 

14000- Hour Pilot 1686-Hour Pilot  

 “Throttle stay where they 

are, smoothly increase left bank to 

approximately 45 degrees, let the 

nose slice down to the horizon and 

recover to level flight.”  

  

“Right aileron to level, 

followed by increased power. 

Pitch down to level. Difficult to 

read tapes, but aircraft not 

climbing or descending at that 

instant. No information about 

power setting.” 

  

In light of the poor performance regarding knowledge and skills, we found that only 4 the 

participant’s attitude responses were deemed “appropriate”. Yet, the raw data suggest that even this 

group (appropriate attitude) does not fully appreciate the dangers associated with I-LOC. For 

example, one statement in the attitude section of the survey stated the following: “To be honest, it 

is hard for me to understand how someone can let their aircraft get out of control.” The response 

of a participant with 4000 flight hours who had displayed a healthy respect for I-LOC and their 

abilities admitted to “agree” with this statement on a 5 point Likert Scale. Remarkably, this 

participant failed to indicate appropriate recovery from both unusual attitudes in the skill section. 

The hard to imagine aspect of how someone could find themselves in an I-LOC scenario appears, 

in this case, to be grounded in unfamiliarity of the demands placed upon a pilot in abnormal flight 

attitudes and regimes.     
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The findings of the survey, as a whole, indicate less than adequate knowledge, skills, and 

attitudes regarding I-LOC. As a whole, the participants lacked the knowledge for avoidance and 

recovery from an I-LOC event. Further, the skills for recovery suggest a bleak picture if the results 

found in this study are generalizable to the greater pilot population.   

It appears that the initial claims of this work may have some validity; yet a larger study is 

necessary to advance such a position. The most noteworthy finding in this study is the perspective 

difference, which appears to emerge in understanding and skill regarding I-LOC. This difference 

seems to have arisen in training to yield military training or civilian training mindsets. This suggests 

that remediation for I-LOC may be possible through standardization and implementation of best 

practices regarding I-LOC.  

   As this study was a pilot study, we do not contend that these results are 

generalizable. In fact, we understand that certain weaknesses were present in our pilot study; 

namely, a reliance on students, a large deviation in flight experience, and the use of displays with 

which some pilots may have been unfamiliar.   

This work has shown that KSA of pilot participants regarding I-LOC are less than adequate. 

This sobering finding, if found to be true for the entire pilot population, may also be a source of 

optimism for aviation stakeholders, as it suggests that immediate intervention is feasible and can 

potentially prevent future I-LOC events. Research must be done to understand what we have the 

means to immediately improve to prevent I-LOC. Then automation and other interventions should 

be attempted with a priori understanding of the problem. Further, future research may benefit from 

performing an actual simulation of an I-LOC event, as this would be helpful as a way to correlate 

KSA with good or poor avoidance and recovery abilities. 
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Technological State of the Art 

In order to understand and contextualize the present problem and the related state of the 

art, the state of the art in the most prolific aircraft used in commercial aviation will be considered. 

The representative worldwide aircraft fleet used for this regard is Boeing and Airbus aircraft. Each 

corresponding fleet technological capability for preventing or recovering from an I-LOC due to 

exceedance of critical AOA will be considered. A comparison of solutions available in today’s 

cockpits are summarized in Table 4. 

TABLE 3: RELEVANT I-LOC RECOVERY CAPABILITIES BY MANUFACTURER 

 AOA Ind. Alpha Prot. 
FD Recovery 

Guidance 

Airbus No Yes No 

Boeing Optional No No 

 

Airbus Aircraft 

Airbus aircraft have hard protections that prevent the pilot from exceeding an undesirable 

AOA value. Today’s Airbus aircraft prevent the pilot from entering into an undesirable aircraft 

state. This protection is known as flight laws. There are three basic flight laws, Normal, Alternate 

and Direct (Briere & Traverse, 1993). Concerning protection from excessive AOA, Normal Flight 

Law switches elevator control so that side stick deflection is proportional to AOA. Upon nearing 

the critical AOA, αmax protection prevents the pilot from stalling the aircraft by introducing a 

pitch command to reduce AOA.  
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Limitations 

No doubt, these remarkable means of protecting the aircraft from an undesirable aircraft 

state have averted many disasters. However, degraded states of automation have left aircrews 

without this protection (Kun, Lixin, & Xiangsheng, 2011). A loss of redundancy systems and/or 

air data and reference units can degrade protections, such as protections from high AOA. The 

result is that a pilot has a task of reducing AOA without sufficient cognitive function resources 

to effectively carry out the activity (Boy, 1998a). However, it should be noted that the problem 

to be solved here is not building additional automated resources; rather, attention must be paid to 

when the role of the cognitive function must be transferred from the Electronic Flight Control 

System (EFCS) to the human. Without sufficient rationale and subsequent engineering efforts, 

pilots are faced with a degraded EFCS, and by consequence a degraded flight law state. They are 

thrust into a situation where their roles are not clearly defined relative to a well-defined a priori 

cognitive function. Further, not every aircraft state can be anticipated and it is necessary to 

provide a means for automation to be supported by human intelligence, authority, and autonomy. 

For example, a perturbation of aircraft state due to an environmental or internal disruption can 

result in constraints that exceed the algorithmic reasoning present in the EFCS system 

architecture. 

Boeing Aircraft 

On the vast majority of operational Boeing aircraft, the issue of I-LOC is somewhat 

different. As aircraft like the 737 do not have an EFCS, the problem of protection from an I-LOC 

event is primarily addressed by aircrew training and requisite displays. It is in this sense that the 

cognitive function (Boy, 1998a) that transforms the critical AOA avoidance and/or recovery task 

into an activity must be supported by appropriate resources that are mapped to the appropriate role. 

Recently, Boeing has made an AOA display an option on some aircraft (figure 18).  
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FIGURE 18: BOEING OPTIONAL AOA (IMAGE REPRODUCED FROM AERO RETRIEVED ON 

11/24/2014 

HTTP://WWW.BOEING.COM/COMMERCIAL/AEROMAGAZINE/AERO_12/ATTACK_FIG12.HTML). 

Additionally, there exists a Pitch Limit Indicator (PLI) (figure 19). The PLI offers a 

representation of the difference between the AOA of the aircraft and the stall AOA as represented 

by pitch. 

Limitations 

The major limitation to this instrument is that it is limited to 30 of pitch. Further, the 

representation of the pitch does not seem to offer a course of action; instead, it represents an 

increase in situation awareness. That is, it offers the means by which the pilot can perceive the 

state of the PLI and the state of the aircraft, integrate it into existing mental representations in 

order to extract meaning (comprehension), and project the future state of the aircraft (Endsley, 

1995)  
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FIGURE 19: BOEING PITCH LIMIT INDICATOR (RETRIEVED ON 11/24/14) FROM 

HTTP://WWW.BOEING.COM/COMMERCIAL/AEROMAGAZINE/AERO_12/ATTACK_FIG11.HTML). 

Important State of Art Considerations 

Perhaps, one of the most notable aspects of aviation technological practice is that great 

advancements have been made in general aviation and business aircraft flight deck design that surpass what 

is commonly employed in commercial FAR 121 operations.  Therefore, it appropriate to consider some of 

the applicable technological offerings as they relate to guidance for a pilot during an ILOC event.  

Ecological Flight Path Representation 

Human-centered technology, such as synthetic vison system (SVS), has been leveraged to improve 

a pilot’s situation awareness (Figure 20). A notable feature of Honeywell’s SmartView™ Synthetic Vision 

System related to the cognitive countermeasures that are employed in TRS is its decluttering of terrain during 

an unusual attitude; the purpose for this is to facilitate pilot focus on the critical task at hand (Honeywell, 

2009).  Systems such as these offer the adaptability of the pilot cognitive response to various flight context. 

Additionally, like TRS, performance based symbology is centralized to in accordance with the Proximity 

Capability Principle (Wickens, Hollands, Banbury, & Parasuraman, 2015). 

http://www.boeing.com/commercial/aeromagazine/aero_12/attack_fig11.html
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Broadly, these and other technological innovations aim to increase a pilot’s situation awareness. 

That is, the more that appropriate information can be presented to the pilot for perception, comprehension, 

and projection of the aircraft as it relates to its operating context, the more appropriate aeronautical decision 

making and resulting actions will be facilitated. Obviously, the larger consideration arises in regard to the 

issue of too much information being presented (Kasdaglis & Deaton, 2012); and the corollary question— 

will the presentation of information necessarily result in its use? Or, is special attention required to assure the 

its use; Kasdaglis (2013) argues for requisite attention to the latter in his “access to and use of information 

principle”.   

Use of information presented can provide cues for what can be done in the world; this is known as 

an affordance (Gibson, 1977; Norman, 2002). The use of an affordance through an ecological display can 

facilitate improved situation awareness that is directly links environmental cues to an appropriate user action 

(Vicente & Rasmussen, 1992; Vicente, 2002; Burns & Hajdukiewicz, 2004). Thus, the use of terrain, other 

relevant environmental cues, and key performance parameters in Honeywell’s SmartView™ seeks to suggest 

appropriate user action. Moreover, displays of this type seek to draws the pilot’s mental model away from 

abstract performance data that must be integrated to construct a model of an aircraft’s flight path— and 

instead, this type of display aims to integrate aerodynamic and environmental data in order to construct a 

directly perceivable (and actionable) representation of the aircraft’s flight path. This is an important 

technological innovation as it relates to I-LOC, as representation of an aircraft’s flight path as it relates to the 

aircraft attitudinal orientation to the earth more closely closes the perception-action gap during an exceedance 

of critical angle of attack event.  
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FIGURE 20: HONEYWELL’S SMARTVIEW™ SYNTHETIC VISION SYSTEM  

AOA Value and Explicit Cueing 

As already noted, AOA values can be offered explicitly through the use of an AOA indicator, 

implicitly through the use of the artificial horizon and a PLI or flight path representation. Most aircraft today 

offer an auditory, visual, and/or tactile alert with the exceedance of the critical AOA. Additionally, stick 

pushers have been developed and used since the early 1960’s; for example, for decades British Aerospace’s 

Hawker Siddeley’s Trident and the HS-125 (Hawker Business Jet Series- later Raytheon) utilized a hydraulic 

system which would port fluid to introduce 50lbs of forward pressure to the control column to aid the pilot 

in recovering from a deep stall. Fly-by-wire (FBW) technology developed today are also making use of stick 

pusher principles. The recently developed active side stick controller by BAE Systems, with its launch 
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customer Gulfstream Aircraft Company for the G500 and 600 business aircraft, offers “soft stops” to pilots 

to alert a pilot of approaching aerodynamic limits (figure 21) (Warwick, 2015). This advanced system 

functionally offers tactile alerting, and cueing for appropriate pilot response with an AOA impeding limits.  

Substantial efforts have been made to leverage technology in order to aid a pilot’s situation 

awareness and their subsequent use of that information. Therefore, an integrated approach to I-LOC 

mitigation may benefit from the integration of present state of the art technologies with the TRS approach. 

 

FIGURE 21: GULFSTREAM’S ACTIVE SIDE-STICK CONTROLLER (IMAGE REPRODUCED 

FROM AVIATION WEEK, JANUARY 5, 2015) 
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Part II: A Human-Centered Design 

Application Framework 
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Chapter 4: Cognitive Engineering for an 

I-LOC-S Solution 

This chapter will help the reader to understand the design rationale involved in the TRS. The macro 

ergonomics involved in the design are discussed. These include a model for multi-agents action in various 

contexts. The concept of system state awareness is introduced and described. The case is made that access 

to information does not necessarily mean use of it. Therefore, the task of HCD in this project is used to 

facilitate collaborative work between the TRS and the pilot. 

Additionally, the results of a survey of 33 professional pilots in regard to their understanding of the use of 

AOA displays, and the desirability of the TRS like display is presented. It is reported here that pilots do 

desire a TRS type display for I-LOC situations. 
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General Considerations on I-LOC Recovery Task and 

Visualization 

In 2010, the NTSB noted in the accident report for a regional airliner, Colgan 3047, that “a fully 

developed stall is an unplanned, emergency situation in which the airplane’s nose must be pushed down to 

reduce the AOA” (NTSB, 2010, pg. 127). Yet remarkably, most commercial aircraft do not have a way for 

the pilot to directly view the AOA. As already mentioned, an aircraft can stall at any altitude or airspeed. Yet 

in today’s aircraft, pilots are only presented display information primarily for the avoidance of a stall based 

on airspeed. Finding number 8 in the Colgan accident report illuminates that the necessary information for 

the prevention of the stall task was available—this information would require a mental integration of the 

individual cues. It is in this sense that the information offered (although in combination with a priori training, 

would likely activate a posterior mental impetus to act to correct the situation) was primarily for evaluation. 

Yet, as will be further expounded upon, the requisite information for appropriate recovery inputs, the 

execution of inputs to aircraft effectors to produce sufficient reduction of AOA called for by the NTSB was 

not present: 

“Explicit cues associated with the impending stick shaker onset, including the decreasing margin 

between indicated airspeed and the low-speed cue, the airspeed trend vector pointing downward into the low-

speed cue, the changing color of the numbers on the airplane’s indicated airspeed display, and the airplane’s 

excessive  nose-up pitch attitude, were presented on the flight instruments with adequate time for the pilots 

to initiate corrective action, but neither pilot responded to the presence of these cues.” (NTSB, 2010). 

This problem was also noted in the 2009 crash of Air France 447; yet in this case, the accident report 

made explicit the need for pilots to have access to AOA information: 



59 

 

“The crew never formally identified the stall situation. Information on angle of attack is not directly 

accessible to pilots. The angle of attack in cruise is close to the stall warning trigger angle of attack in a law 

other than normal law. Under these conditions, manual handling can bring the aeroplane to high angles of 

attack such as those encountered during the event. It is essential in order to ensure flight safety to reduce the 

angle of attack when a stall is imminent. Only a direct readout of the angle of attack could enable crews to 

rapidly identify the aerodynamic situation of the aeroplane and take the actions that may be required. 

Consequently, the BEA recommends: that EASA and the FAA evaluate the relevance of requiring the 

presence of an angle of attack indicator directly accessible to pilots on board aeroplanes” (BEA, 2012, pg. 

205). 

Design rationale is often linked to operational history of a system, product or service. That is, these 

artifacts do not develop in a vacuum but are a product of maturity—in this case organizational maturity. This 

is not unlike the use of airbags by industry. Although developed and commercialized in the early 1970s, 

airbags eventually failed to be used in most cars until the early 1990s. Why? The answer is found in maturity 

of the culture towards the use of airbags. This includes regulatory, consumer, and manufacturer, all becoming 

convinced that this artifact was not optional, but essential.   

Yet this movement of an organization to action and change requires that there is a known and 

annunciated history. In fact, I propose that, regarding the design or improvement of a product, process, or 

service—an increase in organizational memory results in more clearly articulated design imperatives.  

This is certainly the case regarding the two accidents reviewed above; and it is the aim of this present 

work. This work links these recent accidents to sound design rationale, thus offering an actual solution for 

visualization. In the case of AOA information, there have been recommendations by the NTSB to require the 

installation of AOA information in aircraft (NTSB, 2010). 

Moreover, beyond an examination of seminal elements in an aircraft accident to suggest design 

improvements, there exist a positivist approach that should also be leveraged. Namely, design requirements 

can be generated from knowledge elicitation from expert users. This is the case for TRS—this writer’s years 
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of aviation expertise were leveraged to provide expert intuition to the system requirements. That is, expert 

knowledge of the recovery task when practiced by a designer allowed efficient knowledge elicitation of 

implicit recovery factors; namely, that during confusing flight regimes with time critical requirements for 

appropriate action, it may be helpful to provide visual cues to the pilot. 

Validation Through Pilot Opinion  

In order to furtherly elicit TRS design rationale, in 2014, a survey of 33 mostly professional pilots 

with an average total flight time of 9436 was conducted to understand pilot’s opinions and understanding 

regarding I-LOC (Appendix C). This work was used to understand user information requirements. One 

assumed consequence of providing the information that pilots want is that situation awareness would be 

improved. Yet, Kasdaglis (2013) contends that even improved SA may not yield the desired behavioral results 

in performance; this is called the access to and use of principle. Offering access to information does not 

necessarily mean that it will be used. In the case of the AOA indicator and the PLI indicator, the results from 

survey participants found that many are unfamiliar with the use of this type of equipment. For example, 8 out 

of the 32 (25%) of the professional pilot respondents responded with a “disagree of neutral” to the claim that 

they completely understand how to use an AOA indicator (figure 22). This finding suggests that while 

attention is rightly paid to the area of increasing SA in pilots, attention must also be paid to the use of 

information. Does the information provided afford and signify the use (Norman, 2002)? 



61 

 

 

FIGURE 22:  A SURVEY OF PROFESSIONAL PILOTS REGARDING THEIR UNDERSTANDING 

OF THE USE OF AN AOA INDICATOR. 

As a professional pilot, I understood that a display alone would not be sufficient. A display for AOA 

had to provide guidance and direction. I thus came to this research with this hypothesis in mind. Yet the 

finding in figure 23 led to confirmation for continued direction of the effort to provide a flight director type 

guidance for I-LOC recovery. In fact, the survey mentioned also posed another statement to elicit desirability 

of this technology for a pilot. This survey question sought a measure of agreement for the statement: A flight 

director type display that activated and offered command guidance for a near or full I-LOC event would be 

a useful tool for prevention, avoidance, or recovery from an I-LOC event. The results indicated that such a 

feature would be desired by 87.5% of these professional pilots. Such a device would provide access to and 

use of information necessary for recovery from an I-LOC event.  
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FIGURE 23: PILOT DESIRABILITY OF AN I-LOC RECOVERY TYPE FLIGHT DIRECTOR. 

 

As the primary issue of this present endeavor is conceptualizing a human-centered recovery tool for 

I-LOC-S, attention must be given to various aspects of the problem. For example, consideration should be 

given to a) the recovery task, requisite information requirements, and how to best mediate this information; 

b) the context within which recovery takes place; c) the constraints that are imposed in this context; d) 

consideration of the task and information processing requirements; and e) functional allocations where there 

exist a priori requirements of deciding on role of the pilot. For example, if the pilot’s role is to have authority 

and autonomy, the question must be asked: Is situation awareness presented by an AOA (or lack thereof) or 

does a PLI offer the appropriate level of support?  Broadly, these questions are examined by a macro-

ergonomic approach.  
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The Task of I-LOC Recovery   

For TRS, basic principles for design of the display are required. The design of a display requires an 

understanding of the task and the corresponding information requirements. Then cognitive principles for 

display may be applied (figure 24). The task analysis helps the question “What is this display to be used for?” 

to be answered. It is important to recall that the issue of authority and autonomy must have already been 

addressed. Further, information must support the task—information must be offered in sufficient quantity to 

meet the requirements (Kasdaglis, 2013). Finally, display principles based upon foundational cognitive 

knowledge can be then be applied (Wickens, 1992; Wickens, 2003). The task and information analysis that 

has already been presented suggest design choices that will be explained in the next chapter. Additionally, 

the multi-agent model for cognitive control forms the basis for understanding the cognitive principles 

considered in the design of the display— particularly as it relates to discriminability and action. This helps 

articulate the rationale employed in design choices for TRS that facilitate joint cognitive system operations.  

 

FIGURE 24: BASIC DISPLAY DESIGN PRINCIPLES. 
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The Airplane Upset Recovery Training Aid (URIT, 2008) states, “to recover from a stall, angle of 

attack must be reduced below the stalling angle—apply nose down pitch control and maintain it until stall 

recovery.” Although the statement to apply nose down pitch provides the mechanism to reduce AOA, it is 

problematic is left ambiguous:  

How much nose down pitch?  

What if the aircraft is in bank?  

What if a potential energy boundary (terrain) conflicts with this task?   

These three problems, while identifying a gulf between pilot (user) and aircraft (artifact) for 

evaluation and execution of the task of recovery (Norman, 2002), also provide an opportunity for HCD 

innovation. The prescribed task can be linked to an interface in such a way that provides an affordable 

interactive object to be developed. Boy (1998) has developed a method to accomplish this task: the cognitive 

function analysis has been offered to provide the means to link technical design requirements to 

corresponding artifact functions. The result in eliciting cognitive functions is that it makes possible the design 

of an artifact that does not require reference to technical documentation for action. Instead, the object itself 

supports cooperation because interaction is mediated in such a way that what must be done, how it must be 

done, and who must do it is explicit. The gulf of evaluation and execution can be closed.   

Figure 25 represents the basic tasks that must be performed for recovery from an I-LOC or unusual 

attitude event. These six steps can be analyzed as cognitive functions. A CFA examines the task prescribed 

and attempts to understand what the actual pilot behavior would be in a particular context given a set of 

resources. Noteworthy is the disengagement of the autopilot/auto throttles in the second step. Obviously this 

automation is unable to handle the task of recovery, yet it is the opinion of this writer that the complete 

removal of automation may not be helpful (I am speaking in the sense of the design of the automation). 

Conceptualization of human-technological cooperation/collaboration has unfortunately been plagued with a 
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“automation stops here and human starts here” mentality. This dichotomy, with its hard boundaries, has 

become a lasting ethos, which constrains future human-centric technology development.  

 

FIGURE 25: BASIC STALL RECOVERY PROCEDURE. 

For the illustrative purposes of this effort, it is helpful to examine the third step (figure 26).  This is 

a prescribed task that must be understood thoroughly—this requires that the tacit be made explicit. A 

cognitive function analysis can help. By defining the context, the resources, and the role, we can anticipate 

the activity produced that will emerge; also, we can use simulations to gather empirical data of work actually 

done and compare it to the prescribed task (this was performed in will be reported later in this volume).  

 

FIGURE 26: THIRD STEP OF RECOVERY PROCEDURE. 
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This analysis also offers guidance for the design of the display. We can solve for the missing parts 

of the function given a behavior is observed; additionally, we can seek pilot’s opinion of what they are using 

or wish they could use for resources. In either case, a function analysis makes clear that given a particular 

role (or goal of a function), certain information requirements and cognitive principles exist. This analysis 

need not be only descriptive, but it also can represent a dynamic presentation of the transformation. This 

dynamic space can be modeled utilizing interaction blocks (Iblock) (Boy, 2011; Boy, 1998).  

Context for I-LOC-S Recovery Interactions 

Environmental constraints occur because of the relationship of elements in a dynamic system. What 

we are primarily concerned with is interactions and the consequences of those interactions upon the state of 

the system, its continuing processes, and the system’s fulfillment of its purpose. Purposeful outcome suggest 

that the system must display anti-entropic properties in order to facilitate the purpose of the joint-cognitive 

system (Hollnagel & Woods, 2005a). That is, the system must exhibit adequate control of its state through 

organization of its elements. Yet control of a system refers to dynamic context—this must be considered. 

Interaction blocks provide a means to formally describe human action, context patterns of the 

situation, trigger preconditions, and the purpose of the interaction (figure 30). Additionally, Iblock provides 

the means to make explicit context patterns that are not appropriate for particular actions. For example, in 

the case of an abnormal situation or emergency, context patterns for these situations are defined and the 

designer is able to ensure that appropriate actions are rationalized and provided for the user in this abnormal 

context. This tool is also helpful in that it offers the means to understand the resources that must be provided 

to the user in these novel contexts (figure 27). 
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FIGURE 27: BOY’S INTERACTION BLOCKS. 

In chapter 2, we considered the functions necessary to safe and efficient flight—energy management 

and lift production. We found that, although related, energy management and lift production have different 

task requirements, processes, and sub purposes. For example, in nominal flight the pilot can introduce energy 

into aircraft system through advancement of the throttles, thereby increasing engine output. This increased 

thrust must counter drag imposed upon the aircraft. Additionally, it was shown that the elevator could be 

used to affect a redistribution of energy from the aircraft’s potential or kinetic energy reservoir. Conversely, 

the task of stall recovery requires sufficient elevator nose-down pressure to facilitate reapplication of smooth 

airflow over the wing. Without this positive action by the pilot, the elevator is ineffective to redistribute 

energy. In this sense, its sole use is to affect a longitudinal change along the aircraft’s pitch access. Thus, the 

task of design includes the explicit description of each context. Functionally, these contexts interact with one 

another and therefore the design process must account for this interaction. The purpose here, of course, is 

that this formalization will offer sound design rationale for a proposed I-LOC-S tool.  

Following the formalism presented by Boy (1998) for the construction of interaction blocks, figure 

35 describes an aircraft that has been instructed to hold at a particular point. A “hold” is a practice employed 

by ATC to delay the arrival of an aircraft into the approach area—an aircraft is instructed to enter and 
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continuously complete an oval pattern until further instructed. Generally, a hold in the terminal area is below 

10,000 feet. The pilot initially sets pitch and power in order to climb, to send, or maintain a particular altitude 

of the hold. Upon entry into the hold, the pilot attempts to maintain a fuel-efficient speed (L/D max). Slight 

deviations from this speed require small adjustments.  

Suppose that, through inattention, the speed of the aircraft is allowed to deviate below stall speed. 

In this case, the aircraft has metaphorically sprung a massive “drag leak” (figure 28). The elevator must be 

used to close the leak. Redistribution of kinetic and potential energy and/or the introduction of thrust will not 

counteract the effects of the massive leak of drag. Application of nose-down elevator sufficient to reintroduce 

airflow over the wing is required. This action is called for in figure 29, the context “Stall in Terminal Area I-

Block”. However, to affect the process of reduction of AOA requires sufficient altitude for the aircraft to 

regain its lost energy. Thus, it is critical that the maneuver is composed of synchronized application of power 

introduction and elevator control in order to optimize for immediate restoration of lift to the wings of the 

aircraft, followed by expedient pullout of the ensuing dive. This action is called for in figure 29, in the context 

“Very Low Altitude in Terminal Area”. During this dive the increasing airspeed, or kinetic energy, must be 

treated for altitude potential energy.  
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FIGURE 28: AN AIRCRAFT IN A STALL
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FIGURE 29: I-BLOCKS OF NOMINAL STALL AND LOW ENERGY CONTEXT
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Macro-Ergonomic Rationale   

We will consider from the organizational design and management perspective a global analysis of 

what is required. This approach seeks to answer the question. Why is this tool to be created?   

Boy (1998) described the need for optimum system performance of safety critical human-machine 

systems. The goal being that the joint cognitive system produces reliable work (Hollnagel & Woods, 2005b).  

The foremost attribute of such a system is the ability to perceive, comprehend and project (Endsley, 1995), 

and recognize, anticipate, and adapt (Kasdaglis, Newton, & Lakhmani, 2014). This requires that the artifact, 

user, and task be integrated to support the accomplishment of the joint function. Specifically, for I-LOC-S, 

it means that the right person gets the right information at the right time (Kasdaglis & Deaton, 2012). This 

requires that any new proposal to address I-LOC-S be designed in such a way that provides for local 

ergonomics, interface consideration, organizational management definition of roles and responsibilities, and 

global ergonomics feedback for maturity of use.   

The macro-ergonomics perspective considers from the organizational design and management 

perspective a global analysis of what is required. I seek to approach the question—why is this tool to be 

created? I will then to document a traceable design rationale. I also seek to consider issues related to Human-

Computer Interaction (HCI), authority and autonomy, the task of I-LOC recovery, and the design of the 

intended display.  These issues are important as they speak directly to how the intended design will be used 

in various contexts. 

Human-Computer Interaction  

Central to the objectives of effective Human-Computer Interaction (HCI) design is the requirement 

for human desires, intentions, and actions to successfully traverse an interface (controls and displays) and 

inhabit and become one with the entities, logic, and programming of the computer. Yet this is not all. In 

effectively the same way, the entities, logic, and programming of the computer must traverse the interface 
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and inhabit the mind of the human (i.e. mental models, situation awareness, and expectancies). Thus the level 

of successful HCI is the product of a symbiotic relationship between human and machine—a shared mind.    

However, before a symbiotic relationship between a human and computer is nurtured, it is important 

to define the work domain in which the human and computer interact; moreover, it is critical that there is a 

clear understanding of the task as practiced. It has been proposed that there exist two basic models of work 

domains as they relate to human computer interactions. Vicente (1990) asserts that there exist two domains 

constraining human-computer interactions: domains that involve objective truth in a physical world; and 

domains that do not involve an objective truth in a physical world but rather involve truth by construct. The 

former, he describes as a correspondence-driven domain and the latter a coherence-driven domain. A 

correspondence-driven domain requires that the shared mind between the human and computer require 

faithful representations of the physical world, its principles, and processes (figure 30). Conversely, the 

coherence-driven domain must define the boundaries and rules of the work domain for effective work to be 

done (figure 31). Games, apps, and computer programs may not interact with the state of the world and 

therefore human-computer interactions are not constrained by it; thus, the imperative for the design of the 

interaction is that it facilitates mutual understanding or coherence between the human and computer. 

Automation in aviation, nuclear, medical, and defense require that an objective world be represented such 

that a human’s interactions are mediated according to what is permissible, efficient, safe, etc. in the physical 

world. It is in this case that the correspondence-driven work domain representations to its user corresponds 

faithfully to the physical world. 

I-LOC-S imposes upon the pilot aircraft system aerodynamic constraints and processes that cannot 

be altered. Therefore, successful interactions for recovery between the pilot and the aircraft should be 

facilitated. The pilot should be able to quickly discern what is possible, what can be done, and what must be 

done in the I-LOC-S event. With more sophistication in media and automation representations of the physical, 

processes and constraints have become more distanced from the user. Airline pilots are well familiar with the 

temptation to put their heads down to look at and program the Flight Management System (FMS) in order to 

perform a visual approach. When this phenomenon occurs in perfectly good weather, it suggests the 
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automation valiance that captivates in order to perform a task even if it (automation) is not required. Misuse 

and overreliance on automation is indeed a danger to safety-critical systems (Parasuraman & Riley, 1997) . 

This is especially true if automation is used to interpret the world rather than extend human functioning 

(Norman & Draper, 1986).   

 

FIGURE 30: CORRESPONDENCE DRIVEN WORK DOMAIN. 
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FIGURE 31: COHERENCE DRIVEN WORK DOMAIN. 

The purpose of representations and the construction models of the world is that these provide a 

means for appropriate action. Plainly, humans in today’s systems act upon information. Thus, information, 

its content and its mediated delivery must support appropriate action. Norman (2002) described that the 

challenge to the shared mind was two gulfs (figure 32). The gulf of evaluation spanned the distance between 

a human’s intentions and what must be done to interact with the world. Similarly, the gulf of evaluation 

indicates the distance between the state of the world and the human’s model of the world.     
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FIGURE 32: NORMAN’S TWO GULFS. 

Norman (2002) summarized a user’s interaction with system at the gulf of execution as two 

questions that are asked: “What can be done,” and “How do I work this? Additionally, two similar questions 

are asked at the cliffs that span the gulf of evaluation: “What happened,” and “Is that what I wanted?”  

Logically, the task of a designer with human-centered proclivities is to enable that these distances be closed 

in the design, so that the cognitive effort required to traverse the gaps is minimized.   

Coherence Representation in a Correspondence Work Domain 

As has already been asserted, the problem involved in representations becomes a bit more complex 

when the state of the world is different from the face of the interface. The interface functions as a mediator 

to action in the world. So an action such as reading a display, which describes the state world, has two hurdles 

to overcome and consider: 

Does the abstraction faithfully represent the actual world for success of the intended function?  

What is the effort required by the human to make sense of the abstraction?  
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Information Processing  

Information processing models, such as the Baddeley & Hitch (1974) model make clear that the 

design of this proposed I-LOC-S solution must take into account human processing limitations. Yet, 

Rasmussen’s (1983) conceptualization of information processing occurring along a hierarchy offers even 

more usefulness to this effort in that it ties information processing closely to behavior. However, in keeping 

with our desire to create a human-centered technology that is aligned with a specific purpose, namely multi-

agent collaboration for work, conjecture regarding what is occurring in the mind of the user has limited 

application. Rather, explicit and measurable interactions within the work system among system elements and 

agents provide a better means for analysis and elicitation of design requirements. In other words, information 

processing for joint cognitive systems is most concerned with outward interactions in regard to cognitive 

processes, rather than theoretical constructs of what may be occurring in the mind of the user. This is a 

consequence of the notion of cognitive functions (Boy, 1998), cognitive artifacts (Norman, 1986; Norman & 

Draper, 1986), and joint cognitive systems (Hollnagel & Woods 2005). 

System State Awareness  

Just as in the limitations of classical models of information processing, notions of internal human 

awareness are helpful to annunciate mental processes involved in today’s work domains (this no less true for 

the notion of situation awareness). However, they are insufficient in dynamic complex systems, as they may 

not explicitly take in account the multi-agency in an objective work (Kasdaglis et al., 2014).  

Awareness for action is required in a non-linear complex system. As shown in figure 33, the 

relationship between the coefficient of lift and AOA is non-linear—humans evaluating what must be done in 

non-linear environments may experience befuddlement; this is intuitively understood, if when one 

acknowledges that on the depicted coordinate plane there exist two values on the x axis for a given y.  
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FIGURE 33: NON-LINEAR WORK DOMAIN 

Functionally, this means that a pilot must determine the state of an aircraft in a nonlinear 

environment; there could be two or more solutions to this discernment task. Perception of subtle stimuli, 

comprehension to the right preexisting schema, and projection of the future state as offered by Endsley (1995) 

may be impalpable for this domain and task. Instead, Kasdaglis, Newton, and Lakamani (2014) offered the 

concept of System State Awareness (SSA) to provide pilots a prescriptive concept for nonlinear dynamic 

systems. The essentials of SSA are recognition of system states, anticipation of corresponding state behavior, 

and adaption of system goals to accessible states. This concept is helpful to the design of a recovery system 

in that it implies that awareness of the situation may be insufficient to prompt proper action; and that what is 

required is knowledge of the system state in the world for action. Thus, if SSA is applied in design—in the 

task of recognition, the connections are facilitated to fulfill the heart of the SSA—decisive and appropriate 

action rather than discernment. The tool proposed in this work utilizes the principle of SSA. 

However, SSA does not discard human perception and action nor the concept of situation awareness. 

Indeed, the concept of human perception and action forms the basis for a multi-agent model of the same. 

Perception and action is best perceived as a dynamic process (Neisser, 1976) . Models of this process can be 

used to conceptualize a single agent’s interaction and control of the system with an environment.  An agent’s 
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efforts to affect change in their world is the iterative result of the entities sampling and cognitive 

representation of its environment. It is helpful to note that the purpose for such sampling, representation and 

action is to control the agent’s world. Overall, this process can be understood to describe cognitive control. 

The agent will form schema loosely or firmly, possess information that is certain or uncertain, and hold 

intentions that are founded in feedback or feedforward mechanism of information processing (figure 34). 

TRS attempts to demonstrate how cognitive control can be facilitated in a multi-agent fashion—this will be 

discussed later in this volume.  

 

FIGURE 34: SINGLE AGENT COGNITIVE CONTROL MODEL. 

REPRESENTATIONS OF THE WORLD FOR APPROPRIATE ACTION 

This requires additional clarification, as it directly relates to how systems of today will mediate 

evaluation of an objective world, and one’s consequential action. Implicit is the notion of representations—

I may perfectly represent the applicable parts of the world in a representation, yet in a high temporal demand 

context, is there sufficient time to close the distance of understanding between the display and the human? 

So then, in actuality there appears to be two gulfs that must be traversed in the representation of the world 
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for their evaluation of it and two involved in execution (figure 35). The pertinent state of the world for 

elevation and action must be gathered, abstracted, and represented. Likewise, the effector input of the human 

must be translated into a representation and then allow to affect a change in the state of the world. This is a 

consequence of the requisite information processing in the correspondence work domain (Vicente, 1990). 

However, this does not mean that the virtues of the coherence work domain representation requirements be 

discarded. That is, even the principles and processes that must be imparted to the human for appropriate 

action can be adjusted so that human evaluation and action is appropriately constrained and facilitated by 

imposed constructs. This is appropriate as long as those constructs fulfill work purpose within the bounds of 

what the physical world requires. For example, augmented reality applications faithfully represent the 

physical world, while superimposing cues for appropriate action. These cues can impose artificial 

visualizations, constraints, and affordances that may be more restrictive than what the physical world 

normally represents. Thus constructs and imposed rules of how to interact with the world, as long as they 

represent the world’s principles and process can be utilized.  

 

FIGURE 35: MODEL FOR MIXING REPRESENTATIONS FOR CORRESPONDENCE AND 

COHERENCE.  
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Authority and Autonomy   

Yet is this all? Naturally imposing artificial constructs on an object world means that an agent holds 

some authority and autonomy in the system.  Consider the work of this present effort to design an interactive 

media to aid in pilot recovery from an I-LOC-S event. There are two issues at hand: closing the gap of 

evaluation and closing the gap of execution. If it is assumed that the pilot will maintain authority of the 

aircraft, there logically has to be some type of media by which the gulf of execution is closed in order for the 

pilot’s intention to become an input that affects a recovery. Here it is important to consider issues related to 

control, execution, and manipulation of the interface to affect the systems state in the world. Yet does this 

mean that autonomy of the pilot from aircraft automation is desirable?  The system, while not having 

authority to make a control input for recovery, may still be able to provide automation of some type to support 

the pilot’s recovery. This may seem like an obvious statement; but it is not.   

Consider the “AUTOS pyramid” (figure 36). The use of an artifact is impacted by the situation, 

organization, user, and task. Thus, in aviation, the pull of these demands during some context often result in 

the shunning of automation and the increased pressure for the pilot to act with complete authority and 

autonomy. Many in the operational and design areas of aviation have an implicit and sometimes explicit 

belief when all else fails shut off the automation and take authority of the aircraft. Consider the Code of 

Federal Regulation 14, 91.3 that deals with the issues of authority and autonomy:  

“Responsibility and authority of the pilot in command... The pilot in command of an aircraft is 

directly responsible for, and is the final authority as to, the operation of that aircraft. In an in-flight emergency 

requiring immediate action, the pilot in command may deviate from any rule of this part to the extent required 

to meet that emergency.”  

The pilot is declared, in this regulation, to be the complete authority; additionally, it offers the pilot 

complete autonomy from any existing structure in the event of an emergency.  In the late 1990s, a popular 

video on automation in the cockpit was produced by an American Airlines safety expert. The video was all 

about “click, click, click”—if needed in an emergency, shut off the automation with three clicks. No doubt, 
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this was connected to American 965 (Ladkin, 1996) and other occurrences labeled automation surprises 

(Sarter et al., 1997). When, at the close of the decade, an Air France A330 plunged into the ocean, where was 

the automation? In actuality, the automation degraded; it “shed” from “normal” to: alternate, to “direct law”. 

This had been a reversion design decision in the software logic of the automation. In the event of certain 

situations, false or missing signals, the automation would automatically degrade to the point that the pilots 

would have complete authority and autonomy.   

 

FIGURE 36: AUTOS PYRAMID (IMAGE REPRODUCED FROM LECTURE SLIDES IN 

COGNITIVE MODELLING II/HCD 6830 BY GUY A. BOY). 

The obvious point here is, in design practice of an I-LOC-S system, authority and autonomy must 

be dealt with. Furthermore, a design solution must explicitly define the level of autonomy and authority that 

is placed in this context. From this will branch other issues as well. Although designers and organizations 

(stakeholders such as FAA Operators, manufacturers) will determine the path that this decision will take, it 

must be primarily taken from the human centered perspective. Figure 37 provides a rationalization of this 

process of considering autonomy and authority design and organizational choices through depiction. 
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FIGURE 37:  I-LOC CHALLENGE FOR AUTHORITY AND AUTONOMY. 

Thus, although thoroughly grounded in the ethos of this domain—that a pilot must have full 

authority and autonomy, consideration for authority and autonomy is required to produce the most effective 

I-LOC-S recovery system. Treatment of this topic falls in both the organizational design and management 

domain and the advanced interaction media domain—how information about the world and what can be done 

in the world is represented to the pilot. Here, we introduced the topic of authority and autonomy to bring to 

the foreground that any visualization must have an a priori rationale of roles and responsibilities. This 

rationale will dictate the type of display to be designed.   
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Cognitive Captivity, Countermeasures, and Prosthetics  

What are the human limitations in aviation, particularly regarding the risk of CFIT and I-LOC? It 

has been reported that humans are susceptible the preservation syndrome (Dehais, Tessier, & Chaudron, 

2003; Dehais, Tessier, Christophe, & Reuzeau, 2010). This is the increasing difficulty humans have in 

releasing a goal due to the amount of effort that has preceded reaching that goal. This behavior has been 

observed in CFIT accident reports such as Eastern 401; where a crew became captivated with fixing a faulty 

light bulb; or in the case of American 965, where the crew became entranced in finding a waypoint that they 

had already passed (Ladkin, 1996). This is also true most recently for the I-LOC accident of Air France 447 

(BEA, 2012), where the crew members became so captivated by erroneous airspeed indications that they 

neglected to use basic airmanship skills to recover from a stalled condition. Thus, researchers suggest use of 

cognitive countermeasures and prosthetics (Dehais et al., 2003; Dehais et al., 2010). These cognitive 

countermeasures can be used to release the operator from fixation and confirmation bias. In the case of 

aviation, a pilot who is captivated by an erroneous airspeed indication can be released from attempting to 

solve the airspeed dilemma by moving throttles for an aft (jockeying) by removal of all airspeed data by an 

executive system controller. Then a cognitive prosthetic can be deployed to command orientate the pilot to 

the immediate safe action and to allow the pilot to become reoriented to the true system state and peril. This 

use of countermeasures and prosthetics seems consistent with the work of Rasmussen (1983) knowledge, 

skills, and rules.  

When an off normal event startles a pilot, the likely behavior of the pilot will be to seek answers. A 

wrong hypothesis may be reached which when acted upon will create an unanticipated result, further causing 

the pilot to enter into a knowledge level expedition for a solution. This in-depth process is not helpful during 

an impending encounter with the ground. The skill level is also not accessible for there is not skill that has 

been developed for this novel situation. The remaining level is rule-based action. This is where a cognitive 

prosthetic can be employed to act as a life preserver amidst the crisis— “grab this device, hold on and you 

will be safe”. An imperative simply needs to be complied with. Skill and knowledge have been abandoned 

in favor of a rule.   
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There are obvious weaknesses in human performance and completion of tasks in some context. Thus 

the assignment of roles, or function allocation, can offer solutions to this problem. A broader and more 

general theoretical foundation must first be laid however and that is levels of authority (Boy, 2011).  Boy 

explains the importance of flexibility of authority during an off-normal event:  

Off-nominal situations are infrequent, but have a tremendous impact when they do occur. They 

typically induce dynamic function allocation:  appropriate agents will have to be aware of the situation change 

(resulting in a different common frame of reference, or music theory and style if we take the Orchestra 

metaphor), contracts will have to be redefined and coordinated (composer role), and consequent operations 

will have to coordinated (conductor role)(Boy, 2013 p. 24). 

It is with this in mind, that it is intended to demonstrate the use of countermeasures being utilized 

in a way that makes the artificial agent the supervisor temporarily; then the prosthetic being introduced that 

makes transitions the level of authority somewhere between mediation and cooperation by mutual 

understanding (Boy, 2013).   

Discriminability and Criteria 

The purpose of successful HCD is to enable appropriate actions by agents within the system. Agents 

in the system require sufficient information by which to discern context and direct their attention to the 

environment. Thus, collaborative agency within a complex system should include collaborative work to 

facilitate appropriate agent’s involvement in situation assessment, context discriminability, and the 

enforcement of criterions. Thus, cognitive control for multi-agent systems has been modeled and is offered 

in figure 38. 
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FIGURE 38: MULTI-AGENT MODEL FOR COGNITIVE CONTROL. 

This model can be used to articulate the design rationale involved in the development of TRS. The 

pilot and TRS would sample the environment, and adapt authority and autonomy responses based upon the 

certainty of information that is sampled, thus influencing the structure of the schema that is formed. These 

processes would facilitate appropriate feedback or feedforward action to affect the state of the pilot-aircraft 

system. 

This concept is particularly important as it relates to the multi-agent system ability to discern 

aerodynamic nonlinearities present that may affect the safety and efficiency of the flight. Simply, where the 

pilot may not be able to perceive approaching danger, or the need for immediate and positive recovery action, 

the TRS agent directs the attention of the pilot to the state of the aircraft and what must be done to affect a 

change. Perception and action requires facilitation of discrimination and explicit use of a boundary that 

demands action. 
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Design Rationale for TRS 

The macro-level TRS design rationale using the Questions, Options and Criteria method (MacLean, 

Young, Bellotti, & Moran, 1991) is presented in figure 3, with insets A, B, C on figures 40-42 respectively. 

Two major questions were considered. How should AOA be represented for the recovery task? And, how 

can functional allocation be organized?  

 

FIGURE 39: QOC OVERVIEW 
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AOA Representation QOC 

As showed in figure 40 below, the first question is related to the recovery task and addresses the 

necessity of displaying AOA information to the pilot. Based on main AOA current state of the art, two design 

options are identified for displaying AOA information to the pilot. The first design option is aligned with the 

full automation of flight envelope protections, as stipulated by Airbus. The second design option proposes to 

make explicit the representation of AOA information.
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FIGURE 40:  NECESSITY OF AOA INFORMATION QOC (INSET A)  

Regardless of automation of flight envelope protection, the pilot’s recovery task from a stalled 

condition requires explicit representation of the aircraft’s flight path and its relation to AOA.  

Following this criterion, as showed in figure 41, the question of how to display AOA related to the 

recovery task is analyzed. The three design options provided for this question tackle perceptual and cognitive 

requirements. Since the common criterion stipulates that quick and accurate actions, especially during pilot 

disorientation, need to be made available in time-compressed contexts, while preventing cognitive tunneling, 

the third design option seemed to be the most appropriate. Therefore, we focused the TRS design following 

TRS representations as affordant as possible, and furthermore, as validated with an expert flight-test pilot 
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(Pinet, 2016; personal communications), actions that are as close as possible to the skill level, according to 

Rasmussen’s definition. 

 

FIGURE 41: THE DISPLAY OF AOA INFORMATION QOC (INSET B) 

Finally, various HCI principles can aid information assimilation and processing. The next QOC 

analysis sought answer the question which HCI principles can be utilized in the TRS design to support pilot 

perception of AOA information for appropriate recovery. In order to fulfill the requirements of operation of 

a complex dynamic system with varied states, interactive complexity several HCI principles were employed 

(Ashby, 1958); these were discussed in the prior section. Based upon this criterion, all of the options were 

selected (figure 42).  
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FIGURE 42: HCI COGNITIVE PRINCIPLES QOC (INSET C) 

QOC for Human-Automation Teaming (HAT) 

This design rationale considers the rationale that is required for the agent that is the best for having 

authority and accountability. Through this method, an option for adaptive automation offering guidance 

support to the pilot was selected.  Although not a part of this work, TRS could be integrated with EGPWS 

and TCAS to honor of all energy boundaries of the aircraft. The aforementioned QOC process was started 

with the question and then subsequently answered. 

A modified QOC was utilized that— while examining fundamental design questions, options, and 

criteria, provided an addition systematic analysis through weighting of HCD criteria, namely:  feasibility, 

viability, usability, and desirability. These weighting were assigned subjectively by this researcher on a scale 

that began with 1 (lowest and ended at 5 (highest). 
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How Should I-LOC-S Mitigation Be Addressed? 

The initial query that was introduced in the QOC analysis (HAT) was consideration of how the 

problem of I-LOC should be approached. The result of this analysis would influence subsequent design 

options. Three options were generated in view of the current state of the art: a) an organizational approach 

– that is training, and regulatory and policy constraints; b) a preventative approach— such as through flight 

laws and warnings; and c) a recovery approach— such as that which is employed by the proposed TRS 

system. The criterion was based upon consideration of a novel approach in light of the persistent I-LOC 

accident statistics. Due to a seeming dearth of I-LOC-S recovery support to the pilot— the recovery approach 

was validated.   

What Type of Interaction Between Human and Automation? 

The next QOC “Options” were offered to understand what model of interaction would facilitate 

quick recovery response from an I-LOC event. The three options as in Boy (1998): a) supervisory, that is the 

human or automation who take on the role of supervisor; meditated with a common presentation (due to a 

common understanding of the context); and c) cooperation by mutual understanding (authority sharing) 

within various context.  

Option “Cooperation by Mutual Understanding” was selected due to the criteria for dynamic 

function allocation of the agent that is most likely to be correct in an I-LOC-S event. The rationale here is 

that in ill-defined context human and autonomous agents may construct a different schema of the world, 

make incongruent assumptions, and consequentially make different determinations of what must be done in 

the world. The assumption is that one would be correct in its determinations and the other wrong.  It is felt 

that the complex interaction of the goal space to decrease AOA and achieve traffic and terrain avoidance may 

exceed a human agent’s cognitive capability, as there may exist a state where no action is possible that will 

achieve all parameter requirements (Brill Jr, Flach, Hopkins, & Ranjithan, 1990). The logical solution in this 

case is to offer a way out before entering a “no-win” state; this would presuppose an automation that exceeds 

human projection capability. Such a tool would be required that could “look ahead” through rapid simulation 
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and computation to possible future states of the world— such models have been employed with the TCAS 

systems (Kochenderfer, M. Edwards, Espindle, Kuchar, & Griffith, 2010).   

QOC Summary 

The QOC method was employed to provide a rationale to validate the prior design ideation work of 

TRS. Yet limits to rationalization as a tool to validation exist. Thus, prototyping, and Human-In-The-Loop 

Simulation (HITLS) was necessary to answer the task-organizational questions, such as: “How will this 

organizational automation (e.g. automate recovery completely) be structured in an ILOC -S event? To 

implement HITLS, a design choice that could feasibly be implemented was chosen and tested- this is reported 

in the following chapters. The design choice for evaluation of TRS is that flight functions are allocated 

flexibly based upon the aerodynamic performance of the aircraft. Upon a trigger condition that indicates 

human or automation has entered a critical AOA regime—command guidance (pitch and power) will be 

displayed to reduce AOA.  The other design commitment that was made was the presentation of a target for 

guidance, and the full use of the cognitive countermeasures principle with the removal of airspeed, altitude, 

and vertical speed tapes.  The questions that arise from this design choice can hardly be rationalized due to 

the novelty of this display; instead HITLS is required.   

This chapter showed novel contributions for designing an ILOC-S solution that is the TRS. A model 

for cognitive control and multi-agent systems was articulated. These hopefully will contribute to the overall 

TRS proposal; that is, I-LOC-S recovery can be facilitated by collaborative work between human and 

artificial agents.  

The TRS design options were identified based upon: a) recommendations from accident 

investigations; b) pilot expertise (individual as well as group survey); c) theoretic approaches relevant for 

task analysis and human cognitive and perceptual requirements; d) two design rationale iterations for taking 

into account organizational, task-oriented and visualization design options for the TRS. These design options 

are going to be detailed in the next chapter. 
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Chapter 5: The TRS System  

In this chapter, the reader will be introduced to the TRS. This system is intended to provide 

recovery guidance to a pilot in the event of a fully stalled wing condition. It will provide visuospatial, 

temporal, and color-coded information to the pilot in a way that affords appropriate recovery 

action. Although the pilot maintains full authority throughout the recovery procedure, automation 

will provide constraints to the pilot’s information processing, and provide skill and rule-based cues 

for optimum pilot-aircraft system performance.  

The reader will be introduced to the visual representations of TRS, as well as the 

algorithmic calculations that animate the display. Additionally, a discussion concerning the 

prototype development of TRS is offered.  
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Overview 

TRS is intended to provide recovery guidance to a pilot in the event of a fully stalled wing 

condition. It will provide visuospatial, temporal, and color-coded information to the pilot in a way 

that affords appropriate recovery action. Although the pilot maintains full authority throughout the 

recovery procedure, automation will provide constraints to the pilot’s information processing, and 

provide skill and rule based cues for optimum pilot-aircraft system performance.  

Conceptual and Prototype Development 

Eventually, conceptualization must become tangible within a specific context. The process 

of prototyping is the means to fulfill this task. HCD is concerned with the creation of “human-

useful” tools. Implicit in this term is that this tool will be used within a specific context to fulfill a 

specific purpose. Moreover, the use of this tool will likely evolve and be adapted according to the 

user’s desires, needs, and intentions. Thus, it is imperative that conceptualization of the future tool 

is contextually imagined, its use is practiced and understood, and validation in improvements to the 

design are incrementally made (Kasdaglis & Stowers, 2016). Therefore, a prototype is an organic 

expression of contextual design, and natural outgrowth that flows from understanding for design 

and conceptualization of a design.  

The Trajectory Recovery System Design Process 

The TRS emerged from an expertise-informed design concept and materialized into a 

functional, flyable, and testable aircraft safety system. The evolutionary expression of TRS began 

with a pilot’s expertise, years of experience, and insight into the task and risk involved in flight. 

These naturally suggested a need that did not exist, and a resulting imperative—the creation of a 

system that backs a pilot’s cognitive and motor ability to perceive and act during the high gain, and 



95 

 

temporally compressed task of stall recovery.  This section will document the formal iterations of 

the TRS concept. The TRS concept will be described in both the form of its expression and its 

content. Likewise, the longitudinal development of the subsequent prototypes up until the “to-date” 

evaluated proof-of concept prototype will be reported. 

Traceability and Requirements Conceptual Development 

 In the spring of 2013, a literature review was conducted to seek insight into the 

causes and contributors of In-Flight Loss of Control (I-LOC). The findings of this work suggested 

that a timely and accurate recovery of I-LOC is of primary importance (Jacobson, 2010). Further, a 

significant number of I-LOC accidents can be attributed to poor energy management; this may result 

in an aerodynamic stall (Belcastro, 2011). In fact, it was found that a major portion of I-LOC 

accidents involved in inappropriate response by the crew to a stalled-wing condition (Belcastro & 

Foster, 2010). Finally, the literature suggested that I-LOC should not only be viewed as a singular 

event, but instead as a sequence of events (Belcastro & Foster, 2010). The synthesis of these 

individual characteristics of I-LOC suggest that the consequence of such an event includes a 

departure from the intended flightpath. Indeed, this conclusion is in agreement with the International 

Civil Aviation Organization’s (ICAO) Commercial Aviation Safety Team (CAST) Common 

Taxonomy Team definition of I-LOC: “an extreme manifestation of the deviation from intended 

flightpath”(CICTT, 2011). 

These findings provided the starting place for a human-centric design solution—as an 

understanding of the problem space was emerging. Four primitive characteristics that may 

characterize I-LOC were formulated as a launching place for a design that could mitigate a specific 

category of in-flight loss of control, that being I-LOC-S. Thus, these four primitives should not be 

taken as an all-inclusive list of characteristics and properties of an I-LOC event, as an I-LOC event 

is varied and diverse in its causes and characteristics (Belcastro & Jacobson, 2010). They are:  



96 

 

1) The lift producing surfaces of the wing are no longer providing sufficient lift for sustained 

flight; 

2) The attitude of the aircraft is deviated from the desired command of the pilot; 

3) The inceptor inputs made by the pilot to the aircraft’s control surfaces are not resulting in 

the indented aircraft orientation to the earth; 

4) The speed of the aircraft is deviated from intended. 

The problem was initially not examined from a control theoretic standpoint, but instead from 

the cognitive aspect; the problem space was examined from the perspective of what the pilot 

experiences, rather than the aerodynamic orientation of pressures on the aircraft, their manipulation, 

and the resulting flight orientation. This approach ensured a human-centered perspective rather than 

a technological or engineering design perspective in a solution proposal. The principles of designing 

a joint cognitive system require a perspective that looks at the problem from a more top-down, 

overall system performance perspective (Hollnagel & Woods, 2005). This is not to imply that the 

means to attain such performance is ignored, rather what is suggested in this method is that the 

design moves from purpose to means rather than means to purpose (Boy, 2013). 

Design Rationale:  An Affordance for Recovery 

As we began with purpose, it was reasonable to begin the pilot’s desire or intention. Indeed, the 

definition that is already been stated is that I-LOC is a “deviation from the intended flightpath”. The clear 

inference to be made is that there is an intelligent agent with a flightpath to follow. Thus, this suggests that 

the overall purpose of the future system that could mitigate I-LOC is two-fold: what must be done, and how 

it must be done. This twofold objective is described as: 

1) It could specifically seek to aid the pilot to regain flight along the intended flightpath. This 

presupposes that the pilot has in mind a desired flightpath. Yet this may not always be the 

case. The issue that must be raised is that the term “intended flightpath” may not 

specifically be known to the pilot. That is, the pilot may have an overall intention of flying 
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a flightpath that respects the aircraft’s energy constraints, namely potential (altitude) and 

kinetic (airspeed), but may be unsure of the selection of that flightpath. An example of this 

is the tragic occurrence of American 965 making a descending approach in mountainous 

terrain while maintaining an ambiguous intended flight trajectory (Ladkin, 1996). In other 

words, the pilot certainly has in mind to fly a “safe” trajectory, yet may need help in a high 

gain, high temporal demand situation to determine the trajectory and the optimum route to 

that intended trajectory. Thus, a future system to aid in I-LOC must include cueing for 

flight back to a safe trajectory, in addition to the previously stated purpose of returning to 

an intended trajectory. Simply the system affords to the pilot what must be done. 

2) Yet a higher purpose can be extracted. That higher purpose is that the aircraft must be 

returned to an appropriate orientation to its environment (with respect to its linear and 

angular 6° of freedom) in order to generate sufficient aerodynamic pressures for flight. 

Like the previous issue of intended flightpath, there may be an intended orientation of the 

aircraft that may not be known to the pilot. For example, the accident of Air France 447 

illustrates that the pilots needed to reduce AOA; yet the major issue here is by what means? 

How should the aircraft attain this desired orientation to the earth in order to attain the 

appropriate dynamic pressures for flight? Simply the system must afford how it must be 

done. 

Therefore, to sum, the problem is that the aircraft must have the appropriate orientation to 

the earth in order to generate the appropriate aerodynamic pressures for maneuverable flight. The 

pilot may have such an orientation in mind or may possess ambiguity. In these cases, a future 

technology should seek to capture and mitigate this need by aiding the pilot to gain the intended 

orientation – and if this is unknown, suggest an operated orientation. Additionally, as the pilot must 

make control inputs to his/her interceptors, and due to the fact that these interceptors hold a 1/k 

relation to their respective control surfaces (or in the case of the throttle, its engine fuel flow)—

which consequentially result in a change in aircraft orientation, the cognitive aid must be available 
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to the pilot as a cue to what is the appropriate interceptor movement required to affect the desired 

orientation. 

Cognitive control: Pilot aircraft coupling 

At the highest abstraction, the I-LOC problem and its solution are both an aerodynamic and 

trajectory problem to be defined and solved. This claim may lack technical precision from the 

aerodynamic control theoretic standpoint; however, from the human or pilot standpoint it 

appropriately captures the intention of a pilot. It is implicit in the term “departure” that there exists 

a sudden change in the state of the aircraft from being coupled to the pilot’s intent and desire to 

being decoupled. However, it does not necessarily mean that control is completely lost. Instead, it 

refers to a lack of ability to control intended flight. The difference implicit here is that the pilot must 

first work on the task returning to positive aircraft control in order to fulfill the subsequent 

requirement of controlled trajectory flight. Thus, the goal is to restore pilot-aircraft coupling or 

aerodynamic control in order to make possible affected pilot aircraft coupling trajectory control. 

It should be noted that pilot aircraft coupling is attributed to both positive and negative 

outcomes. This coupling can be effective and functional or non-effective and dysfunctional. What 

is primarily being described here is that the intentions in inputs by the pilot are inappropriate for 

aircraft control. These interactions can be generally described as dysfunctional. An example of 

dysfunctional interactions is pilot induced oscillations. Some efforts have been made to use the term 

aircraft-pilot coupling (APC) instead as it does not connote blame to the pilot who may simply be 

coping with a poorly engineered system (McRuer, 1997). Dysfunctional interactions may be 

precipitated by a lack of appropriate system response or adaptation to a perturbation. This 

inappropriate response may arise from a good procedure being applied in the wrong context. In this 

sense the pilot aircraft system is experiencing dysfunctional interactions, even know those 

interactions are proceeding as originally designed. The problem is that they were occurring in the 

wrong context, or at the wrong time. Of course, there are times when variability of system 



99 

 

components results in overall system residence exceeding safe boundaries of operations (Hollnagel, 

2012). 

Cognitive control  

In addition to a literature review for prototype one and the conceptual development of TRS, a 

case study was conducted to examine the human computer interactions that occurred during the Air 

France 447 accident.  As previously noted, an I-LOC accident is varied in its seminal elements and 

its development (Belcastro & Foster, 2010). This is certainly true in the tragic occurrence that 

occurred in 2009 over the Atlantic Ocean. A technical disruption that arose from frozen pitot tubes 

as well as air data system and automation reversion resulted in the pilot flying introducing 

inappropriate side stick inputs. Elements of this accident included surprise, high-altitude turbulence 

perturbations, and excessive handling inputs made by the pilot flying. This was in addition to 

erroneous airspeed and emergency and advisory messages from the aircraft (ECAM). In this context 

the final accident report reads:  

“…the crew progressively becoming destruction likely never understood that it 

faced a simple loss of three sources of your speed information… the failure of the attempts 

to understand the situation and the destructuring of crew cooperation fed on each other 

until the total loss of cognitive control of the situation” (BEA, 2012, p. 19). 

As previously stated the goal of a human-centric solution to I-LOC must address restoring the 

relationship between the pilot and the aircraft. Thus, TRS seeks to affect a change in the interaction 

of the pilot with the aircraft in order restore control. Yet, there exists a presupposition that proper 

pilot-aircraft interaction is a product of proper cognitive interactions—often arising from a shared 

cognitive schema of the world. Specifically, this requires that a) the perception, comprehension, and 

action of the pilot is rational and appropriate to affect the desired pilot-aircraft interactions; and b) 

that actions that arise from the joint system emerge from context-appropriate cognitive interactions 

between the pilot and the aircraft. 
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What is involved in proper interactions between the pilot and the aircraft? Certainly, an 

acknowledgment of context, resources, and roles is necessary (Boy, 2013). For example, during an 

ILS approach, the pilot-aircraft system is in a phase of flight that is time constrained, and requires 

precise and relatively rapid corrections to flight path deviations. Not only do designers anticipate 

and provide required resources to aid situation awareness and appropriate action (Endsley & Jones, 

2012; e.g. a flight director which desensitizes raw data deviations), but cognition and the resulting 

activity naturally adapt for this in practice, such as through role adaption (e.g. a pilot heuristic 

application of a rule of thumb for fuel flow and pitch setting to maintain a 3° glide path).  The latter 

adaption in practice suggests that more work can be done in understanding how a particular 

cognitive aid is used in actual practice.  

Further, it is required that a clear model of human information processing is utilized to elicit 

likely human responses and requirements during various contexts. To say that the crew lost 

“cognitive control” suggests that all of the appropriate resources were available for this novel time 

constrained situation. It suggests that a clear rationale for anticipated human action had been 

considered in the design for the situation. In keeping with Rasmussen (Rasmussen, 1983) one can 

infer that human action during cruise flight is skill-based. The pilot is simply performing a 

monitoring task and is responding in a general automatic fashion to cockpit stimuli. Yet, in the case 

of Air France 447, the crew had to make sense of various signals. The term signals is used as there 

were conflicting ECAM messages and airspeed indications. Yet, as Rasmussen makes clear, signals 

are insufficient for knowledgebase behavior. Instead, the crew required symbols, or semantic 

representations of what was happening in order to solve a problem at a knowledge processing level. 

The clear implication of this is that designers must give serious thought to the cognitive functions 

that occur inside the cockpit; doing this ensures cognitive control and consequentially aircraft 

control (figure 43). 
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FIGURE 43: COGNITIVE CONTROL YIELDS AIRCRAFT CONTROL. 

Presenting AOA information to crewmembers is desirable and supportive of the entire 

system operation. Yet the task of recovery from an unusual attitude or stalled condition will still 

require the user to operate at knowledge level (Rasmussen, 1983). The benefit for providing raw 

AOA information is that symbols will be provided to aid in decision of tasks and planning. Yet is 

this enough?  

 The task of mitigation of I-LOC, should not only support detection and but also high-gain, 

temporally constrained context for recovery. For example, consider a scenario when a pilot has 

entered an “unknown realm” of aircraft handing. That is, the pilot must know what the right decision 

is to make in order to fly an airplane that has departed controlled flight back to controlled flight; in 

the context of a rapidly descending aircraft the problem must be solved prior to impact! Training 

can address this issue, as long as the training is general enough to prepare the pilot for most novel 

conditions. However, the provided solution or cues in context that support a priori training; thus the 

better choice may be to direct the pilot.   

However, such guidance can only appear when necessary. This means that a model of 

interaction between the system and pilot be instantiated. Such models have been proposed 

(Parasuraman, Sheridan, & Wickens, 2000). Boy (2013; 1998; 2011) proposed a model of 

interaction—interaction with automation can occur at various levels: Supervision, mediation, and 

collaboration. These have been instantiated in the TRS design. One does not have to look far within 

the aviation domain to observe the application of this notion. For example, the Traffic Collision 
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Avoidance System (TCAS) in aircraft functions at all three levels (figure 44). At a non-alerting state, 

it simply identifies targets; at a partially alerted state, it collaborates with the user to issue warnings; 

finally, at the fully alerted state, it commands the human agent to take actions; thus, this final state 

is one of supervision. The Ground Proximity Warning System (GPWS) functions along a similar 

continuum of interactions. Likewise, in the instantiation of the TRS prototype, aerodynamic 

performance information was arranged along a similar continuum of interaction. 

 

FIGURE 44: TCAS MODES OF INTERACTION. 

Prototype Development 

The prototype development of TRS occurred along an iterative process of design.  

Prototype 1 

Prototype 1 was initially formulated in the Spring of 2013 as a wireframe utilizing basic drawing 

features of Microsoft products (figure 45). Expert feedback was sought from HCD faculty, allowing for 
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refinement of the initial concept. It was described in a term-paper to Dr. Guy Boy for the HCD class Cognitive 

Engineering.   Basic modes of operation and user interaction was described in this work. A rationale for the 

work was informed by an exploration of the Air France 447 accident. Specifically, the need to provide 

guidance during crew confusion and loss of cognitive control was identified as a key system requirement of 

TRS.   

 

FIGURE 45: INITIAL TRS DESIGN IN PROTOTYPE 1 

Prototype 2 

In the Spring and Summer of 2014, the need to construct a functional prototype gave rise to 

discussions with Presagis, a company that specializes in advanced modelling and simulation to include the 

rapid prototyping of avionics. After, successful negotiation for a licensing grant to Florida Institute of 

Technology, prototype 2 was then constructed using Presagis’ VAPS-XT, a prototyping tool to rapidly design 

avionics (figure 46). Key features of Prototype 2 were: 

a) Interactive control of key TRS states and movements; and 

b) The use of explicit “states” to drive appearance and movement of TRS target 

The instantiation of the design was conducted in a HCD team as a part of a graduate student’s 

Complexity Analysis course project. HCD expert feedback was sought from HCD faculty and students. 
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FIGURE 46: VAPS-XT TRS REPRESENTATION IN ACTIVATION STATE 

Prototype 3 

Prototype 3 was created using GL studio, another prototyping tool. This design was animated along 

a Wizard of Oz concept (figure 47). This meant that the dynamic elements of TRS could be activated and 

deactivated by a human controller. No algorithm animated the TRS representation nor its interaction with the 

pilot. The PFD display was constructed in order to provide fidelity during expert evaluations. The TRS 

annunciator, target, and target states were able to be controlled by the HCD experimenter.  Further, various 

representations of the TRS display were able to be selected and displayed; to include the optional wings on 

the TRS target and a circular cursor that sought to address latency issues between control inputs and 

consequential aircraft states. 
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FIGURE 47: PROTOTYPE 3 AND WIZARD OF OZ CONTROL PANEL 

This prototype was brought to the 2015 annual safety conference of the Airline Pilots Association 

(APLA) in Washington D.C. (figure 48) for a heuristic evaluation.  
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FIGURE 48: ALPA AVIATION SECURITY FORUM TRAINING COUNCIL MEETING 2015 

In keeping with a heuristic evaluation to elicit knowledge, a small number of expert pilots were 

sought (Nielsen, 1994). Ten F.A.R Part 121 pilots who were attending the conference, representing their 

respective airlines as safety experts, were asked to participate in a cognitive walkthrough of TRS, and invited 

to interact with the TRS on a laptop simulator with a joystick. TRS symbology appeared and its movement 

was directed by a “Wizard of Oz” experimenter. A NASA TLX probe was administered during the 

walkthrough in a traditional PFD condition and a TRS condition (Hart & Staveland, 1988).  The results of 

the evaluation are presented in figure 49. Descriptive statistics indicate that all NASA TLX subscales were 

found to be lower in all subscales except performance This heuristic evaluation suggested that the design 

choices of TRS were valid, and a commitment to the design was appropriate. 
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FIGURE 49: NASA TLX SUBSCALES FOR TRS AND TRADITIONAL SYSTEM 

Prototype 4 

Finally, prototype 4 was a flyable and fully integrated system. This prototype version of TRS was 

built utilizing C++. The TRS target was animated according to an algorithm. This algorithm drove TRS 

targets as well as activated and deactivated representations. The detailed algorithm is described in Kasdaglis, 

Bernard, Stephane, & Boy (2016); and Kasdaglis, Bernard and Stowers (2016). This prototype was developed 

with limited capability. That is, specifically, it was meant to validate the proof of concept in a simulator. The 

Recovery Mode in simple stall scenarios without an advisory mode, terrain, traffic avoidance was tested 

Algorithm: TRS Engagement 

 Prototype 4 provided for the automatic engagement of TRS system. Specifically, this mean that the 

PFD would be decluttered, a “TRS MODE” annunciation would be displayed, and the recovery bullseye 
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brought into view. This would occur at TRS engagement.  The algorithm engagement engaged occurred when 

the critical angle of attack was exceeded (Equation 1) 

ALGORITHM 1 

 

 

The other criteria by which TRS engagement occurred was airspeed falling below stalling speed.  

ALGORITHM 2 

 

Algorithm: TRS Disengagement 

The PFD will be returned to normal and TRS Recovery Mode disengaged upon the aircraft reaching 

the following parameters:  

a) 1.2𝑉𝑠𝑡𝑎𝑙𝑙  ; 

b) 𝐴𝑂𝐴 < 8; ° 

c) Vertical Speed (VS) ≥ 100 𝑓𝑝𝑚 
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Algorithm Target Dynamics  

 

 The target is displayed at the location of the flight path angle: the angle at which Angle of Attack 

is 0; as follows:  

ALGORITHM 3 

  

Trying to achieve that angle of pitch attitude results in the aircraft reducing its angle of attack to 

safer values. When the aircraft achieves this negative pitch attitude, airspeed quickly increases. The trigger 

airspeed, 1.2𝑉𝑠𝑡𝑎𝑙𝑙  the TRS target will begin to rise begins to increase. Bank-leveling guidance is provided 

by a mirror equation: 

ALGORITHM 4 

 

A Human-in-the-Loop (HITL) evaluation of prototype 4 was conducted; this is reported in 

the following chapters.  
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Human Centered Design Solution: Trajectory Recovery 

Systems 

Overview 

The TRS guides a pilot to reduce AOA and avoid terrain by following a salient bull’s-eye. 

Additionally, it informs the pilot of the necessary thrust settings for recovery.  

TRS is context dependent; it is ubiquitous—always active, monitoring and facilitating 

appropriate cognitive control based on aerodynamic and environmental constraints and context. This 

allows TRS to capture live aerodynamic data, and mediate appropriate human computer interactions. 

The capability to offer context dependent mediation presume. Thus, robust algorithms facilitate 

assimilation of new data and appropriate action by the pilot-aircraft system. This is accomplished 

by an aerodynamic algorithm that drives the appearance, movements, and removal of TRS 

representations. In leveraging environmental cues, TRS provides a pilot with affordances for action 

(Gibson, 1977). Thus TRS reduces the distance between interpretation of aircraft AOA and the 

required effector inputs for restoration of AOA below its critical value; thus facilitating expeditious 

recovery. Additionally, the danger of cognitive tunneling is addressed through cognitive 

countermeasures and the removal of non-recovery pertinent representations (Dehais, Tessier, & 

Chaudron, 2003; Dehais, Tessier, Christophe, & Reuzeau, 2010; Wickens, Lee, Liu, & Gordon-

Becker, 1998).  

Instantiation 

The goal of TRS is to provide flight director command guidance for recovery from an I-

LOC-S event through: 

a) Reduction of AOA, 

b) Appropriate power setting, 

c) Optimized ground avoidance solution, 
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d) Trajectory guidance to a safe aircraft state (AOA, altitude, attitude, speed, power)  

 

FIGURE 50: BASIC TRS REPRESENTATION. 

This is accomplished by a visual representation of what must be done and how it must be 

done in order to affect an eye LOC recovery. TRS is depicted in figure 50. Information is eliminated 

and a target is displayed on the screen; “TRS MODE” is annunciated on the display. A magenta 

bull’s-eyes target appears and directs an optimized pitch for expeditious and accurate recovery when 

the aircraft’s critical AOA is exceeded. Upon reaching the target pitch, the magenta center will turn 

to green. An outer unfilled ring indicates the need to increase thrust; upon advancement of throttles, 

the outer ring will progressively fill yellow, and then green when the appropriate power setting for 

recovery is set. Upon a safe trajectory, TRS will then disengage and return the PFD to the nominal 

display (figure 51). 
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FIGURE 51: DYNAMIC TRS 

Each representation and dynamic element of TRS is linked to a function. These functions 

are designed to facilitate appropriate interactions and consequential safe and efficient aircraft 

performance. The primitive functions are alerting, removing, commanding, and displaying (table 4).  

 

 

 

 

 

TRS Not 
Displayed

TRS 
Displayed

• Pitch 
Command

• Power 
Command

TRS 
Display

• Pitch on 
Target

• Power on 
Target
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TABLE 4: TRS FUNCTIONS, VISUAL REPRESENTATIONS, AND DYNAMICS. 

FUNCTION REPRESENTATION DYNAMICS 

ALERTS 

 

• a pilot that immediate 

action is required to 

reduce Angle of 

Attack through 

appearance of TRS 

target 

REMOVES 

 

• unnecessary 

information to 

facilitate recovery and 

annunciates “TRS 

Mode”.  

COMMANDS 

I 

 

• a pilot a target to “fly 

to” through Pitch and 

Roll Attractor 

DISPLAYS 

 

• feedback that the 

desired pitch and roll 

have been satisfied 

though change in 

color of attractor (state 

change) 

COMMANDS 

II 

 

• a pilot to increase 

power to appropriate 

recovery poser setting 

through unfilled 

Power Ring 

DISPLAYS II 

 

feedback that the desired power 

has been satisfied through filling of 

power ring 

 

 

TRS operates in three modes: monitoring mode, advisory mode, and recovery mode. These three 

modes facilitate mediated interactions that are context dependent. The modes are presented in the following 

paragraphs. 
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Monitoring Mode (MM) 

The MM will provide active monitoring of AOA, the closest point of approach trajectory solutions 

relative to terrain, and a “what if” scenario based upon present aircraft trajectory and attitude. The “what if” 

scenario will map the present state of the aircraft to a computed time until stall calculation, based upon the 

present trend of the aircraft state. This calculation would be compared to the time required for recovery 

calculation. The time required for recovery calculation would include: 

a) Time 0: Time of entry of aircraft into the projected stalled wing condition 

b) Time 1: Time for reduction of AOA, advancement of thrust, and leveling of wings 

c) Time 2: Time for optimized pull out maneuver that avoids contact with terrain. 

Advisory Mode (AM) 

In MM, the automation is monitoring the human operator as a means to anticipate the next state of 

the system (aircraft). The Advisory Mode (AM) would provide a means of monitoring by the human of the 

reasoning and projection of the automation (TRS).  

Therefore, AM will incrementally increase information to the pilot as time calculations become 

critical. As the time to a critical point reduces, more information will be presented. Following the work of 

Chen and colleagues in the Situation Awareness based Agent Transparency model (2014), information is 

categorized into three levels: 1) TRS understanding of the state of the world (e.g. rapidly increasing AOA; 

2) TRS reasoning information (e.g. display of information relative to the context); and 3) TRS projection of 

the future state of the aircraft. In recent work, it has been shown that such increase in information does not 

increase time for processing and workload.  

Recovery Mode (RM) 

The Recovery Mode (RM) would provide a means for recovery information to be offered to the pilot 

through a flight director type display. The basic graphic interactive representations, that combines relevant 
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flight control information and recovery commands, are presented in figure 52. This depiction wing “wings 

and tail” is one design option for TRS; for testing and evaluation prototype 4 (without wings and tail) was 

utilized. 

 

FIGURE 52: TRS INTERACTIVE GRAPHICAL REPRESENTATIONS. 

  Figure 53 depicts the conceptual operational use of TRS. This concept of operations depicts 

an aircraft that enters a stall with an additional terrain avoidance constraint. This problem space may represent 

an unrecoverable if the recovery sequence is initiated too late. Thus, this is the reason for the MM ad AM 

modes that preceded the three modes of recovery.
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FIGURE 53: TRS USE CASE REPRESENTATION.
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Use Case 

The following scenario illustrates the use of TRS. In this specific scenario, the control laws in the 

Airbus would likely prevent this occurrence. However, as already noted, there are possible scenarios in an 

Airbus aircraft that can result in an aircrew being placed outside of flight envelope protections. However, for 

the purpose of the illustration, this scenario makes use of a Boeing aircraft.  

 An aircraft is being vectored into the terminal area (figure 54). The crew is 

fatigued as it is the end of a long day.  

 

FIGURE 54: INITIAL AIRCRAFT STATE. 

 

 Due to time constraints, the arrival controller has inadvertently allowed trail 

distance to be comprised. Suddenly the scenario aircraft is caught in wake 

turbulence, the Captain is startled, snaps off the AP/ AT and yanks on the control 

yoke and places the aircraft into an excessive bank. Suddenly the aircraft buffets. 

The aircraft is now stalled (figure 55).  
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FIGURE 55: SCENARIO AIRCRAFT STALLED. 

In this scenario, the pilot would be tasked with reducing the AOA to the point that the wings begin 

to fly again. It is reasonable to assume that a startled pilot may neglect to provide a positive control input 

necessary to break the stall. TRS would seek to address this startle response by offering the pilot a cognitive 

escape. That is, to aid the pilot in providing the correct recovery input, this proposed solution would remove 

all information that was not pertinent to the task (figure 56). The objective is to help the pilot escape from 

cognitive tunneling (Thomas & Wickens, 1999). This technological innovation offers a cognitive 

countermeasure to break perseveration syndrome (Dehais et al., 2003; Dehais et al., 2010). Additionally, 

TRS would provide a pitch and power command to achieve the optimum recovery trajectory; feedback would 

be provided by change in color representations during the three sub-modes of TRS RM Figures 57 and 58 

display RM sub-modes 2 and 3. 
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FIGURE 56: TRS RECOVERY MODE 1. VERTICAL TAPE INFORMATION IS REMOVED AND 

SCENARIO PILOT IS COMMANDED TO LEVEL WINGS AND PITCH DOWN.  

Upon the pitch down and reduction of AOA, TRS bulls-eye would change too green (figure 57). 

Additionally, the yellow ring would remain until appropriate power setting is achieved for return to normal 

aircraft state— then the outer ring would turn green upon appropriate power being set. Pitch commands 

would remain as a means to return the aircraft to a normal state; specifically, prevention of a secondary stall 

and a trajectory that avoids contact with terrain (figure 58).  
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FIGURE 57: TRS RM SUB-MODE 2.  

 

FIGURE 58: TRS RM SUB-MODE 3. 
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Summary 

TRS is a HCD project that seeks to offer visual in dynamic guidance to the pilot during an I-LOC-

S event. It is designed to provide an expeditious path to reduction of AOA below its critical value and an 

optimized climb away from terrain. A series of prototypes were developed, evaluated, and iteratively 

improved until completion of one robust enough for formal testing.
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Part III: Analysis & Perspectives 
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Chapter 6: Testing Methodology 

The use of an operational prototype of the TRS was evaluated in a 737-800 flight-training device. 

Subjective and objective performance data was collected in order to answer a variety of research questions 

related to the efficacy of TRS within an I-LOC-S. Specifically, in addition to self-reports of workload, 

situation awareness, and usability, synchronized data feeds of aircraft, eye tracking, video, and audio were 

collected.  A 2 x 3 within-subjects research design was employed. Counterbalancing of conditions was 

utilized in order to prevent confounding of learning affects. In total, 20 professional and nonprofessional 

pilots participated. 
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Overview 

The purpose of this study is to examine the efficacy of the TRS that was developed at the Human-

Centered Design Institute at Florida Institute of Technology. Although the TRS, as a whole, is a multi-

component system, an examination of the human-computer interactions and resulting subjective and 

objective parameters of the new display are of primary interest. This should be an intuitive objective, as the 

new display is intended to help a pilot make more appropriate and timely decisions during critical points of 

the flight.  

Yet, as the objective of any human-system integration work is to understand the overall system 

performance that results from the human-computer interaction, it is also important to overall system 

performance in the investigation. Thus the research question “Do pilots make timelier and more appropriate 

aircraft control inputs utilizing the TRS display and system?” is twofold. The methodology of the experiment 

should support an examination of the human-computer interaction (e.g. workload, ocular movements, 

situation awareness) and aerodynamic performance (e.g. time until vertical velocity reversal). While the 

former is concerned with the human interaction and response, the latter is concerned with overall Measures 

of Performance (MOP; JCS J-8, 2009); that is, how well the pilot-aircraft system performs an element of its 

function, specifically in this context, recovery from a stalled condition. This concern with overall macro-

performance of the system is consistent with the notion of joint cognitive systems (Hollnagel & Woods, 

2005a; Hollnagel et al., 2006). 

This experiment has two conditions of primary interest—with TRS and without. The claim of this 

work is that TRS will afford appropriate pilot action. It is from this abstraction that the overall hypothesis 

emerges—that the use of TRS will provide a pilot the means for more timely and appropriate responses 
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during the context of interest, namely In-Flight Loss of Control involving a stall (I-LOC-S). This claim is 

based upon the belief that TRS will help a pilot to focus their attention on salient display features and provide 

direct perception for appropriate action. Therefore, this claim implicitly suggests that optimized joint 

cognitive processing by the pilot-aircraft system will be facilitated with TRS. 

This study sought to observe and to seek to understand pilot behavior as it relates to the use of this 

new technology; subjective, objective and ocular movement were collected. Thus a means to capture aircraft 

performance data feeds, synchronized with audio, video, eye tracking data feeds were required.  

Participants 

FAA licensed pilots were recruited from personal contacts, word-of-mouth, two local pilot 

organizations, and LinkedIn® (an example of the advertisement is shown in Appendix D). The twenty pilots 

(17 men and 3 women) were professionally employed (10 airline, flight instructor, business) and general 

aviation pilots (10 non-professionally employed). The average flight time accumulated across all participants 

was 6301.6; the range was from 600 to 20,000 flight hours. 
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Procedures 

Arrival and Briefing 

Informed consent was sought and obtained for all participants. Participants were then asked to 

complete a demographics survey followed by the Ishihara color test. Finally, participants were given a 10 to 

15-minute PowerPoint briefing on simulator flight, profiles to be flown, and the TRS symbology and 

operation.  

Training 

The participants were given a training flight that lasted approximately 30 minutes. The profile of 

this flight was to take off from Orlando International Airport, climbing on runway heading at 250 kts. During 

the climb, pilots were instructed to make left and right turns to become familiar with aircraft handling. Upon 

reaching 20,000 feet, the pilot was instructed to level off. The experimenter showed and then gave an 

opportunity for the pilot to practice each I-LOC-S scenario with and without TRS. 

Evaluation Flight 

Upon completion of the training flight, and an optional break, the head-mounted eye tracker was 

placed upon the participant. Upon being seated in the left pilot seat, the calibration was conducted, and the I-

LOC-S scenarios initiated. Six counter-balanced scenario types were administered with a pause between 

each. During the pause between scenarios, subjective probes were administered. Specifically, at the end of 

each scenario, the NASA TLX was administered; at the end of each unusual attitude scenarios, the SART 

was administered; and during the last two scenarios, the system state awareness and SUS probes were 

administered.  
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Apparatus 

737-800 Simulator 

The Human-in-the-Loop (HITL) evaluation of the TRS prototype was conducted in the Human 

Centered Design Institute’s 737-800 flight training device (figures 59 & 60). The hardware of the simulator 

includes a realistic control yoke, rudder pedals, throttles, and electric trim. Visuals were provided by wrap 

around displays. The simulation software platform utilized was Lockheed’s Prepared 3D®. Additionally, 

because the TRS evaluation required flight in I-LOC-S flight regimes, advanced flight modeling was 

required. Therefore, a third party software, the Pro-Sim737 Flight Model®, was integrated with the 

simulation platform to provide more realist simulation of aircraft dynamic behaviors in the I-LOC-S flight 

regimes.  
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FIGURE 59: HCDI 737 -800 SIMULATOR. 

  

FIGURE 60: HCDI 737-800 (TRS EVALUATION SETUP). 
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The Primary Flight Display (PFD) utilized in the simulation consisted of the traditional 737-800 

PFD with the optional AOA gauge in the upper left corner of the display (figure 61).  

 

FIGURE 61: TRADITIONAL PFD WITH OPTIONAL AOA GAUGE (YELLOW ARROW). 

The PFD display used in the TRS conditions (figure 62 & 63) were slightly different in that it only 

represented the aircraft attitude, airspeed, vertical velocity, and altitude. Because the objective was to 

evaluate the TRS dynamic objects during the I-LOC-S context, significant development effort was no devoted 

to reproducing a 737-800 PFD apart from the primitive elements necessary to present the seminal I-LOC-S 

context to the pilot participants.   
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FIGURE 62: TRS SCENARIO DISPLAY (TRS NOT ACTIVE). 

 

FIGURE 63: TRS SCENARIO DISPLAY (TRS ACTIVE). 
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Eye Tracking  

 

The TRS evaluation utilized the Ergoneers Eye Tracking System®. The elements of the system 

utilized during the evaluation included the head mounted eye tracking device, the Dikablis Eye Tracking 

System® (figure 64 & 65). This eye tracking system captured monocular and binocular eye data for gaze 

analysis.  Additionally, the D-LAB® software (figure 66) utilized during the evaluation integrated eye-data, 

with video, audio, and aircraft performance feeds.  

 

 

FIGURE 64: DIKABLIS EYE TRACKING SYSTEM. 
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FIGURE 65: HCDI TEAM MEMBER DEMONSTRATING THE EYE TRACKER AND 

SIMULATION USE. 
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FIGURE 66: D-LAB® INTERFACE. 

Video and Audio Equipment 

Three Logitech ® C920 HD Pro Webcams were utilized to capture audio and video feeds during 

each trial (figure 67). 
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FIGURE 67: TOP WEBCAM. 

Procedure 

Operationalized Research Questions and Probes 

As stated above, the overall research objective was investigation of the claim that the TRS system 

will provide a better affordance to pilots in an I-LOC-S context than the traditional system (e.g. PFD, stall 

warning annunciations, etc.). While this question concerns a consideration of the query “do pilots make more 

timely and appropriate aircraft control inputs utilizing the TRS display and system,” examination that is more 

granular is required. Such consideration should include questions of usability, workload, and situation 

awareness. In addition, objective performance measures must consider the physiological response of the user 

(e.g. reaction time, ocular movements).  
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Subjective measures 

Subjective probes sought to measure applicable parameters with validated tools. The specific 

research question in mind was concerned with the self-reported experience with the interaction of TRS during 

various context of use and its relation to the hypothesis. This hypothesis related to subjective measures of 

TRS was that:  

 TRS was more usable than the traditional system during I-LOC-S 

 TRS reduced workload greater than the traditional system during I-LOC-S 

 TRS improved situation awareness compared to the traditional system during I-LOC-

S 

Usability 

Usability was examined by way of the System Usability Scale (Brooke, 1996). This 10 item 

questionnaire, created in 1986, is a technology independent tool to elicit user experience with hardware, 

software, and interfaces. In the words of the creator of SUS: “SUS yields a single number representing a 

composite measure of the overall usability of the system being studied” (Brooke, 1996, p.193). Though 

originally imagined as a unidimensional measure of the system’s usability, Lewis and Sauro (2009) 

subsequently found through a factor analysis that two factors exist, usability and learnability. Therefore, the 

analysis of TRS includes an examination of usability and learnability utilizing this tool. Several studies have 

been conducted to consider the reliability of the SUS scale and have consistently found high reliability (Lewis 

& Sauro, 2009). A relatively recent empirical evaluation of the SUS found a Cronbach’s alpha of 0.911 

(Bangor, Kortum, & Miller, 2008).  
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Workload 

An examination of workload during the use of the TRS system was conducted utilizing the NASA 

TLX (Hart & Staveland, 1988). This probe is a multidimensional scale, which in aggregate result in an overall 

measure of workload. The multidimensionality of the scale is helpful in that there is no clear consensus of 

the construct of workload. This challenge of defining workload is true for psychologists and for participants 

to identify different aspects of experience workload. Workload appears to be a constellation of various 

variables. Thus, the rationale and usefulness of the multidimensional NASA TLX tool is reasonable. 

The general use of the tool consists of the participant completing a questionnaire after the 

completion of the task being examined. The participant is queried on each sub-dimension’s impact on their 

experience workload of the task in question; the sub-dimensions are: 

 Mental workload 

 Temporal workload 

 Frustration workload 

 Performance workload 

 Effort workload 

 Physical workload 

This scale is unique in that it multiplies the subjective rating experienced by the participant during 

the task, by a derived weighting constructed by an individual pairwise comparisons of workload sub-

dimensions. This approach results in an increased sensitivity to the variables in question, and a reduction in 

between greater variability (Hart, 2006). 
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Situation awareness 

The construct of situation awareness was investigated for the use of TRS. This was measured 

utilizing Situational Awareness Rating Technique (SART; Taylor, 1990). This multidimensional scale is a 

self-report rating design for aerospace systems. There is no consensus exist in in defining situation awareness 

(Endsley, 1995; Kasdaglis et al., 2014b; Sarter & Woods, 1991; Smith & Hancock, 1995). SART navigates 

the issue of lack of consensus by the construction of a 10-dimensional rating that did not emerge from and a 

prior redefinition of situation awareness instead. The construct within the scale emerged from a grounded 

theoretical approach of 44 empirically derived constructs that were provided by aircrews. Further, work 

reduced these 10 dimensions into 3. Thus, the empirically derived 3 dimensions of SA embedded in SART 

are:  demand on attentional resources; supply on attentional resources, and understanding of the situation in 

question (Selcon, Taylor, & Koritsas, 1991).  

Situation awareness has also been theoretically defined as perception of the situation at hand, it’s 

comprehension, and the person’s ability to make projections based upon this knowledge (Endsley, 1995). 

Kasdaglis and colleagues (2014b) have sought to expand this construct for multi-agents in the control of 

complex systems; therefore, they propose an intuitive model called system state awareness. The elements of 

system state awareness are recognition of the situation, anticipation of the systems trajectory, and adaptation 

of the goals of the system given the present situation constraints. Therefore, a multidimensional scale was 

constructed for the evaluation of TRS to examine the traditional construct of SA and the newly proposed 

SSA in this specific context of use. This self-report probe of situation awareness and system state awareness 

seeks to elicit the users experience after the situation in question. 
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Objective Physiological Measures 

Insight into a person’s attention and processing of external stimuli can be gained through eye 

tracking. This method has become increasing popular with human-computer interaction investigators (Poole 

& Ball, 2006), as researchers assume that there exists a relationship between eye movements and cognitive 

processes, namely attention (Sodhi, Reimer, & Llamazares, 2002). Measures of task efficiency, for example 

reaction time and accuracy, suggest improved visual processing that arises from a shift in overt and/or covert 

attentional resources (Frischen, Bayliss, & Tipper, 2007). Therefore, collection of objective data related to 

actual performance efficiency of the task within the flight deck and eye movements provide a rich trove to 

suggest the effectiveness of TRS upon direct perception for action. A review of objective task performance 

measures utilized in the evaluation for TRS will be discussed later in this chapter; for now, eye movement 

measures will be considered. 

 Objective measures were elicited from participants utilizing eye tracking. The measures 

investigated were area of interest ratio, saccade duration, number, and rate. These probes sought to understand 

ocular performance in relation to the use of TRS during I-LOC-S with regard to the hypothesis. The research 

objective here was concerned with what the empirical eye tracking data suggested regarding attention 

workload and concentration. Did the use of TRS (compared to the traditional system during recovery from 

an I-LOC-S even), result in a significant difference in ocular measures suggesting improvement in the pilot’s 

ability to perform the recovery task? The hypothesis was that the use of TRS would result in improved ocular 

measures suggesting that TRS affords perception and a corresponding appropriate action.  Thus, eye-tracking 

hardware and software was utilized to capture pupil movements during the experimental situation. 
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Area of interest (AOI) Attention Ratio [%] 

An Area of Interest (AOI) refers to a defined geographical area that a person may direct their gaze. 

The AOI is constructed in human-computer interaction experiments in order to understand a person’s eye 

movement behavior with regard to the visual stimuli presented within that area. Therefore, the AOI attention 

ratio quantifies is the sum of all glances durations divided by a specified time interval (Ergoneers, 2014).  

This aided in the evaluation of TRS and primary flight displays (PFD) AOI data—specifically the 

percentage of time that the participants spent glancing at the PFD during the TRS and non-TRS condition 

(figure 68).  

 

 

FIGURE 68: PFD AOI DURING TRS EVALUATION. 



 

 

140 

 

 

Saccade COUNT, RATE, and Duration 

Basic eye data is composed of two elements: a fixation and a saccade (figure 69). Rapid eye 

movements between fixations are called saccades. Although visual processing does not appear to occur 

during these (Leigh & Zee, 2015), measuring saccade count rate and duration offer a researcher insight into 

a participant’s attention to external stimuli. In the present case, these measures were collected for analysis in 

order to understand the differences between the use of TRS and the use of the traditional system in the I-

LOC-S context. 

 

 

FIGURE 69: ELEMENTS OF EYE TRACKING 

Objective performance: Pilot-Aircraft SYSTEM 

Data feeds of aircraft performance measures were captured and synchronized with eye-tracking, 

audio, and video feeds of the participants. The reason for this was to investigate the impact of the use of the 
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TRS system upon the interactions between the pilot and aircraft, and its resulting aerodynamic performance. 

Five measures of pilot-aircraft system (PAS) were analyzed (figure 70). They are: 

 Time until throttles set to at least 80% N1, 

 Time until AOA below 13, 

 Minimum AOA, 

 Time until positive vertical velocity,  

 Net altitude loss 

 

FIGURE 70: FIVE PILOT-AIRCRAFT SYSTEM PERFORMANCE MEASURES. 

Time Until Throttles Set to At Least 80% N1 

This measure is the period of time, measured in seconds, from when the participant was instructed 

to recover the aircraft from the stalled condition, until the throttles were advanced, and the resulting N1 was 

at least 80%. The claim that TRS would result in a quicker response to set the power for recovery than the 

response time achieved with the use of the traditional system was evaluated. 



 

 

142 

 

 

Time AOA is Below 13 

This measure is the period of time, measured in seconds, from when the participant was instructed 

to recover the aircraft from the stalled condition until the aircraft returned to a value less than 13 AOA. Each 

scenario began at approximately 21 AOA. Although the aircraft had a critical AOA of 15, the value of 13 

was chosen as a nonlinear increase in drag occurred prior to that critical value. This would be experienced 

by the pilot having a rapid decrease in airspeed (figure 71). Flight below a speed that corresponds to the 

minimum drag speed (𝐿
𝐷 𝑀𝑎𝑥⁄ ), will be characterized by speed instability— that is that perturbation of the 

aircraft will result in a progressive decrease in airspeed until a stall results (FAA, 2004). 

As the pilot’s task during the scenario was to return the aircraft to controlled flight, the value of 13 

AOA suggested a safe buffer from the critical stall region where aerodynamic parameters were significantly 

nonlinear, and therefore stability of the situation was more precarious. Overall, the claim that TRS provided 

improvement from the traditional system for appropriate control inputs to achieve this value was evaluated. 
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FIGURE 71: COEFFICIENTS OF LIFT AND DRAG AND THEIR RELATIONSHIP TO AOA AND 

STALL 

Minimum Angle of Attack 

This is the measure of the minimum AOA during the scenario, from when the participant was 

instructed to recover the aircraft, until a positive vertical velocity.  

AOA is proportional to lift available (𝐶𝐿), and there exists a coefficient of drag (𝐶𝐷) that also holds 

a relationship to a given AOA. A measure of aerodynamic efficiency exists in the relation of lift to drag (L/D) 

value; this value, when considered with thrust available and required, can provide insight into an appropriate 

optimized flight path. Thus, capturing the value of the minimum AOA during the experimental scenario 
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suggested that an intuitive inference could be made into the relative use of disuse of the aircraft aerodynamic 

potential during the recovery.  

Therefore, the claim that TRS, compared to the traditional system, provided the means for the pilot 

to return the aircraft more quickly to an optimized lift state, and that that lift would be used for an optimized 

flightpath away from the ground was evaluated by the use of the measure minimum AOA.  

Time until Positive Vertical Velocity 

This is the measure of the period of time from when the participant was instructed to recover the 

aircraft until a positive vertical velocity was achieved. At the beginning of all experimental scenarios, the 

aircraft was in a fully stalled condition and, most often, with a negative descent rate. In a granular sense, the 

pilot’s task was to affect a recovery of the aircraft by restoring the AOA to a value that corresponded to a 

sufficient lift value to stop the descent. Thus, this measure was utilized to evaluate the claim that the use of 

the TRS would afford the pilot a means to a quicker recovery than the traditional system.   

Net Altitude Loss 

This is the measure of the net difference of the altitude when the participant was instructed to recover 

the aircraft, and the altitude the when a positive vertical velocity was achieved. Thus, this measure was 

utilized to evaluate the claim that the use of the TRS would afford the pilot a means for less altitude loss 

during the recovery than the traditional system.   
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Chapter 7: Human-In-the-Loop Evaluation 

Results 

This chapter describes the results of the TRS prototype evaluation in the Human -Centered Design 

Institute’s 737 Flight Training Device. Subjective and objective measures were collected, analyzed, and 

reported herein. Compared with the traditional PFD in various stall scenarios, the TRS display facilitated 

significantly quicker reaction times for setting of throttles to at least 80% N1; additionally, pilot participants 

exhibited a significantly reduced time span to retain an AOA lower than 13. Participants subjectively 

reported significantly lower mental workload, frustration and overall workload as measured by NASA TLX, 

when utilizing TRS compared to the traditional PFD. TRS was found to result in significantly higher 

dimensions related to situation awareness. Usability scores were also significantly improved with the use of 

TRS. Attention rate in the PFD was significantly increased with the use of TRS during I-LOC-S scenarios.  
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Research Design 

The evaluation of the TRS prototype was conducted as a multi-factorial repeated measures design. 

The first factor (independent variable) was concerned with the evaluation of a pilot’s use of TRS compared 

to that of the traditional PFD for recovery during an I-LOC-S scenario. Thus, the two levels for display 

condition manipulation were TRS versus traditional system. The second factor (independent variable) was 

concerned with investigating how particular variations of stall scenarios affected the use of TRS and the 

traditional system. The three levels in the scenario manipulation were:  

 Nose low I-LOC-S, 

 Unusual attitude I-LOC-S, and 

 Accelerated stall (nose-high) I-LOC-S. 

Display Manipulation 

During each scenario, the pilot was asked to recover from an I-LOC-S condition utilizing either the 

TRS or the traditional PFD display (figure 72 & 73).  
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FIGURE 72: TRADITIONAL PFD CONDITION. 
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FIGURE 73: TRS MODE CONDITION. 

Stall Context Manipulation  

Based upon expert feedback, various seminal I-LOC-S contexts were elicited for inclusion in the 

TRS experiment.  The context of entry and the subsequent aircraft behaviors encountered by the pilot during 

the recovery efforts were considered to be of interest to the investigation. Of primary interest was how various 

contexts of use affected the use of TRS. Thus, analysis of this data included an investigation of interaction 

effects in addition to the effect of the main effect of the TRS manipulation. Entry into the initial I-LOC -S 

scenario was varied utilizing three elemental I-LOC-S context.  
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Nose-Low Stall 

The nose-low stall context was intended to simulate entry into an I-LOC-S scenario that arose from 

pilot distraction while maintaining a particular attitude. Interviews with professional pilots suggested that 

this might be a likely event that could arise from a distracted aircrew utilizing the autopilot in “altitude hold” 

mode—while assuming that a thrust/speed control was engaged (when in fact it was not). This could result 

in an undetected decrease in airspeed, as the autopilot hold mode steadily increases pitch to maintain the 

mode control panel (MCP) commanded altitude. Although many factors and variables may contribute to this 

scenario, a key aspect in all scenarios of this type is mode confusion (Sarter et al., 1997).   Of note, this class 

of scenario is not restricted to altitude maintenance, as it also can occur during approach (NTSB, 2014). 

For this present experimental work, the pilot was asked to maintain 20,000 feet, and to set power to 

set N1 power on both engines to approximately 50% (figure 74). The pilot was asked to steadily increase 

pitch (and trim as required) in order to maintain 20,000 feet. Deep into the aerodynamic stall, at 

approximately 21 AOA, the pilot was instructed to recover the aircraft. 

 

FIGURE 74: NOSE-LOW STALL. 
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Unusual Attitude Stall 

During this scenario, the pilot was asked to close their eyes while the aircraft controls were 

manipulated by the participant or the experimenter. When the aircraft reached approximately 21 AOA, the 

participant was instructed to open their eyes and recover the aircraft when they hear the command “recover” 

(figure 75). 

The purpose of this scenario elicited from expert feedback was to simulate a distraction on the flight 

deck with concomitant inadvertent control inputs. A scenario similar to this was encountered during the 

Colgan flt 3407 accident.  (NTSB, 2010). 

 

FIGURE 75: UNUSUAL ALTITUDE STALL. 

Accelerated Stall 

During this scenario, the participant was instructed to attain an indicated airspeed of 230 kts. Upon 

reaching the speed, the participant was instructed to move their thrust levers to idle, pitch up to at least 45°, 

and bank in a direction of their choice to attain at least 30° of bank (figure 76). The effect in introducing 
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these aggressive pitch maneuvers was to instigate an accelerated stall; this was often characterized in the 

experiment as a nose high attitude—thus these two terms will be used interchangeably.  

 

FIGURE 76: NOSE-HIGH STALL 

This I-LOC-S scenario is unique in that in operational contexts, the accelerated stall situation may 

challenge a pilot’s situation assessment—their ability to discern what is happening, and what needs to be 

done. These type of stalls occur at higher than expected airspeed, have a more rapid onset, and may occur at 

a pitch attitude not necessarily associated with a stall (FAA, 2004). Thus, cues, goals, expectations, and 

possible corrective actions may not match the experienced scenario—researchers have described this 

constellation of recognition factors as essential to the “recognition-primed decision making”. In this 

paradigm, such situation discernment, decision making, and consequential action is the result of heuristics 

employed in situation assessment and decision formulation, and action implementation (Klein, 2008) (figure 

77). 
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FIGURE 77: FAMILIAR VERSUS NOVEL SITUATION DECISION MAKING 

Trials 

Based upon the 3 x 2 between-subjects design of the TRS evaluation, each participant was asked to 

fly 6 scenarios. The result was that each combination of experimental conditions were captured in a specific 

scenario trial type. Thus, each participant was asked to fly 6 trials. Each scenario trial type consisted of a 

different combination of experimental conditions (Table 5). 

TABLE 5: DESIGN FOR EACH TRS CONDITION FOR EACH I-LOC-SCENARIO TYPE 

Scenario 

Trial Type 

Display Condition I-LOC-S Scenario 

Condition 

1 Traditional Nose-Low 

2 TRS Unusual Attitude 

3 Traditional Nose-High 

4 TRS Nose-Low 

5 Traditional Unusual Attitude 

6 TRS Nose-High 
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Order Effects 

The evaluation of TRS was conducted to understand the effect that each treatment had upon 

experiment participants. The hope was that data collected could inform future design efforts of TRS. Yet the 

risk of running repeated measures evaluations of TRS in various I-LOC conditions was that effects of 

manipulations in one scenario trial type (a unique combination of display and I-LOC-S scenario conditions) 

would confound the effects in subsequent trial type manipulations.  To address concern of residual effects of 

prior trials effecting subsequent each trials, a counter balancing strategy was implemented (Williams, 1949).  

Each participant was assigned to one of six groups based upon chronological arrival (A, B … F).  

Each group had a unique counterbalanced sequence of trial type manipulations (see table 6). For example, if 

a participant was in group D, they would experience scenario trial types in the following order: 4; 5; 3; 6; 2; 

1. This meant that this participant initially flew a TRS display, nose-low I-LOC-S scenario, followed by each 

factorial manipulation that corresponded to the scenario-trial type.  

TABLE 6: COUNTERBALANCE DESIGN 

Group 1st 2nd 3rd 4th 5th 6th 

A 1 2 6 3 5 4 

B 2 3 1 4 6 5 

C 3 4 2 5 1 6 

D 4 5 3 6 2 1 

E 5 6 4 1 3 2 

F 6 1 5 2 4 3 
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Results 

This chapter reports the results of the evaluation of TRS in the Human-Centered Design Institute’s 

737 Flight Training Device. The three areas that will be reported are subjective measures, objective 

performance measures and objective eye tracking data.  

Subjective Measures 

Reported Usability 

A one-way repeated measures analysis of variance was conducted to explore the usability of TRS 

against the traditional system as measured by the System Usability Scale (SUS usability). The means and 

standard deviations are reported in Table 7; a graph is provided in figure 78. There was a significant effect 

for the use of TRS compared to the use of the traditional system, 𝐹 (1, 18) = 18.575, 𝑝 <= .000, 𝜂2 = .508, 

and an observed power of .994. Additionally, questions 4 and 10 of SUS were analyzed to indicate 

learnability (Lewis & Sauro, 2009); and 1,2,3,5,6,7,8,9 of the SUS to indicate usability of TRS in relation to 

the traditional system. These means are respectively presented in (figures 79 and 80). 
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TABLE 7: USABILITY OF TRS VERSUS TRADITIONAL SYSTEM. 

 Pilot Category Mean Std. Deviation N 

Traditional Professional 67.500 25.3546 8 

Non-Professional 67.083 20.1086 12 

Total 67.250 21.7022 20 

TRS Professional 91.354 6.5152 8 

Non-Professional 91.875 11.0846 12 

Total 91.667 9.3189 20 
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FIGURE 78: OVERALL USABILITY. 

 

FIGURE 79: SUS SUB-SCALE: LEARNABILITY. 
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FIGURE 80: SUS SUB-SCALE: USABILITY. 

Reported Workload 

An analysis of workload was conducted utilizing the NASA TLX method. The scores were 

subjective responses of pilot participants (n= 20) following each evaluation condition. All subscales required 

a square root transformation in order to satisfy the assumption of normality. The overall weighted scale of 

workload was analyzed with the original data as it satisfied the assumption for normality. Outliers were 

present and visually inspected and determined acceptable to be included in the analysis without additional 

treatment. The assumption of sphericity was upheld, unless otherwise noted. 

 Additionally, although a within-subjects study, a between-subjects analysis was conducted based 

upon participant categorical group: professional pilots, (n= 8); and non-professional pilots (n= 12). Table 8 

summarizes all within effects as well as the interaction with pilot type; significant findings (𝛼 < .10) are 

highlighted in orange.  
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TABLE 8: SUMMARY OF WITHIN-IN SUBJECTS EFFECTS FOR NASALX AND SUB-

DIMENSIONS EXAMINING THE USE OF TRS VERSUS THE USE OF THE TRADITIONAL PFD. 

Measure  F D

F 

Er

ror DF 

p

. 
𝜂2 Po

wer 

Effort  4.

751 
1 18 .

043 

.

209 

.67

4 
Effort*Pilot 

Type 

.2

34 
1 18 .

625 

.

014 

.13

9 

Frustration 4.

202 
1 18 .

055 

.

189 

.62

8 
Frustration*

Pilot Type 

.0

09 
1 18 .

926 

.

000 

.10

1 

Mental 7.

394 
1 18 .

014 

.

291 

.83

4 
Mental*Pilot 

Type 

.0

86 
1 18 .

772 

.

005 

.11

4 

Performance 1.

002 
1 18 .

330 

.

053 

.25

2 
Performance

*Pilot Type 

.1

62 
1 18 .

755 

.

006 

.11

6 

Physical .8

44 
1 18 .

370 

.

045 

.22

9 
Physical*Pil

ot Type 

.0

05 
1 18 .

944 

.

000 

.10

1 

Temporal .0

22 
1 18 .

883 

.

001 

.10

4 
Temporal*Pi

lot Type 

.0

01 
1 18 .

973 

.

000 

.10

0 
Overall 

Workload 

7.

301 
1 18 .

015 

.

289 

.83

0 
Overall 

Workload*Pilot Type 

.0

00 
1 18 .

997 

.

000 

.10

0 

 

Effort 

A repeated measures analyses of workload was conducted on participant’s self-reported effort 

utilizing TRS (M =3.795) and the traditional PDF (M =4.0). Self-reported effort was significantly lower 

utilizing TRS than with the traditional PFD. Table 9 reports the summary of effects. 



 

 

159 

 

 

Frustration 

A repeated measures analyses of workload was conducted on participants’ self-reported frustration 

utilizing TRS (M =1.416) and the traditional PDF (M =2.231). Self-reported frustration was significantly 

lower utilizing TRS than with the traditional PFD. Table 9 reports the summary of effects. 

Mental 

A repeated measures analyses of workload was conducted on participant’s self-reported mental 

workload utilizing TRS (M =3.064) and the Traditional PDF (M =4.001). Self-reported mental workload was 

significantly lower utilizing TRS than with the traditional PFD. Table 9 reports the summary of effects. 

Performance 

A repeated measure analyses of workload was conducted on participants’ self-reported workload 

with regard to concern for performance utilizing TRS (M =4.832) and the Traditional PDF (M =4.592). Self-

reported performance measure of workload showed no significant differences between the use of TRS and 

the traditional PFD. Table 9 reports the summary of effects. 

Physical 

A repeated measures analyses of workload was conducted on participants’ self-reported physical 

effort as it relates to workload utilizing TRS (M =3.089) and the Traditional PDF (M =2.872). The two values 

were not found to be significantly different. Table 9 reports the summary of effects. 
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Temporal 

A repeated measures analyses of workload was conducted on participants’ self-reported experience 

of temporal demand as it related to workload utilizing TRS (M =3.061) and the Traditional PDF (M =3.113). 

There was no significant difference found. Table 9 reports the summary of effects. 

Overall Workload 

A repeated measure analyses of overall self-reported weighted workload based upon participants 

utilizing TRS (M =5.469) and the traditional PDF (M = 6.213). Overall weighted workload was significantly 

lower utilizing TRS than with the traditional PFD (figure 81).  

 

FIGURE 81: MAIN EFFECT OF TRS AND TRADITIONAL PFD ON OVERALL WORKLOAD. 
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Situation Awareness  

A two-way repeated measures ANOVA was performed to determine the effect on pilot participants’ 

(n=20) situation awareness of different display conditions during an aircraft stall event that was precipitated 

from an aircraft unusual attitude. Overall SA was conceptualized and computed according to the Situation 

Awareness Rating Technique (SART) (Taylor, 1990): 𝑆𝐴𝑇𝑜𝑡𝑎𝑙 = 𝑆𝐴𝑈𝑛𝑑𝑒𝑟𝑠𝑡𝑎𝑛𝑑𝑖𝑛𝑔 − (𝑆𝐴𝑆𝑢𝑝𝑝𝑙𝑦 −

𝑆𝐴𝐷𝑒𝑚𝑎𝑛𝑑). Analysis for normality of each element construct of SA showed normality of the data as assessed 

by the Shapiro-Wilk test except in the Understanding without TRS condition. A visual analysis of the normal 

QQ plots was found to be acceptable. Additionally, an analysis of outliers found them it acceptable to retain 

all values for ANOVA analysis.  

Overall SA 

There was no statistically significant effect between the traditional PFD condition (M = 8.625) and 

the TRS condition (M = 7.729) for overall SA, F(1, 18) =.669, p = .424, partial η2 = .036, and an observed 

power = .203.  

Understanding 

However, there was a significant effect for the measure of Understanding between the traditional 

PFD condition (M = 16.167) and the TRS condition (M = 17.771) with F(1, 18) = 5.645 p = .029, partial η2 = 

.239, and an observed power = .739 (figure 82). An analysis of the between-subjects factor (professional vs. 

non-professional pilot) found no significant interaction. 
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FIGURE 82: SITUATION UNDERSTANDING FOR TRADITIONAL VS. TRS PFD. 

Supply 

Additionally, there was no significant effect for the measure of information supply between the 

traditional PFD condition (M = 20.70) and the TRS condition (M = 20.35). No pilot categorical interaction 

was found. 

Demand 

However, there was a significant effect for the measure of situation demand between the traditional 

PFD condition (M = 13.250) and the TRS condition (M = 10.250) with F(1, 18) = 9.095, p = .007, partial 

η2 = .336, and an observed power = .895. An analysis of the between-subjects factor (professional vs. non-

professional pilot) found no interaction (figure 83). 
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FIGURE 83: SITUATION DEMAND FOR TRADITIONAL VS. TRS PFD. 

System State Awareness 

Nineteen pilot participants were asked to answer questions related to their subjective report of 

System State Awareness (Kasdaglis, Newton, & Lakhmani, 2014). In addition to the aggregate measure of 

SSA and the three dimensions of SSA: recognition; anticipation; and adaptation—the System State 

Awareness Form (SSAF) was designed to measure the three levels of SA according to Endlsey (1995): 

perception; comprehension; and projection. Each of these elements composed the overall construct that was 

measured. Due to violations of the assumption of normality, the use of non-parametric was selected as the 

statistical method of analysis.  
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Overall System State Awareness 

A Wilcoxon signed-rank test determined that there were statistically significant median increases in 

SA, SSA, and combined SA & SSA when participants utilized TRS compared to the traditional PFD. These 

are reported in Table 9. Mean comparisons are depicted in figure 84. 

TABLE 9: DESCRIPTIVES AND WILCOXON SIGNED RANKED TEST FOR SYSTEM STATE 

AWARENESS FOR TRS COMPARED TO TRADITIONAL PFD USE. 

Measure Condition N Mean SD Z Sig 

Overall SA  TRS 19 26.4 3.436 

-2.964 0.003 
Overall SA 

Traditional 

PFD 
19 21.0 5.406 

Overall SSA TRS 19 25.4 3.877 

-2.379 0.017 
Overall SSA 

Traditional 

PFD 
19 21.6 5.429 

Combined 

SA & SSAF 
TRS 19 57.1 7.375 

-2858 0.004 
Combined 

SA & SSAF 

Traditional 

PFD 
19 45.79 11.133 

 



 

 

165 

 

 

 

FIGURE 84: SYSTEM STATE AWARENESS MEAN SCORES. 

Ocular Measures 

Eleven pilot participants’ ocular data was gathered and analyzed in the various experimental 

conditions. Area of interest ratio and saccade: count, rate, and duration were analyzed for median difference 

in the TRS and traditional PFD condition. The mean values are presented in Table 10. Due to violations of 

the assumptions involved in traditional repeated measures ANOVA, the use of non-parametric statistical 

methods were selected for analysis. 
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TABLE 10: OCULAR MOVEMENTS MEAN VALUES. 

Measure Traditional TRS 

AOI Attention Ratio 77.216 89.906 

Number of saccades left eye 47.697 34.455 

Number of saccades right eye 35.697 29.182 

Saccades rate left eye 2.092 1.351 

Saccades rate right eye 1.588 1.198 

Mean saccade duration left (ms) 24.193 30.105 

Mean saccade duration right (ms) 20.022 25.449 

 

Area of Interest Attention Ratio 

A Wilcoxon signed-rank test determined that there was a statistically significant median increase in 

AOI Attention Ratio z = 2618, p =.009 from the use of the traditional PFD (M= 77.216%) when to the use of 

the TRS display (M = 89.906%) (figure 85). 
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FIGURE 85: AOI ATTENTION RATIO MEANS. 

Saccade Count, Rate, & Duration 

A Wilcoxon signed-rank test determined that, while there was no change in saccade duration, there 

were statistically significant median decreases in saccade count and rate from the use of the traditional PFD 

when to the use of the TRS display (Table 11).  

TABLE 11: WILCOXON SIGNED-RANK TEST OF SACCADE COUNT AND RATE. 

Median Difference Traditional PFD-TRS Z Sig. 

Saccades # Left -2.591 0.01 

Saccades # Right -2.132 0.033 

Saccade Rate Left -3.1 0.002 

Saccade Rate Right -2.26 0.024 
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Performance Measures 

Pilot performance for the use of TRS was evaluated in 6 different conditions: a) with and without 

TRS; and b) three stall scenarios, nose low stall, accelerated stall, and an unusual attitude stall. Five dependent 

performance variables were selected to indicate how the manipulation of the independent variable conditions 

affected the consequent aircraft performance, as influenced by the pilot’s aircraft control inputs. The five 

performance measures were: a) the time until the pilot set recovery thrust of 80% N1 or higher, b) the elapsed 

time, measured in seconds, until the pilot decreased AOA to below a value of 13, c) the minimum AOA 

experienced during the experimental scenario, d) the time elapsed until the pilot affected a positive aircraft 

vertical speed, and e) the net altitude loss during the experimental scenario (figure 86). 

 

FIGURE 86: PERFORMANCE MEASURES OF THE TRS EVALUATION. 
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Time Until Angle of Attack Below 13 

A repeated measures mixed ANOVA was performed to understand the effects of the use of TRS 

within various stall scenarios upon the time to reduce the aircraft’s AOA to below 13; the between subject 

comparison was concerned with exploring the interactions between this performance and whether the 

participant was a professional pilot or a non-professional pilot.  

Pilot participants (n=11) recovered, when instructed, from a nose-low, unusual attitude, and 

accelerated stall scenario utilizing the traditional display and TRS. Pilots were categorized for analysis as 

those currently flying for a profession with a carrier (n = 5) and those pilots who were not (n = 6). The 

dependent variable was the total time (seconds), as recorded from when the participant was instructed to 

recover the stalled aircraft to when the AOA of the aircraft was below 13. Across all experimental conditions 

and pilot categorical groups, pilot times to recover to below 13 AOA was less using TRS than using the 

traditional system (Table 12). 
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TABLE 12: MEAN TIMES TO RETURN AIRCRAFT TO BELOW 13 AOA. 

Descriptive Statistics 

 Pilot Type Mean Std. Deviation N 

Traditional Nose Low Professional Pilot 0:00:10.60 0:00:03.112 5 

Non-Professional 0:00:11.22 0:00:04.269 6 

Total 0:00:10.94 0:00:03.618 11 

Traditional Unusual Attitude Professional Pilot 0:00:13.94 0:00:08.656 5 

Non-Professional 0:00:21.37 0:00:07.256 6 

Total 0:00:17.99 0:00:08.446 11 

Traditional Accelerated Professional Pilot 0:00:20.40 0:00:07.819 5 

Non-Professional 0:00:25.42 0:00:09.595 6 

Total 0:00:23.14 0:00:08.795 11 

TRS Nose Low Professional Pilot 0:00:10.06 0:00:02.033 5 

Non-Professional 0:00:06.88 0:00:02.679 6 

Total 0:00:08.33 0:00:02.828 11 

TRS Unusual Attitude Professional Pilot 0:00:17.38 0:00:09.157 5 

Non-Professional 0:00:10.92 0:00:10.884 6 

Total 0:00:13.85 0:00:10.206 11 

TRS Accelerated Professional Pilot 0:00:19.04 0:00:06.792 5 

Non-Professional 0:00:12.63 0:00:04.888 6 

Total 0:00:15.55 0:00:06.449 11 

 

The assumptions of homogeneity of variances was met, as assessed by Levene's Test for Equality 

of Variances. The assumption of sphericity was met, as assessed by Mauchly's Test of Sphericity. The data 

met the assumption of normality, as assessed by the Shapiro-Wilk Test of Normality. Outliers were present 

when examined in Box plots of within-subject factors divided into between-subjects groups. This data 

appeared to be accurate; comparisons of analysis without between-subjects analysis eliminated outliers while 

retaining overall results. Therefore, outlier data was retained and analyzed in the final analysis.   
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There was a statistically significant main effect of TRS upon the total time to return the aircraft to 

an AOA below 13, F = (1, 9) =10.61, p = .01, partial η2 = .541, and an observed power of .912.  While 

scenario type did significantly influence performance, there was no statistical interaction between TRS and  

scenario type. Further, a statistically significant interaction between TRS and professional pilot type was 

found (Table 13).   

TABLE 13 ANALYSIS OF VARIANCE OF TIME UNTIL AOA RECOVERS TO 

BELOW 13 

 

The average time, across all participants, to return the aircraft to an AOA below 13 was less for 

those using TRS (M = 12.82 seconds, SD = 4. 36 seconds) than those using the traditional system (M = 17.16 

seconds, SD = 4.5 seconds) (figure 87).  
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FIGURE 87: TOTAL TIME UNTIL BELOW 13 AOA ACROSS ALL PARTICIPANTS SCENARIO 

TYPE HAD NO SIGNIFICANT INTERACTION ON WITH THE USE OF TRS. 

A significant interaction was observed with the use of TRS between pilot categorical groups 

(professional vs. non-professional). The between-subjects analysis revealed that while professional pilots did 

not exhibit a significant performance difference between the use of the traditional system (M = 14.98 seconds, 

SD = 6.08 seconds) and the use of TRS (M = 15.49 seconds, SD = 5.23 seconds), non-professional pilots 
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exhibited a significant reduction in time between the use of the traditional system (M = 19.33 seconds, SD = 

5.55 seconds) and the use of TRS (M = 10.144 seconds, SD = 4.77 seconds) (figure 88). 

 

FIGURE 88: INTERACTION BETWEEN PILOT TYPE AND USE OF TRS 
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Time until Vertical Velocity Indicator Reversal (VVIR) 

Positive Rate 

A repeated measures mixed ANOVA was performed to understand the effects of the use of TRS 

within various stall scenarios upon the time to for the pilot-aircraft system to attain a positive rate of climb; 

no significant differences in time were found, nor interactions in pilot categorical groups.   

Minimum Angle of Attack 

A repeated measures mixed ANOVA was performed to understand the effects of the use of TRS 

compared to the traditional PFD within various stall scenarios upon the minimum AOA attained during the 

scenario; no significant differences in time were found, nor interactions in pilot categorical groups.   

Net Altitude Loss 

A repeated measures mixed ANOVA was performed to understand the effects of the use of TRS 

compared to the traditional PFD within various stall scenarios upon the net altitude loss in the scenario; no 

significant differences in time were found, nor interactions in pilot categorical groups.   
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Time Until Throttles Set 80% or Above 

A repeated measures mixed ANOVA was performed to understand the effects of the use of TRS 

within various stall scenarios upon the pilot’s response time to advance the aircraft throttles to greater than 

or equal to 80% N1. The between-subjects comparison was concerned with exploring the interactions 

between performance and whether the participant was a professional pilot or a non-professional pilot. 

However, this data did not meet the assumption of normality, as assessed by the Shapiro-Wilk Test of 

Normality. Further, outliers were present. Therefore, a transformation of the data was performed by a log10 

function. Reassessment of the normality found that that the data met the assumption of normality. One outlier, 

participant 15, was found to be an outlier by examination of Box plots. However, this variable was found be 

accurate and the value was retained.   

Pilot participants (n=11) recovered, when instructed, from a nose-low, unusual attitude, and 

accelerated stall scenario utilizing the traditional display and TRS. Pilots were categorized for analysis as 

those currently flying for a profession with a carrier (n = 5) and those pilots who were not (n = 6). The 

dependent variable was the total time (seconds), as recorded from when the participant was instructed to 

recover the stalled aircraft to when the aircraft’s engines reached 80% or greater N1. Across all experimental 

conditions and pilot categorical groups, except professional pilots in a nose-low condition stall, pilot reaction 

time to set engine power to at least 80% N1 was shorter using TRS than using the traditional system (Table 

14)
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TABLE 14: TIME UNTIL THROTTLE SET TO ≥ 80% N1 

Descriptive Statistics 

 
Professional pilot Mean Std. Deviation N 

Traditional Nose Low  Professional  0:00:02.94 0:00:00.805 5 

Non-Professional 0:00:10.38 0:00:18.072 6 

Total 0:00:07.00 0:00:13.367 11 

Traditional Unusual Attitude Professional  0:00:25.76 0:00:26.846 5 

Non-Professional 0:00:31.27 0:00:37.541 6 

Total 0:00:28.76 0:00:31.642 11 

Traditional Accelerated Professional  0:00:15.54 0:00:23.498 5 

Non-Professional 0:00:16.68 0:00:25.625 6 

Total 0:00:16.16 0:00:23.442 11 

TRS Nose Low   Professional  0:00:04.55 0:00:03.601 5 

Non-Professional 0:00:05.35 0:00:04.745 6 

Total 0:00:04.99 0:00:04.077 11 

TRS Unusual Attitude Professional  0:00:06.46 0:00:04.830 5 

Non-Professional 0:00:04.45 0:00:02.031 6 

Total 0:00:05.36 0:00:03.535 11 

TRS Accelerated 

 

Professional  0:00:05.72 0:00:03.520 5 

Non-Professional 0:00:02.65 0:00:00.602 6 

Total 0:00:04.05 0:00:02.776 11 

 

There was a statistically significant main effect of TRS upon elapsed total time to 

set throttles to at least 80%, F= (1, 9) =7.874, p = .021, partial η2 = .467, and an observed 

power of .827. The mean times for the pilots to set the throttles to at least 80% on the 
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traditional display (M = 17.10 seconds, SD = 15.31 seconds) reduced significantly with the 

use of the TRS display (M = 4.86 seconds, SD = 2.83 seconds). Scenario type did 

significantly influence performance; there was no statistical interaction between TRS and 

scenario type. No statistically significant interaction between TRS and professional pilot 

type was found.  Across all pilot types, TRS reduced time until throttle setting to at least 

80% (figure 89). 

 

FIGURE 89: ELAPSED TIME TO SET THROTTLES TO AT LEAST 80% N1 
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Chapter 8: Discussion and 

Conclusion 

The concomitant measures captured in the evaluation of TRS suggest that this tool 

does afford appropriate action during an I-LOC-S event. It is acknowledged that TRS is a 

disruptive technology in that it breaks continuity with the traditional PFD display design 

trajectory. No doubt, this system and its approach will require more intensive 

consideration than traditional interventions regarding regulatory implementation of this 

adaptive display. Regardless, this work has been able to show that in the HITSL conducted 

the TRS prototype 4 system helped pilots quickly restore the aircraft to controlled flight. 

 TRS provided pilot participants with an adaptive display that removed 

information unnecessary for I-LOC recovery. TRS was shown to improve objective pilot 

performance and situational understanding while attaining exceptional reported usability 

scores. Mental, frustration, and effort measures of workload were decreased. The use of 

cognitive countermeasures in this design suggest the possibility that such a design choice 

can be used to capture a pilot’s attention and elicit appropriate action. 
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Overview 

Hollnagel and Woods stated “cognitive systems do not passively react to events; 

they rather actively look for information and their actions are determined by purposes and 

intentions as well as externally available information and events” (Hollnagel & Woods, 

2005, p. 16). This means that effective cognitive systems are not composed of disparate 

actors operating in a sequentially discrete manner in order to process self-referent input 

necessarily corresponding to a proportional output. Rather, cognitive systems are 

characterized by iterative processes (figure 90; Neisser, 1976); they are composed of co-

actors iteratively engaging and acting upon their environment. The term co-actors are used 

here to be synonymous with co-agency—suggesting coordinated intentionality and 

purpose. Specifically, co-agents act as a whole, with intentional effort to affect a change 

self-referentially (as far a necessary to serve the overall purpose of the system), and 

consequently in the agent’s environment, in order to fulfill a function that achieves the 

cognitive system’s overall purpose.  

As has been already shown, the claim in this volume is that multi-agent cognitive 

systems are understood as being composed of various entities that are best described by 

their functions rather than structures. The century-old debate (Calkins, 1906) of the merits 

of each are not part of the issue here, except that to note that the cognitive system 

engineering theorists see greater value in understanding what is happening and is 

observable (performance), rather than speculation on the internal components (Hollnagel 

& Woods, 2005). Intuitively, design is concerned with an outcome. Specifically, the subject 
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of this work, HCD is concerned with creation of a design that improves safety, comfort and 

efficiency; and is viable, desirable and feasible (Boy, 2011; IDEO & IDEO.org, 2015)—

all of these descriptions of HCD can be empirically examined.  

Thus, inherent in the cognitive systems engineering approach is an interest in 

facilitating functions that produce desirable work. Explicit in this approach is the 

distinction between functions in the mind as opposed cognitive functions involved in 

work—one is internal, and by necessity subject to conjectured construction, while the other 

is external, thus observable and empirically tractable. Further, inspection of the individual 

mind is not discounted, but constrained to what is necessary to enable overall cognitive 

functionality.   

On a slightly more micro-level, it is acknowledged that this purposeful action is 

conducted by an agent that possesses knowledge of its role, environment (context) and its 

own capabilities (resources), to: 1) affect change in that environment, and/or 2) improve 

its knowledge of its environment (Lewin, 2013; Tolman, 1948; Tolman, 1951). Such 

knowledge acquisition includes non-sequential active, selective, iterative, and interpretive 

engagement with information.  
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FIGURE 90: ITERATIVE COGNITION. ADAPTED FROM ULRIC NEISSER’S 

ACTION-PERCEPTION CYCLE, COGNITION AND REALITY: PRINCIPLES AND 

IMPLICATIONS OF COGNITIVE PSYCHOLOGY, 1976. 

  



 

 

182 

 

 

From Interaction to Co-Agency 

Traditional notions of human-machine interaction insist that a barrier between the 

artificial agent entity and the entity of the individual be respected. Insistence on this 

perspective necessitates a great focus on examination and articulation of each individual 

entity and its own internal functions. This obviously results in an undesirable reductionist 

approach. Also implicit in this is the need to mediate the interactions between the machine 

and the person embedded in the system. The formal methods for the design of these 

mediums are known as interface design principles (figure 91). 

 

FIGURE 91: INTERFACE DESIGN AND ITS METHODS. 

Notable in figure 91 is that while the internal functions and corresponding 

structures of right side (compute/machine) can be described with precision, the left side 

(the human) is left with glaring ambiguity regarding SR. That is, the arrow is represents 

“something” that is happening between the stimulus and the response. Notions, 

experiments, and papers of “what” that something is have filled libraries. Principles for 

design have emerged from these ideas; for example, principles based upon working and 
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long-term memory have resulted in display’s that respect the ideas related to the chunking 

of information (Wickens, 2003). 

Unfortunately, the variability of human performance may lead some to discount 

empirical observations as noise—when those observations of human variability violate the 

a priori principle. The danger is obvious; results of tightly controlled laboratory 

experiments are generalized and then applied to the objective world. When humans act 

with variety and the outcome is good, we applaud (consider the true, but near legendary 

tale of the Miracle on the Hudson); however, when the outcome is less than desirable, we 

are tempted to see these as the human in an error state (Hollnagel, 2012).  

Thus, scientists like Boy (2013a) have insisted on another way to understand 

system performance—another way to design stable resilient systems—HCD. Such an 

approach is in league with seeing cognition embodied in the environment and with the tools 

that are employed. Moreover, these methods are primarily interested in what is happening 

to the system and what the system is doing in the context; the emphasis is not on the 

“something” but in the observable “activity” in situ. Some “focus on the cognition of the 

individual as a sub stratum for action rather than looking to the quality of the action in the 

ability of the joint system to stay in control” (Hollnagel & Woods, 2005, p. 18). However, 

adherents to paradigm of joint cognitive systems insist on the interactive improvement of 

a design of a system based upon an evaluation with humans-in-the-loop. 
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TRS: Human-in-the-Loop Testing 

The TRS has been created to address the menace of I-LOC. At present, it is the 

leading cause of commercial aviation fatalities. This work offers rationale from a human-

centered perspective on solutions for a reliable safety critical system. Central to these 

efforts are design rationales that make explicit the issue of authority and autonomy. From 

this initial consideration, this work was able to seek emergent interactions between actors 

and resources within the existing and proposed system.  

While I previously discussed the formative aspect of the employment of HCD 

to the development of TRS, HCD practice must be brought to bear on a summative sense. 

As the saying goes, “the proof is in the pudding”. Thus, consideration of the results from 

the evaluation indicate that a solution that is proposed in I-LOC-S is a human-centered 

technology. Results suggest that in this context safety, efficiency and comfort were 

improved through the use of TRS. This suggestion is inferred by the objective 

performance results—namely safety and efficiency can be related to the accuracy and 

speed of an action; and comfort from the subjective measures to include improved 

usability and workload measures.     

Subjective Measures: Context and Usability 

Usability is defined by ISO 9241-11 according to three components: 

effectiveness, efficiency, and satisfaction—further, these are all relative to the context of 

use (Brooke, 2013). The System Usability Scale (SUS) has been used for decades to 

evaluate technology as it relates to usability.  The scale was introduced in 1986 as a method 
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to perm a “quick and dirty” evaluation of an interface (Sauro, 2011). Participants who used 

TRS in the context of use reported the SUS score of over 92; this is in contrast to the 

traditional PFD in the context of use SUS score being 67.  If the pattern observed by Bangor 

and colleagues (2008) during their examination of 10 years of the SUS evaluations is 

accurate—where any score below 70 shows area for concern, then TRS has been shown in 

this evaluation to have excellent usability.  

Of course other methods that are employed to include cognitive walkthroughs 

(Nielsen, 1994). One year prior to the formal evaluation of TRS, such a walk-through was 

performed at the Airline Pilots Association annual safety conference. During that time, 10 

airline pilots were shown TRS and its functionality through the Wizard of Oz prototype 3. 

This evaluation was meant to validate the TRS concept with professional pilots. As stated 

previously, the results of a survey of professional pilots had also shown the desirability for 

a flight director type device that would guide the pilot through and I-LOC event. So then, 

along the path of TRS development, many validation checks were made.  

Specifically, these checks were concerned with the usability of the tool. Prior to 

the human-in-the-loop simulation, the concern was a pilot’s acceptance of the idea of TRS. 

As a whole, acceptance of the TRS tool was positive. There was some apprehension at 

times regarding the use of cognitive countermeasures—removing traditionally presented 

aircraft performance information from the pilot PFD. Anecdotally, during the evaluation 

of prototype 4 in the 737 simulator, pilots seemed much more accepting of the idea of 

removing the performance tapes. In fact, only one pilot participant during the evaluation 

specifically commented of their dislike of the removal of the performance tapes. Such 

observations are not unexpected in that inherent in the very definition of usability is the 
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issue of context. It is one thing to imagine the virtue or lack thereof of the performance 

information being present during a particular context, but it is quite another to actually use 

the tool in the context. Thus, it seemed as though the pilots were much more accepting of 

the tool when they actually had to use it. 

Four comments that are indicative of problems with the traditional display in 

context that are helpful in that they help to articulate this point are: 

 Participant 20 stated that, for the use of the traditional system, it was “difficult to 

recover extreme unusual attitudes” 

 Participant 2 stated that there is “no positive feedback” in the traditional system 

 Participants 7 stated plainly that the traditional system “did not aid me” 

 Participant 11 stated the traditional system “requires rapid scan” 

These comments seem to capture the experience that was observed by the 

experimenter during the pilot’s interactions with the traditional system in the context 

scenarios. Out of the total participants queried (n=19) about what they like about the 

traditional system in the recovery context, nearly half (9) participants 20, 19, 18, 15, 13, 

11, 5, 3, and 2 indicated that they like the system simply because of their familiarity with 

it. This was not necessarily a hearty endorsement of the tool. Rather, it seemed to hint at a 

bit of resignation; or in the words of participant 9 when asked what they like about the 

traditional system: “what is presently available”. Conversely, comments that were not 

unusual from the whole and were indicative of the participants experience with TRS in the 

scenario context are: 
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Participant 4 stated: “Not complex” 

Participant 5 stated: “It allowed me to focus in one place to recover to say flight” 

Participant 13: “Very easy to learn to fly” 

Participant 8 stated: “It’s simple” 

Participant 7 stated “It’s easy to use” 

Participant 12: “It gave me assurance I was doing the correct action” 

These comments suggest that the participants could identify something specific 

they liked in the TRS, quite unlike their reactions to the traditional tool.   

Workload 

Usability and workload are directly related to one another. In fact, one can say 

one is a subset of the other. If the system is usable it is efficient, effective, and satisfying; 

such properties could hardly exist with a system that induces high workload. Overall, lower 

workload as measured by NASA TLX and improved usability were reported with the use 

of TRS as compared to the use of the traditional PFD. In the sub-dimensions of workload, 

it was notable that mental demand, frustration, and effort all showed a significant decrease. 

These results are consistent with the evidence reported for usability. 

The task of recovery from an I-LOC-S has been modeled in figure 92. This model 

describes the context, a hierarchy of the task, the roles, and the physical instantiations to 

be utilized. When pilot participants were asked to describe the strategies that they 
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employed for recovery with the traditional system, none could completely and accurately 

articulate how recovery from such an event could be accomplished. Instead, the 

disappearance reports were much more phenomenological. That is, the participant’s reports 

of the strategies employed and the corresponding physical instantiations for I-LOC-S were 

hardly heterogeneous, and indicated salient aspects of the recovery that were personal to 

each particular participant. This is not to say that pilots did not know what to do; instead, 

it suggests that pilots had a very hard time articulating what it was they were doing. 

 

FIGURE 92: SINGLE AGENT MODEL OF I-LOC-S RECOVERY  
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The difficulty involved in the articulation of the steps in a task are not necessarily 

remarkable. “Out loud protocols” task a person to think about, and articulate actions that 

they take for granted, and that are conducted with automaticity.  

Yet there is something different occurring in the recovery task that must be noted. 

No participant stated the values to which aircraft effectors would be manipulated in order 

to affect a recovery. No participant said “I will advance my throttles to N%” and no 

participant said “I will decrease aircraft pitch to N degrees”. This is because no training or 

instrumentation exist that would elicit such a response. Therefore, inaccurate response, 

based on the use of the traditional PFD is stated by participant 8: “reduce pitch, increase 

power; breaks stall; recover. The responses of what tool would be used to do this work was 

scattered from responses like “combination of instruments” to ADI. The point is that 

beyond the articulation problem for performing a recovery in this context was an ambiguity 

in what exactly to do, by how much and what to use to do it. Figure 92, the model of single 

agent recovery, depicts that there are many dimensions to capture and organize before 

rationale action can emerge.  

This was not true for the TRS condition. Nearly all of the participants indicated 

that they would simply follow the TRS representation for recovery. For example, 

participants 10 through 20 gave responses as follows: 

 participant 20: “Target the bull’s-eye” 

 participant 19: “Smoothly bring the target into the circle” 

 participant 18: “Focus on the new symbology” 

 participant 17: “Following TRS guidance” 
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 participant 16: “Fly to the target” 

 participant 15: “Pitch to the dot” 

 participant 14: “Put the aircraft reference bars in the circle” 

 participant 13: “Power to fill the circle green and bank/pitch to the center” 

 participant 12: “Chase the dot” 

 participant 11: “Focus on the new cue” 

 participant 10: “Fly the bull’s-eye 

 

 

FIGURE 93: MULTI-AGENT MODEL OF I-LOC-S RECOVERY
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Figure 93 is a multi-agent model of what could occur if TRS was used in the context of I-LOC-S. 

This model exemplifies the idea of cooperation by understanding (Boy, 1998). Thus TRS is not simply a 

display to look at, but a system that mediates interaction based upon context. The result is that TRS can 

provide support for what must be done in an I-LOC-S, a high gain task in an ambiguous context. In terms of 

workload, the task of discernment and action have been distributed throughout three agents: the pilot flying, 

the pilot not flying, and the TRS agent.  

Situation Awareness 

Naturally, this leads to consideration of situation awareness. One complaint for the construct that is 

typically articulated is that it does not necessarily lead to action (Kasdaglis, Newton, & Lakhmani, 2014); 

thus, it is been proposed that a better construct be utilized that includes a model for multi-agent action in 

complex context. This model is known as System State Awareness. As previously stated the elements of this 

model are recognition, anticipation, and adaptation. 

Subjective reports of SA as measured by SART show that TRS was able to increase significantly 

situation understanding and decrease situation demand, while having no decrement to information supply nor 

overall situation awareness. This seems to be remarkable in that information was removed from the display. 

It is in this way, one may be able to say “less is more”.  

However, it is interesting to consider how the participants found that their understanding of the 

situation increased with less information. The results from the system state awareness measure may suggest 

an explanation. The participants—when provided the means to recognize the situation, anticipate its 

demands, and act accordingly—felt that they were better able to understand the situation. Thus, it appears 

that system state awareness and situation awareness are complementary to each other as a method of analysis. 

Regarding TRS, improving one’s notion of what to do in the situation may improve one’s understanding of 
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the situation. Understanding of the situation is not necessarily an abstract notion of comprehension, but 

instead may be closely linked to one’s requisite activity. 

Performance Measures 

The goal of TRS was to create a proof of concept of affording what to do in an I-LOC-S situation. 

As the goal of HCD is to have the highest fidelity human-in-the-loop simulation is possible, it was elected to 

utilize a primitive algorithm in order to see how one would actually interact with the representation that was 

driven by automation. There is still much work to be done in the development of an algorithm that is 

aerodynamically optimized. 

Yet the algorithm created for prototype 4 has virtue for this discussion. The basis of this algorithm 

was that a pitch command would be represented to the pilot that would allow for matching of the relative 

wind to what was required for restoration of airflow over the wing. In other words, the algorithm made 

tangible a representation of what needed to be done in order to enable the process of lift to occur. Recall that 

based upon the correspondence model, real-world principles must be respected (Vicente, 1990). In this sense, 

TRS provided in ecological representation of the world. It displayed cues of the principles and processes of 

the real world that must be respected in order to produce the product of safe and efficient flight. 

Based upon this primitive algorithm, we were able to show that providing such a representation did 

produce a significantly quicker time for the aircraft to return to an AOA below 13. 

Eye Tracking 

Introduction of external stimuli—the TRS representation—drew the attention of the pilot to the 

PFD. This finding was supported by a significantly increased area of interest attention ratio, and decrease in 

saccade rate and count. This suggests that the TRS representation succeeded in its aim to increase the pilot’s 

attention to what mattered at that moment for the right action. This is supported by the comments of the pilot 
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participants documented in the workload section of this discussion; the homogeneous response was to follow 

the target.  

Constellation of Measures and Results  

Results that emerge from human-in-the-loop systems must be considered as whole—as this whole 

is what composes the context. Therefore, as noted in the results chapter, it was shown that usability and 

learnability in concert with improved performance, in the realm of a pilot’s ability to quickly set the 

throttles to at least 80% N1 and to affect a return of the aircraft to an AOA below 13, occurred. Further, 

eye tracking data indicated that the external stimulus that was created and animated by TRS benefited 

performance. Finally, while removing information, using cognitive counter-measures left situation 

awareness unchanged.  

Therefore, it is the expected that the discussion of this topic, while acknowledging the good of 

the system, must specifically apply a rationale to what we believe we have done in the creation of this 

tool. Further, it is requisite to understand the limitations on this work, as it is still in its infancy and requires 

further development. 

Rationale of “What Has Been Done” 

As we have already exhibited, human cognition transcends the mind. It is actually best understood 

as an activity that draws contextual cues, reacts to contextual stimuli, and acts upon the world in which it is 

embedded through tools. TRS is a tool that afford what must be done in the world. This is especially helpful 

in a life-critical environment as the right action most often must be performed at the right time, utilizing the 

right tools. These three elements will now be considered. 
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The Right Tool for the Right Acton at the Right Time 

To the point of the latter element—the right tool, the salient bulls-eye of TRS draws attention, as 

shown by the AOI attention ration results. Yet this may not have been the case if the removal of airspeed, 

altitude, and vertical velocity tapes had not been replaced with the TRS annunciation. The usefulness of the 

cognitive countermeasure and the target’s saliency is therefore difficult to parse, as there was no experimental 

mixed condition—that is, a manipulation that would have kept the aerodynamic performance tapes in place 

and simply over-laid. Because such a manipulation did not occur in this evaluation, future work in this realm 

in the concomitant use of salient representation and the use the cognitive-countermeasures must be parsed 

out, to see if interactions of these moderate the outcome variables.  

The right action refers to the ability of the pilot to understand the state of the aircraft, understand 

the projected state of the aircraft, formulate a desired state, and reduce error between the present state and 

the desired state. This is similar to the concept of the closed-loop control system (figure 94). Here the task is 

simply to reduce error. The conceptualized I-LOC-S recovery task is the same with and without TRS—error 

(the AOA) must be reduced. The action is explicit, yet the question remains: what indicates the error of AOA? 

Further, what is the cost to the pilot to access this information, and then formulate the right response? TRS 

attempts to make explicit the error of AOA that must be corrected. Thus, in this sense it is affording AOA 

information as it relates to appropriate action. 
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FIGURE 94: CLOSE LOOP CONTROL SYSTEM. 

Interactions and TRS Limitations 

Evaluation in HCD, as already stated, is not simply a process of validation, but it can be used as 

means to discover what must be changed in the design. These discoveries are only made in observations of 

interactions. So then, in addition to formal evaluation of TRS, formative evaluation was performed.  

This aspect of the development of TRS was required for the consideration of adaptable 

configurations settings to be built into the code of TRS so that very rapid changes could be made to the 

dynamic behavior of the systems representations (figure 95). It was felt that if experts gave input to the 

system, changes could be made while the expert was present and then retested. Two notable formative 

adjustments to TRS were the correction of the amount that TRS pitches up and the rate at which it pitches.  

Adjustment 1 

The first adjustment was made on participant 1 (the pilot of the study). Participant 1, a military 

trained 737 captain with a major US airline, was concerned that during the pitch up maneuver, following 

restoration of the aircraft’s AOA would result in a nose high attitude to the aircraft—and the requirement to 

perform a nose high recovery for an unusual attitude. Is in this sense, a recovery from the I-LOC-S event 
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would result in a sequential perturbation to the aircraft stable flight. Based upon this input, the parameter of 

“TRS Top Boundary” was reduced. The expert pilot was then asked to perform another recovery and report 

how it felt to him. The pilot was ecstatic and pleased at the difference. The TRS lowered top boundary value 

remained at that value for all subsequent participant trials over the entire TRS evaluation study.  

 

FIGURE 95: ADAPTABLE TRS CONFIGURATIONS. 
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Adjustment 2  

On another occasion, participant 19, a military trained major airline first officer communicated that 

he did not trust TRS because of the speed at which the target moved upward. He explained that he had 

difficulty not wanting to confirm its guidance because the speed at which TRS directed a pull up was too 

aggressive in his opinion. After all evaluations were completed for this participant, an adjustment was made 

to the rate at which TRS moves. The pilot was then asked to fly TRS in a recovery maneuver. On the first 

iteration, the pilot exclaimed that this was much better! Another iteration was made to fine tune the speed of 

the movement. The original value was returned to not give an advantage to the following participant.  

Limitations 

Limitations to the system and its application have yet to be explored. Future research would do well 

to consider the following areas: mixed display, regulatory issues, and algorithm refinement. 

Mixed Display 

There is a need to consider and potentially test a mixed display that does not eliminate performance 

tapes. Careful consideration should be given to the impact that such a change could make to the attention 

grabbing nature of TRS as exhibited in this experiment. Further, the mixed display may provide an 

undesirable path to cognitive tunneling. Yet this remains to be seen. 

Related to the issue of mix displays should be the consideration of the use of transparency and 

opacity. That is, as TRS seeks to be context-sensitive and adaptive to the needs of the pilot, setting changes 

in the display should be avoided. Instead, TRS can slowly fade in and fade out representations based upon 

the context. This type of design can prevent pilots from becoming suddenly disorientated from having 

followed guidance in the sudden removal of the TRS representation. 
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Regulatory Issues 

Acknowledgment must be given to the fact that the present regulatory environment may not support 

such a disruptive change to a pilot’s PFD. There are many still who believe that a fundamental change to a 

PFD; its ability to adapt; or addition or subtraction of information is unnecessary. Given the success of TRS 

in helping nonprofessional pilots to quickly reduce AOA below 13, it seems logical that one way to confront 

the regulatory challenge is to introduce TRS incrementally to the general aviation population. This does not 

preclude the requirement for further testing before implementation of the system. 

Algorithm Refinement 

It appears that where the work has been done on computational algorithms for I-LOC events, it 

seems appropriate for future work on TRS to integrate these efforts (Klyde, David H Klyde, & Duane 

McRuer, 2009; McRuer, 1997). HCD is said to orchestrate multidisciplinary teams (Boy, 2013b). Thus, 

future prototypes of TRS should include experts in aerodynamic vehicle control. Related to the refinement 

of the TRS algorithm is inclusion of additional features of TRS that are part of each mode of operation (e.g. 

terrain avoidance concomitant with reduction of AOA). 

The conceptual design efforts that were scenario based. The use of “use-cases” was employed 

instead of a formal system description (e.g. SysML). These high level scenarios based efforts can provide 

tangibility to design concepts that must be communicated to design stakeholders, provide flexibility in the 

construction of design questions and choices, and offer an expedient way to get design to a testable prototype. 

Future efforts in the development of TRS will require more formal descriptions and system specifications.  
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Concluding Remarks 

TRS was designed as a means by which a pilot would know how to act in a time-constrained, 

befuddling situation. We showed that TRS is a good candidate to provide situation awareness support that 

includes include perception of aircraft aerodynamic state, comprehension of situation criticality, and 

appropriateness of projected actions to be taken. Consequently, TRS is intended to provide a means for 

recovery from and I-LOC-S event. TRS can be considered as a team-player working in symbiosis with the 

pilot, distributing cognition on the flight- deck.  This was a design choice; that is, it was elected not to 

automate the entire process, but instead to keep human and TRS involved as a joint cognitive system. 
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Appendix A: Elements of “A Human-Centered” 

Design 

What will unfold in this section is an introduction of the elements of HCD; this discussion will be 

embedded in a domain and application that being aviation and the TRS respectively. 

In that light, I first offer the claim that the conduct of safe powered flight by a pilot is more than a 

set of programmed operations performed on an aircraft in the form of formalized procedures. The pilot-

aircraft system (PAS) is more than the manipulation of a physical structure of an airfoil to harness the effects 

of lift. In the physical sense, powered flight is an emergent property that arises from the complex interactions 

of technology, organizations, and people (Boy, 1998b). Yet the tangible reality of flight is composed of 

elementary intangibles as well—the link that bridges the tangible to the intangible is human action. 

  Among other things, the instantiated reality of an aircraft in flight is accomplished by a pilot’s 

knowledge, skills, and attitudes (KSA); they are generally formulated by formal training, and flight 

experiences. Aviating, Navigating, and Communicating (ANC), the core tasks of a pilot’s work, is made 

explicit through a pilot’s training and daily work.  Yet this is not all—these (KSA) elemental components do 

not necessarily yield wisdom. A wise pilot has structured their knowledge of ANC around a broader aviation 

corpus—a cultural ethos of sorts. This corpus encapsulates values prized by pilots. This cultural ethos held 

is a collective wisdom that arises from stories, legends, and collective experiences. Moreover, this ethos 

serves to impose categorization of one’s training and experience to a priori structures. Thus, the performance 

(functions) of a task is viewed, understood, performed from, and grounded in this broader corpus. For 

example, pilots are very familiar with the names and disguising characteristics of the aviation greats— the 

ingenious Wrights brothers, the stalwart Lindbergh, the pioneering Earhart, the tenacious Yeager, and the 
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dauntless Sullenberger. More than their names, the qualities they displayed serve to describe how the project 

of flying an aircraft should be conducted.  

In addition to the notables of aviation history and culture, there exist the harbingers of how flying 

an aircraft should not be done. In the United States Air Force, new pilot trainees, on the first days of training, 

are given a book called “The Road to Wings”. The road described therein is not a hopeful volume that 

describes the cathartic journey through hardships down a “yellow brick road” to a land of self-discovery; 

instead, it is a true to life dark novel with no happy ending. In truth, the monograph is an obituary, a post- 

mortem of the anatomy of one failure to attain a USAF pilot rating (their “wings”). Instead, the actual 

outcome most often reported was a fiery crash and consequential death of a young life. This book hardly 

serves as a motivator for new aviators, yet it still is required reading. Why? Is this form of morbid motivation 

unique to USAF pilot training? Actually, the aviation community, military, civilian or otherwise, has a long 

tradition of describing how one has met their end—formally it is called an accident report.  

Whatever the nature of the milestones that are memorialized in a domain, they are used to formulate 

a structure by which the pragmatic or tangible finds its place in the semantic or intangible. Thus, the ethos 

that is culturally birthed and iteratively reformed by future generations, organizes how the action is 

understood and more importantly why it is done.  

Purpose 

In truth, many expert domains that practice life-critical endeavors practice memorialization of 

milestones of failure. For example, in medicine, evaluation and comparison of mortality has been utilized to 

this day to analyze and improve patient care, notably the pedigree of this tradition includes the work of 

Florence Nightingale in the days of the Crimean conflict. Thus, the reason for such introspections is 

protection of what we value most, purpose—that is (in this example), when life and death are on the line, 

mistakes must be paid with the ultimate currency, a life. Clearly, in life-critical endeavors, the purpose of the 
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system—to fly, to heal, to protect, etc., is actually to subservient to the greatest human-centered priority—

which is to be alive and to continue in living.  Even machines of war are human-centered in that their ultimate 

purpose is to continue life; even it is used in a limited and self-referential.  

Non in pane solo vivit homo. Intuitively we know that there is more to life than simply living. The 

words above “man shall not live on bread alone…” (Matthew 4:4 New International Version Bible) form a 

great statement that epitomizes this existential reality. These words were spoken by a poor Jewish Rabbi 

under Ancient Roman oppression, a context that brings to the forefront the existence of larger priorities than 

simply living. In recent times, Maslow helped us to formalize a particular perspective of what in human life 

is requisite (Maslow, 1943).  Love, belonging, esteem, and self-actualization speak of something greater. Yet 

remarkably, these priceless properties of life are abstract. They come to life through tangible interaction with 

the world. In other words, the semantics of living are emergent properties that come to life through the 

pragmatic interaction with the tangible.  For example, flight enables efficient travel. Yet travel has many 

meanings, as it is not a purpose in and of itself. Powered flight has immense meaning and greater purpose to 

human needs. Airplanes serve a purpose—and the consequence is that business is done, families are reunited, 

and wars are won. All of these products can easily be mapped onto Maslow’s hierarchy. 

Principles 

We live and experience rich living, through interactive living, through activity with others and our 

environment. This isn’t optional; dare I say no one has ever lived in perfect isolation from another; at some 

point, a human has interacted with another human. Even in solitude, and from the oldest traditions, humans 

have been understood to interact intra-personally. Implicitly, Plato’s ideas of dualism indicate that such 

interactions are a reality. Indeed, elements of our existence postulated by philosophical and psychological 

great often take the form of an interactive triad. For example, the soma, psyche and pneuma trichotomy 

necessitates interaction between mind, body, and soul.  
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In addition to human interactions with parts of self, and others, there exist requisite interactions with 

the environment through tools. Implicit here is that the self, others, and our environment operate by certain 

constraints or principles (e.g. gravity). As already stated, this action is purposeful. Furthermore, with respect 

to principles, although tools are used to accomplish a purpose, principles constrain human action. For 

example, the laws of gravity, human an anatomy, and physiology prevent human flight without a tool.  Thus, 

the context imposes constraints that must be overcome, understood, and/or changed for work to be 

accomplished. Therefore, a tool extends human capability to do work, through adaption—amplification and 

interpretation (Norman & Draper, 1986) as well as manipulation—the capability to change one’s 

environment.  

Product 

To sum, a human’s actions in their world (individual, corporate, and augmented) is teleologically 

constrained for extending human capability to do work through self-referential adaption and environmental 

manipulation to achieve an ultimate human-centered end. The result of these two purposive atomic operations 

is that work is produced—a product results. In synthesis, these tools serve a human purpose, respect inter and 

intra personal and environmental principles, in order to yield a product.  This synthesis will be useful in the 

forthcoming discussion on design methods that were utilized for the creation of this new aviation technology. 

For now, the primacy of purpose, principles and product in design is becoming clear. 

Methods 

Application of psychology to engineered systems has firmly set root in the domains of life-critical 

systems such as aviation since post-World War II. As systems grew in complexity, approaches and methods 

for understanding human work, action, and error consequently evolved to an acknowledgement that 

organizational context played an important role in safe and efficient system operation. (J. T. Reason, 1997).  



 

 

220 

 

The topic of the present work is the creation of a human-centered tool to aid a pilot’s function during 

an off-nominal situation, specifically I-LOC. As we have already offered a description of the use of tools by 

humans to fulfill a purpose, within certain principles to result in production, it is necessary to offer what we 

mean by the term “Human-Centered Design”—specifically in the aviation domain. 

The domain of HCD includes similar interest and practices of human factors and user centered 

design. Both of these domains are noteworthy in that they offer means and methods to make systems more 

reliable, comfortable and efficient. Yet what is missing from this dyad is the notion of technology and its use. 

Traditionally, design has been technology-centric. That is, technological feasibility has driven a particular 

end (product) and technological means (process). The consequence of this is that the physical instantiation is 

not necessarily “human-centered”. In other words, the purpose and corresponding means are in the service 

of a technological feasibility and not human functioning, needs, and requirements. Thus, by the time the 

human needs are considered through formal human factors engineering methods of analysis, the design of 

the technology is fairly established and resistant to redesign; that is, most incremental design endeavors 

include a progressive commitment to design choices (Pew & Mavor, 2007).    

Additionally, context and its constraints are often overlooked in the overall system performance. Of 

course, this is not deliberate, but naturally the context is limited by the imagination of possible context by 

the designer; the weakness to requisite imagination is that it falls prey to the 𝑛 + 1 fallacy (Adamski & 

Westrum, 2003; Hollnagel & Woods, 2006; Westrum, 1993). At issue here is that technological life cycles, 

which include technological and performance periods, as well as a user experience period, inherently involve 

action appropriate for context; and this is hardly stable over the life cycle of a product (Boy, 2005). Thus, as 

has already been shown with Active Design Documents in the creation of new flight management systems, 

pragmatic acquisition is a requisite design activity. Such activities are formative and as such should rightly 

be part of the seminal design process. Yet pragmatic acquisition requires that context through the life cycle 

of a technology be accounted for.  
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However, there exists another issue related to accounting for context and pragmatic acquisition, and 

that is human activity. In truth, human activity would be better phrased as “agent” activity. As most often is 

the case, complex socio-technical systems involve people doing work in organizations with artifacts and 

artificial agents. Thus todays, work must include a deliberate process of pragmatic acquisition of multiple 

agents. That is observation and analysis of how people, technology and organizations interact at run-time. 

How is this accomplished? Often, HFE methods are conducted with tightly controlled experimental 

conditions, and with individuals. Further confounding of the issue arises when one considers that maturity of 

practice is hardly static (Boy, 2005). 

The result of an engineering work that is technology-centered is that purpose, product and physical 

instantiation is subject to technological expedience; and the human’s ultimate purposive action in, and with, 

the technology (in the context) is relegated to a procedural routine that respects the constraints and by 

converse not necessarily human constraints (figure A1).  
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FIGURE A1: TECHNOLOGY-CENTERED DESIGN. 

Even efforts to explicitly understand and account for user needs and preferences through “User-

Centered Design”, though novel, have a weakness. Technological constraints and processes are often masked 

from the user to make the system less complex in order to improve user experience. This may appear to be 

helpful from the standpoint of usability and user preference, yet it may in fact make the system more complex. 

The result may be that variability in technological and human performance may be difficult to discern during 

run-time, especially in novel contexts. That is, users may develop “work arounds” during the conduct of an 

activity in order to “work through” system complexity. These issues suggest that that there is a difference 

between user-centered design and HCD. If this is not distinguished, technological constraints and processes 

will still be unaligned with the human ultimate purpose; and instead what is being offered is a neatly 

ornamented technology-centered design. Thus, critiques of HCD that conflates it with user-centered design 

(Norman, 2005) should be rejected, and a design method that accounts for a human’s purpose, functions, and 

activities in addition to the requisite technological structures and functions should be sought. Further, a 

conceptual framework for understanding multi-agent work that includes technology, organization, and people 
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should be embraced as a part of design efforts. Such conceptualization of work is expressed in the notion of 

the socio-technical systems (Trist, 1981).  

The claim made here is that employment of traditional human factors and user-centered methods 

made still result in technology-centric approaches. This is due to that fact that these methods may place more 

weight upon summative ends rather than formative means. HCD is concerned with deep examination and 

discovery of emergent phenomenon, during and for the formation of a design, through observation of the 

activities involved in its (early prototypes) use within the intended context.  Therefore, in complex systems, 

composed of tightly coupled technologies, organizations, and peoples embedded within context with 

potential for novel perturbations, a technology-centered approach should be abandoned for a human-centric 

approach.  

Philosophical Approach, Processes, and Procedures 

In a technology-centric design, processes are not necessarily apparent to users. A real world example 

of this is the near catastrophic Three Mile Island incident of 1979. Poor understanding of processes involved 

in the movement of cooling water in the primary loop and proper diagnosis and of a stuck relief valve in the 

pressurizer were major factors in the accident chain. Attention should rightly transcend the operator, and be 

devoted to design options—there existed a temperature gauge downstream of the stuck valve, which indicated 

higher than normal temperatures. Had this temperature gauge been designed to be in the field of view of the 

operators (it was not) and had training (procedures) been in place to infer system state during off-nominal 

events, the progress of the accident sequence could have been arrested. 

Processes that are apparent to system agents are useful in that they reduce system uncertainty. 

Uncertainty or “information entropy” has been suggested to be a critical element in dysfunctional system 

element interactions (Kasdaglis, 2013; Kasdaglis & Oppold, 2014). Thus the reduction of uncertainty, which 

results in more reliable and resilient system operations, can facilitate abduction of system state; that is, if you 
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know parameter values and how these values are structured and their dynamic interactions, discernment of 

system state, anticipation of system trajectory, and adaptation of system goals (if required) are facilitated 

(Kasdaglis, Newton, & Lakhmani, 2014a). 

Processes involved in system operation are normally structured by top-down elements of the system, 

namely the systems purpose and principles. In this sense the degree to which processes can be freely designed 

and constructed is limited by higher-level constraints imposed by the already established purpose and 

principle. In fact, the freedom by which the design of a system process can be constructed is provided by 

means of the philosophical approach to accomplish a system’s overall objective. As the expression goes, 

“there is more than one way to skin a cat”; so there are many ways to accomplish the ultimate goals of a 

system within certain constraints.  

Procedures are defined what must be done in the world to activate desired processes that are in 

accordance with the established philosophical approach—of course all of this is to accomplish a purpose 

within contextual constraints. For example, say my purpose is to make tasty cheese. Contextual constraints 

may have to do with the roles (cheese maker, or automatic cheese vat), resources that are available (type of 

milk and enzymes available) and environment (temperature and humidity). The basic procedures in cheese 

making involves warming milk, culturing, rennetting, waiting, heating, cutting, draining, salting, placing the 

product in a mold and a process of affinage (aging). Yet the order, duration, heating temperatures yield 

different outcomes—brie cheese, parmesan cheese, Gouda cheese, etc.—yet the product is always cheese, if 

the principles are respected, and the requisite processes are facilitated. A process, as used in this sense, is an 

emergent phenomenon that results from purposive interactions. Adding rennet to cheese enables results in a 

process being activated—the protease enzyme curdling the casein in milk. Of course, the term process has 

often been used synonymously with the term procedure; yet this distinction can be helpful to the goal of 

articulating an important aspect of how human-centric design occurs.  
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 In aviation, the process of entering a flight plan into a Flight Management System (FMS) speaks to 

the result of a physical interaction between a pilot fingers and keypad strikes, the consequence is a transfer 

of syntax to a representation of vertical and lateral waypoints. These points, when integrated in to the 

computational network of the FMS, can result in FMS flight path commands. Thus, procedures are 

conceptualized as explicitly defined routines that result in the emergent process being brought to being. These 

procedures are carried out in an instantiated world—the physical world. The link between interactions 

between the user and the physical world have been described elsewhere (Boy, 1997; Boy, 1998b; Rasmussen 

& Vicente, 1989).  

Rasumssen and Vincente (1989) have already described a formal method for the development of an 

abstraction hierarchy of system. This concept has been adapted and modified in order to provide a rationale 

for human-centric design (figure A2).  A helpful way to articulate how one arrives at a HCD versus a 

technological-centered design is that in the case of the former, design of purpose and philosophical approach 

with respect to unalterable principles is paramount and explicit in the design process. In the case of the latter, 

as already suggested, technological expediency instantiated in the means imposes itself upon the higher levels 

of abstraction. HCD goes from purpose to means rather than means to purpose.  
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FIGURE A2: THE 7 PS HIERARCHAL ABSTRACTION OF A SOCIO-TECHNICAL SYSTEM. 

 

The result is shown in figure A3. The human’s purposes and principles (values and constraints) is 

the center of the design. This approach necessitates that the selected philosophical approach and 

corresponding processes to the accomplishment of the systems purpose are human-centric. Thus, the ongoing 

design choices emerge and are anchored to this human-centric core—constructing technological ideation and 

requirements of the design. This is so that the application of the technology manifest in procedures and 

physical instantiations are geared to the human stakeholders, especially the system operators. Further, it 

ensures that information that is presented to the user is directly related to the “non-negotiables” (highest 

levels of the abstraction) for safe, efficient, and comfortable system performance.  
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FIGURE A3: HUMAN-CENTERED VERSUS TECHNOLOGY-CENTERED DESIGN. 

Socio-technical Systems and Complexity Analysis 

The preliminary discussion has so far laid the foundational elements of technology-centered versus 

human-centered design methods. A thorough understanding of a complex socio-technical system is required 

for good HCD. Thus, it is necessary to describe such a system’s characteristics as they relate to technological 

innovations, and consider why a robust methodology of analysis is required in order to offer mitigation design 

options. 

An aircraft accident is a socio-technical system accident that has an etiology in dysfunctional system 

interactions (Kasdaglis et al., 2014a; Leveson, 2004). This perspective allows for an explanation of the 

paradoxical nature of automation interventions that have been intended to alleviate the nemesis of I-LOC, 

but have instead resulted in new types of I-LOC accidents (Sarter, Woods, & Billings, 1997). Protections that 

have been automated into a system to safeguard against human error have resulted in unplanned interactions 
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that would not have been present without the automation; for example, mode confusion of flight law 

protections that are unavailable in degraded states  (BEA, 2012).  

That being said, this change in the nature of the problem should not obscure the benefits that 

automation has brought to bear on aviation safety, efficiency, and comfort. That is, the consequential impact 

of automation on aviation I-LOC events must be considered in the context of how many accidents have been 

avoided and how many lives that automation has saved. Consider how hull losses per million departures 

decreased with the introduction of next generation aircraft that was equipped with automation and advanced 

flight deck displays (see Table A1).   

TABLE A1: HULL LOSS ACCIDENT RATE COMPARISON (SOURCE: 2013 BOEING 

STATISTICAL AIRCRAFT SUMMARY, AUGUST 2014). 

 

Thus, technological pessimism is rejected. A foremost adherent to the sounding of an alarm at the 

advance of technology in life critical systems is Perrow (1984). He lamented that the tight coupling and the 
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interactive complexity inherent in today’s technology yielded predictable results— “a normal accident”.  

Thus, Perrow deserves credit for his diagnosis, as the challenge is apparent (although the prognosis need not 

be so grim): increasing efficiency, safety and comfort means that there is an inherent and commensurate 

increase in system complexity. An iPhone of today holds little in common with the original telephone 

invention, with its magnet, electrical wire, and carbon grains. What made this difference? Complexity! 

Progress encourages complexity, and complexity must be managed, thus demanding further progress. So then 

the problem is not that we are making complex systems, it is that are we building systems that rival our ability 

to intellectually manage them (Leveson, 2011); HCD seeks to change this.  

Analyzing complexity is a requisite activity of design and management of today’s systems, systems 

that join human, organizational, and technological resources in a dynamic context. Dimensional increases of 

systems elements and their expanding interconnections for meeting functional objectives create system 

complexity. Fortunately, methods for analyzing complex systems exist and can be leveraged to create human-

centered solutions for safety, efficiency and comfort of life critical systems (Boy, 2013a; Boy, 1998a; Boy 

& Schmitt, 2013). 

Why Human-Centered Design?  

HCD begins with a philosophical claim concerning humans and technology. Progress is inherently 

human, as is technology. Technology is not an external entity that can be easily isolated from human 

experience; instead, it is inseparable from normal human experience. We create technology, we are immersed 

in it—in our experience of it; our cognition occurs always in its context. The point is, that we are wrong to 

view technology as something that is chosen and put asunder at will—as if the human stops here, and the 

technology start there. At best, we choose the depth of interaction with technology; in return, technology 

mediates and enables our interaction with the world.  
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Therefore, technology must be created to support human needs, desires, and constraints. HCD is 

optimistic; it seeks to empower functioning. Technology that is human-centered does not compete with 

humanness, but enriches it. It is in this sense that HCD is value-centered design; it places deep value on 

human functioning, problem solving, and creativity. Conversely, technology-centered design abdicates 

human efficacy and dignity for the purposes of serving technology’s needs.  Of course this is not the explicit 

aim of designers, but it is often the result. Have you ever heard of the term “foolproof”? This notion was 

never intended to prevent technology from acting wrongly. It is a notion that fuels the idea that humans 

commit errors, and therefore are unreliable. Thus, technology must be hardened to protect critical functions 

from human error. Yet this does not have to be the case. Instead, human variability can be understood (most 

often) as an asset—and yes, sometimes a liability. HCD offers technology as a means to support this asset, 

and an aid when human variability is a liability. Thus, HCD offers the foundation by which design rational 

for remediation of I-LOC begins. That is, HCD provides the means by which the dichotomy of human versus 

machine (in this case automation) can be avoided. A unified approach can yield a symbiotic solution, 

grounded in human and machine joining as a joint cognitive system (Hollnagel & Woods, 2005a). This is 

where HCD has much to demonstrate. For example, HCD methods and principles have been applied to create 

a platform for visualization during crisis management (Stephane, 2013); understand complex interactions of 

functions in nuclear power plants (Schmitt, 2013); analyze NextGen trajectory based operations (Lyons, 

2012); provide a multi-agent cooperative solution to deep space exploration (Platt, 2015); and offer solutions 

to human awareness in complex and dynamic environments (Kasdaglis, Newton, & Lakhmani, 2014b). 

Thus, HCD can be leveraged to provide a design solution to the problem of I-LOC. Specifically, 

HCD offers a means by which analysis of complex interactions can be conducted, and cognitive functions 

understood (Boy, 1998a); it provides the means by which the design of life critical interactive media can be 

achieved, tested and deployed (Boy, 2013b). 
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Cognitive Systems Engineering and Joint Cognitive Systems 

Real-world applications of cognitive science to assistive technologies in life-critical domains require 

that robust multi-agent models of human-automation teaming be made explicit.  The use of such models 

transforms cognitive science into an engineering and design practice—cognitive systems engineering. 

Further, cognitive systems engineering embraces a multi-agent approach for system design and operation, a 

joint cognitive system—which allows for elicitation and rationalization of outward cognitive processes that 

occur between technology, organizations and people. Primacy is given to the anti-entropic ends of the work 

system, as a whole, and the transformations of interactions within the system into reliable, resilient, and 

adaptive purposive system actions within an environment. This approach does not diminish human dignity, 

values, and functioning; instead it enriches it, if the design process is conducted as a human-centered rather 

than technology-centered project. 
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Appendix B 

KNOWLEDGE, SKILLS AND ATTITUDE ILOC SURVEY 

The following survey has been developed to aid researchers in understanding pilot attitudes, 

knowledge, and skill. We would like you to answer these questions without any help from others or 

reference material. We estimate that the survey should take 15-30 minutes.   

2.Participation in this survey is voluntary. No identifying information will be collected or 

retained.   

3.PLEASE COMPLETE BY SATURDAY JULY 5.   

4.UPON COMPLETEION PLEASE RETURN (ANSWERS CAN BE TRANSPIBED INTO 

EMAIL OR SHEET MAY BE SCANNED) VIA EMAIL TO: NKASDAGLIS2010@MY.FIT.EDU.      

Thank you for your participation

Part I 

While flying in IMC, attempting to control an airplane by partially using reference to flight 

instruments while scanning outside the cockpit may result in:   

The onset of spatial disorientation and a complete control loss.  

Visual confirmation of the information provided by the instruments   

Prevention of spatial disorientation   

Inadequate airplane control  
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A & D  

B &C  

  

Erroneous airspeed indications (with no standby instruments available) require the pilot  

to maintain aircraft control by  

______________________________  

  

3) If one axis of an inherently stable aircraft is disturbed:  

the other two axis will remain stable  

the other two axis will become unstable  

if roll is the disturbed axis, it will affect only affect yaw  

one other axis will become unstable  

  

4)  Recovery from a stall in any airplane becomes more difficult when its:  

center of gravity moves forward.   

elevator trim is adjusted nose down.   

center of gravity moves aft.  
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The danger of encountering in-flight wake turbulence is greatest when the preceding aircraft is :  

Heavy, clean, and slow  

Heavy, dirty, and slow  

Heavy, clean, and fast  

Light, dirty and slow  

  

An aircraft generates the greatest wingtip vortices when the aircraft’s   

AOA is at the highest   

AOA is at the lowest  

in ground effect  

high lift devices as extended  

  

The leading cause of aircraft fatalities from 2001-2010 is:  

Controlled Flight into Terrain   

In-flight loss of control  

Both, A and B are approximately equal  
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None of the Above  

  

In the event the elevator control somehow becomes disconnected, certificated aircraft are required 

to be controllable through landing by using only trim and power adjustments.  

True  

False  

  

Encounters of accidental spins occur ______________ of the time in the traffic pattern  

40%-50%  

60%- 70%  

75%-80%  

Greater than 90%  

  

Most stall are preceded by:  

Turning/Climbing  

A low airspeed final approach  

Improper configuration on  
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takeoff/landing  

Part II  

  

The following statements may or may not accurately describe your feelings. Please indicate your 

level of agreement that you have with each of the statements.  

I think about having to perform and emergency landing due to an engine problem more than 

encountering an inflight loss of control.  

Strongly Disagree  

Disagree  

Neutral   

Agree  

Strongly Agree  

 

More than any other flying risk, the greatest danger to my flying safety is an in-flight loss of control 

encounter.  

Strongly Disagree  

Disagree  

Neutral   
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Agree  

Strongly Agree  

 

I am confident in my ability to avoid an inflight loss of control encounter.  

Strongly Disagree  

Disagree  

Neutral   

Agree  

Strongly Agree  

 

I am confident in my ability to recover from an in-flight loss of control 

Strongly Disagree  

Disagree  

Neutral   

Agree  

Strongly Agree  
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To be honest, it is hard for me to understand how someone can let their aircraft get out of control  

Strongly Disagree  

Disagree  

Neutral   

Agree  

Strongly Agree 

  

More training in unusual attitude recovery would be helpful for me  

Strongly Disagree  

Disagree  

Neutral   

Agree  

Strongly Agree  

 

Part III  

My total flight time is__________________  

My flight time in the last 90 days is__________  
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My FAA certifications (circle) all that apply 

 a. Private  

b. Instrument  

c. Commercial  

d. ATP 

 

The last time I had formal full stall recovery training was  

0-6 months  

7- 12 months  

More than 1 years ago  

More than 2 years ago  

  

The last time I had formal actual spin recovery training was  

0-6 months  

7- 12 months  

More than 1 year ago  

More than 2 years ago  
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Never 

 

Part IV  

The following two pictures represent the flight display of an aircraft in an unusual attitude. Please 

describe what you would do to recover from these unusual attitudes. Also please briefly tell if you found this 

exercise difficult. Why or why not?  

 

Display 1  Display 2  
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