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Abstract 

Title: Contribution to the Onboard Context-Sensitive Information System (OCSIS) for 

Commercial Aircraft 

Author: Wei Tan 

Advisor: Dr. Guy A. Boy, Ph.D. 

Pilots currently use paper-based documentation and electronic systems (e.g., Electronic 

Centralized Aircraft Monitor (ECAM) for Airbus, and Engine Indication and Crew 

Alerting System (EICAS) for Boeing) to help them perform procedures to ensure safety, 

efficiency and comfort on commercial aircrafts. Management of interconnections among 

paper-based operational documents can be a challenge for pilots, especially when time 

pressure is high in normal, abnormal, and emergency situations. This dissertation is a 

contribution to the design of an Onboard Context-Sensitive Information System (OCSIS). 

The claim is that the use of contextual information facilitates access to appropriate 

operational content at the right time either automatically or on demand.  

In this research work, the OCSIS was developed and tested on a tablet. It includes 

operational information on flight, system, performance, and navigation. Its content is 

organized using a three-layer information structure: need to know or safety-critical 

information that pilots need immediately (Level 1); nice to know or short explanations of 

Level 1 (Level 2); and full technical knowledge on systems principle or trouble-shooting 



 

iv 

(Level 3). These three levels are hyperlinked. A set of purposeful normal, abnormal, and 

emergency procedures was developed and implemented on a tablet. For example, if a 

discrepancy between an expected situation and the actual situation is detected, 

corresponding operational information is provided. In most situations, the Electronic 

Centralized Aircraft Monitor (ECAM) in Airbus cockpits handles this kind of mechanism. 

OCSIS is then a complementary source of operational information that, for example, 

provides performance data or appropriate procedures to be followed. The current version of 

OCSIS was developed on an iPad using a high-level knowledge representation for 

procedures and checklists called interactive blocks or iBlocks (Boy, 1998).  

OCSIS was tested using human-in-the-loop simulations that involved professional pilots in 

the Airbus 320 cockpit simulator of Human-Centered Design Institute (HCDi). First results 

are encouraging because they show that OCSIS can be usable and useful for operational 

information access. More specifically, context-sensitivity contributes to simplify this 

access (i.e., appropriate operational information is provided at the right time in the right 

format. In addition, OCSIS provides other features that paper-based documents do not have, 

such as procedure execution status after an interruption (due to ATC communication, for 

example). Also, the fact that several calculations are automatically done by OCSIS tends to 

decrease the pilot's task demand. Of course, we need to conduct further tests and discover 

emerging properties that this kind of system introduction might generate.  

This research and design work presents a methodology that supports human-centered 

design (HCD) of onboard context-sensitive information systems. We developed and tested 

the OCSIS in the context of commercial aircraft flight decks. Although several findings 
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were elicited from the various testing sessions that we had during the design cycle of this 

academic work, the main contribution is the articulation of various techniques and tools 

that make HCD feasible and effective.  

This research work is about human-centered design that is a combination of agile design 

and engineering, and formative evaluations of a tangible interactive system, in this case 

OCSIS. In this kind of approach, human issues are incrementally taken into account during 

the design phase. This also means that design decisions are incrementally based on results 

of human-in-the-loop simulations (i.e., we take into account activity - what is effectively 

done and not only tasks – what is prescribed to be done). Of course, deeper experimental 

tests should be carried out to confirm our early positive results and demonstrate that 

OCSIS does not distract pilots from their flying task nor reduce their current flying skills 

(Boulnois, Tan & Boy, 2015). 
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Chapter 1 

Introduction 

1.1 Background 

Civil aviation is an ultra-safe system (Amalberti, 2001; Ilbert et al., 2007; Amalberti, 2012). 

Commercial aircraft flight decks made emergence of many safety-critical factors, induced 

by flight crew operations, hardware and software control and management, time 

management, decision-making, and action taking.  

Figure 1 presents a concept map, or CMap (Cañas et al., 2004, 2005; Novak & Cañas, 

2006), of what a cockpit is about. An airplane consists of a number of mechanical and 

computerized systems. An airplane cannot stop or brake in the air, and fuel is consumed 

during the entire flight. Consequently, flight time is limited. Flight crewmembers have all 

the capacities and limitations of any human being; they can be qualified as human 

operators. They typically collaborate, communicate, and cooperate with each other to 

execute flight tasks. Actions performed by flight crewmembers in the cockpit must adhere 

to procedures in context. Onboard paper-based operational documents barely provide 

context-sensitive information. Therefore, context has to be handled by pilots. This 

dissertation opens a new era of flight operations where context is also handled by systems. 

 



2 

 

 

Figure 1 — The concept of a cockpit. 
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Flight crewmembers not only work as a team with onboard systems, but also remotely 

communicate with Air Traffic Control (ATC), dispatch, and ground maintenance. The 

external environment has also a strong impact on their operations (Figure 2). The cockpit 

provides resources and system user-interfaces for flight management and situation 

awareness (e.g., navigation data on Electronic Flight Instrument System (EFIS), flight plan 

on Multi-function Control Display Unit (MCDU), caution and warning lights, and audio). 

Pilots cannot control their external environment such as weather, runway condition, 

airspace, and other elements. This environment has a direct impact on flight time, 

teamwork, airplane, and flight crew‘s action and decision (e.g., storm area avoidance, off-

set request to ATC, or discontinued approach when an unexpected vehicle is on the 

runway). Environment, flight parameters, ATC requests, time pressure as well as other 

internal and external factors constantly change during the flight. The only things that do 

not change during the flight are standards and operational goal – for flight safety, 

efficiency, and comfort reasons. 
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Figure 2 — External factors affect the cockpit. 
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The International Civil Aviation Organization (ICAO) is the top worldwide regulatory 

body that has overseen aviation in most countries for a long time. It enables the 

collaborative development of common standards and recommended practices. Civil 

aviation is a rich industry, which is based on constant innovations on technology, 

organization and practices to improve safety, efficiency, and comfort (Sudarsan, 2011). 

Consequently, ICAO and national regulatory organizations have to incrementally develop 

appropriate standards. Flight crews follow Standard Operating Procedure (SOP) to 

complete tasks and ensure safety. In abnormal situations such as a malfunction of an 

aircraft system or extreme weather condition, abnormal procedures have to be used for 

trouble-shooting. 

Regulations lead to operational documents that aviation personnel have to comply with and 

use; onboard technical operational documents include procedures, checklists, and various 

kinds of charts and performance data. Operational documentation is regularly improved 

using experience feedback for normal, abnormal, and emergency situations (Ramu, 

Barnard, Payeur & Larroque, 2004). The onboard documents can be categorized into four 

kinds of documents: flying documents, which are related to all flight operations; systems 

documents, which include systems‘ theory, principles, and controls; navigation documents, 

which are the charts that pilots use on the flight deck; and performance documents, which 

provide operational data for all flight phases such as takeoff, landing, and go-around (Tan, 

2014). 

These documents have been paper-based since the beginning of aviation. Today, the 

concept of an Electronic Flight Bag (EFB) has been developed.  
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―An Electronic Flight Bag is simple and attractive: a pilot's personal flight-deck computer. 

Airlines are eager to have customized EFBs on board, and manufacturers are eager to 

develop and supply them. Software providers are eager to customize software for EFBs as 

well. There are multiple concepts for what an EFB is, ranging from low-end to high-end 

devices‖ (Chandra & Mangold, 2000). 

For the last two decades, the shift from paper to electronic documentation has been 

discussed, modeled, and partly operationalized (Chandra, 2002). This shift is not a matter 

of transferring paper-based information onto an electronic format (e.g., PDF format). 

Electronic support offers different kinds of capabilities that paper cannot offer (e.g., 

context-sensitivity). In other words, onboard paper-based documentation can be connected 

to flight parameters to provide useful static knowledge, which pilots need to contextualize 

during operations. Electronic support provides capabilities that enable connectivity, and 

consequently the provision of dynamic information in context. We claim that electronic 

documentation, renamed ―onboard information system (OIS),‖ contributes to improving 

the perception and comprehension of the current situation, as well as supporting decision-

making and action-taking. In this dissertation, we will not demonstrate the full capacity of 

OCSIS compared to current paper-based operational documentation, but we will provide a 

first contribution to the maturity process toward a safer, more efficient, and comfortable 

OIS. This does not remove the imperative to keep a high level of pilot‘s flying skills and 

knowledge. Furthermore, an OIS is no longer only an additional static repository of 

knowledge, but a real onboard system in its own right, such as in the A380 (EASA/JAA 

Joint Operational Evaluation Board, 2008). 
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The first type of onboard information system was developed during 1980s, taking into 

account basic parameters, e.g., Electronic Centralized Aircraft Monitoring (ECAM) for 

Airbus and Engine Indication and Crew Alerting System (EICAS) for Boeing. Over the 

years, they have been proven to be extremely useful. They provide very comprehensive 

information on the state of the aircraft in an integrated way, as opposed to previous flight 

decks where pilots had to constantly check a large number of instruments. Today, we are 

moving toward the development of higher-level functions with the integration of OISs. 

Procedural memory can be shifted from people to systems that can provide contextualized 

procedures, checklists, and to do lists. ―A wide variety of paper and electronic checklists 

has been systematically analyzed‖ (Burian, 2005). 

Procedures are very important. They are an important support for pilots‘ work on the flight 

deck. Complying with procedures is a safety prerequisite (FAA Advisory Circulars AC 

120-71A). Pilots can not work without references, manuals, documents, or charts. Such 

onboard systems support pilots to follow procedures for the satisfaction of safety, 

efficiency, and comfort requirements.  

During the last two decades, new structures of electronic documentation have been 

discussed, analyzed, and tested, and some have been implemented. Dr. Francis Payeur 

coined a new atomic concept, the Documentary Unit (DU), for the development of 

electronic documentation. ―DU is at the heart of electronic documentation segmentation 

into defined entities for revision purposes. A DU contains small size information; it could 

be text (e.g., a paragraph), descriptions, schematics, animations, performance data, and so 

on. DUs may be hierarchically organized into levels of sub-DUs‖ (Payeur, 2001). In the 



8 

 

International Conference of Human-Computer Interaction in Aeronautics, 2002, Dr. Jean-

Philippe Ramu claimed ―there are two ways of describing context: system approach and 

task approach.‖ The system approach is an engineering approach, and the task approach is 

a user-centered approach describing a particular situation. Since the top requirement is to 

be pilot-oriented, a task-based structure is the backbone of the onboard information system. 

A task can be seen as a set of actions performed in certain contexts. A task can be 

represented as a Task-Block, taking into account its context history through Task 

Descriptors (TD). The links between Task-Blocks mainly reflect the one-way time line 

property of flight. Links can be of three different kinds: normal links, abnormal links or 

emergency links. Links between Task-Blocks are one-way links. Two Task-Blocks are 

called neighbors if a link connects them. Two families of links are possible:  

- Action Links, which are characterized by a change (add or replacement) of room TD  

- Reaction Links, which are characterized by an addition of furniture TD  

In practice, the initial Task-Block tree can be seen as a segmentation of the work to be 

accomplished and summarizes all possible planned situations. It is a compilation of 

situations in a mutually inclusive system. Once an unplanned event occurs, the structure 

will jump into a parallel Task-Block tree through Reaction Links. Basically, this can occur 

at any time of the life cycle of the system, depending on the nature of the event. 

The parallel Task-Block tree is the initial Task-Block tree image seen through a filter that 

has the purpose of taking into account the unplanned event consequences. The goal of such 

a structure is not to force a preferential tactic, but to make all macroscopic reflections made 
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during the development phase apparent for end users (aircrew). The structure methodology 

for electronic operational documentation relies on an extension of Travers‘ flight phases 

standardization (Travers, 2000). It is motivated by a need for completeness of 

documentation description and is an improvement in the wish for contextualization of 

information‖ (Ramu, 2002). 

1.2 Study Cases 

Two cases of procedure execution in flight have been analyzed. They lead to different 

results. 

Case 1: On August 23, 2000, Gulf Air Flight 072 departed from Cairo to Bahrain. On the 

approach to Bahrain International Airport, it crashed into shallow water 5 kilometers from 

the airport, all 143 passengers and crew on board died (Civil Aviation Authority of Bahrain, 

2004).  

The A320 pilots conducted a manual visual approach without a flight director, with an 

improper control. They approached at a higher speed than normal and carried out an 

unusual altitude flight path in an attempt to correct to the final approach path. The aircraft 

was 1 mile from the threshold; the altitude was 600 ft., and the Indicated Air Speed (IAS) 

was 185 kt. Because the aircraft was much higher and faster than normal final approach, 

the crew asked for a left turn to do a holding to reduce the energy of the aircraft. The 

overhead view of GF-072 trajectory with selected Flight Data Recorder (FDR), Cockpit 

Voice Recorder (CVR), and ATC communication excerpts in the investigation report by 

Civil Aviation Authority of Bahrain is shown in Figure 3. 
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Figure 3 — Overhead View of GF-072 Trajectory. 

The bank angle was kept to 36 degrees to reduce the turning radius, but the crew found the 

plane was not on the extended line of the runway after one holding pattern. They requested 

to go around, and ATC commanded them to turn left heading 300 degrees and climb to 

2500 ft. However, the flaps were not retracted according to the procedure in time. The 

aircraft dove quickly after 1000ft., and finally crashed into the sea north of the airport. 

The investigation showed that the accident resulted from a combination of many 

contributing factors both at individual and system levels. The ―Accident Investigation 

Report Gulf Air Flight GF-072‖ done by Civil Aviation Authority of Bahrain analyzed the 

factors for the accident as follows: 
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1. The individual factors particularly during the approach and final phases of the flight:  

- The captain did not adhere to a number of Standard Operating Procedures (SOPs), 

such as having a significantly higher than standard aircraft speed during the 

descent and initial approach, not establishing the approach on the path as in the 

navigation chart; and not performing the correct go around procedure.  

- Despite the number of deviations from the standard flight parameters and profile, 

the first officer (i.e., Pilot Not Flying) did not call them out or draw the attention 

of the captain to be aware of these deviations as required by SOP. 

- A perceptual study indicated that the flight crew experienced spatial 

disorientation during go around, which caused the captain to perceive that the 

aircraft was ―pitching up‖ but he responded by making a ―nose-down‖ input. 

- The crewmembers were not aware of or did not efficiently respond to the 

repeated Ground Proximity Warning System (GPWS) warnings, which warned of 

the threat of increasing proximity to the ground. 

2. The systemic factors, identified at the time of the accident, which could have led to the 

above individual factors: 

- Organizational factors: A lack of training in Crew Resource Management (CRM; 

Helmreich & Foushee, 1993) contributing to the flight crew performing as an 

ineffective team in operating the aircraft and insufficient training on the A320. 
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- Safety oversight factors: The civil aviation regulatory authority of Bahrain could 

not make the operator comply with some critical regulatory requirements. 

Case 2: On November 4, 2010, an Airbus 380 of Qantas took off from Singapore at 

10:01am local time to Sydney with 440 passengers and 29 crewmembers on board. 15 

minutes into the flight, the crew and passengers heard loud noises from an engine. The No. 

2 engine exploded. Debris fell on an Indonesian island, and the crew spent 55 minutes 

processing checklists and assessments, circling with its three remaining engines, dumping 

fuel, and preparing for an emergency landing back in Singapore at 11:45 a.m. local time. 

The landing distance was calculated by entering the weight and balance on the computers 

on board. Besides, pilots had to consider the condition of the landing runway, 

environmental factors such as wind, altitude, and other factors that the software could not 

accommodate with all the faults listed and all the conditions outside. The episode ended 

with no reported injuries. There were five pilots in the cockpit of this flight.  

The crew had the option whether to land as soon as possible or to deal with the 

malfunctions completely. The crew quickly realized that immediate landing was not the 

best option despite the amount and severity of the warnings and cautions present and they 

were aware that the situation could still lead to unexpected events for which they could not 

necessarily prepare. The supervisor realized that there were not any procedures or training 

on this domain (engine failure and engine fire had procedures; however, not exactly titled 

engine explosion), so safety depended on the collective expertise of the crew, and hence 

the constant desire to stick to procedures when it is possible. Thus they did a holding 

pattern to process their checklist. 
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After following ECAM actions and checklists, they had to prepare for approach and 

landing. First, they considered the landing weight. As this flight had just taken off, it had 

not consumed much fuel, so the gross weight was over maximum landing weight. If they 

landed over maximum landing weight, they would take the risk of running out of runway 

and destroying the landing gears; also, it would be hard to control the aircraft‘s maneuver 

even result in fuselage structure damage. However, if they continued consuming fuel, the 

center of gravity would shift gently back or even get it out of the certified envelope. In 

addition, the fuel imbalance between two wings also would increase. Once they landed 

overloaded, the debris from the landing gear and wheels could have destroyed the tank, 

which could have resulted in an explosion of the fuselage. After assessment, they decided 

to dump fuel (i.e., followed Fuel Jettison procedure). 

The pilots were well trained in using onboard resources. They did not only use manuals to 

check out performance parameters, but they also used the onboard performance system to 

help calculate data. An onboard system provides assistance to pilot‘s decision-making and 

problem-solving. But they did not rely on the Landing Distance Performance Application 

(LDPA), which they should have considered for an adverse environment and situation. 

They calculated the landing distance in a conservative way to make sure the aircraft could 

stop on the runway. 

From these two cases, we can see that deviations from procedures may lead to severe 

results or damage, especially under high workload and time pressure. In Case 1, 

crewmembers‘ deviation from SOP triggered the accident chain. If any errors in the 

accident chain had been perceived, or if the onboard information system could have 
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provided reminders, or assistance of procedures, the tragedy may have been prevented. 

Complying with procedures typically contributes to operations safety. Therefore, OCSIS 

should have a ―reminder‖ function – this is a human-centered requirement.  

In Case 2, the crew followed each part of the procedures sequentially and rationally, and 

also used the onboard information system to collect performance data. There were two 

captains and two first officers on the flight deck. One captain was a very experienced 

supervisor, a coincidence in this case. Indeed, we cannot ensure that each flight crew has 

this kind of expert and experienced knowledge and knowhow (Campbell & Bagshaw, 

2002). Consequently, it is useful to design an onboard information system that can provide 

assistance at this supervisory level, and provide the right information at the right time in an 

appropriate context-sensitive format. This kind of new onboard information system has to 

ensure that the flight crew can use the new system safely (e.g., without undue distraction, 

and with appropriate training and procedures) (Chandra & Yeh, 2006). This is another 

human-centered requirement contributing to human-systems integration. 

At this point, it is important to mention that this dissertation is not a classical human 

factors and ergonomics research project where human issues are discovered after 

engineering work is done (i.e., corrective ergonomics). It is, instead, a human-systems 

integration project that is based on expert analysis of previous experience provided by 

accident reports and professional pilot expertise, creative design, iterative usability, 

usefulness assessments of prototypes using human-in-the-loop simulations involving 

professional pilots (i.e., formative evaluations), and constant creative (re)design of 

solutions. These solutions are not only technological, but also organizational and individual 
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(in the sense of job roles and functions). The full capacity and ability of OCSIS will not be 

compared to current paper-based operational documentation, but this research is going to 

provide a first contribution to the maturity process of OCSIS design. Consequently, this 

research effort consists of a series of iterations: ―design, formative evaluations, redesign, 

and so on.‖ Formative evaluation helps to correct design flaws form new design decisions. 

It uses heuristics and is cooperative (i.e., involves real users). Formative evaluations have 

been carried out using expert judgment in terms of effectiveness, efficiency, and costs. This 

approach is strongly based on a meticulous follow up of design history, which involves 

purposes (such as the ones deduced from accident analyses, as shown above for example), 

solutions proposed (including various possible options), and criteria that make design 

choices possible and effective (including pilots‘ activity analysis in human-in-the-loop 

simulations). 

We make a distinction between task (i.e., what is prescribed to be performed) and activity 

(i.e., what is effectively performed) (Boy, 1998, 2011, 2013). Activity analysis is based on 

direct observation, questionnaires, interviews, and human factors studies. Today, activity 

analysis is possible because we have realistic modeling and simulation capabilities. It 

enables us to better understand how human operators execute tasks, and eventually defines 

emergent activities that are necessary to accomplish their goals. Performing activity 

analysis during design is one of the most important assets of human-centered design. 
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1.3 Overview 

A survey was conducted on the use of procedures in flight with 32 professional pilots. We 

asked them the following questions: 

1. Do you always attempt to follow Standard Operational Procedures? YES/NO. If not, 

comment. 

2. Do you always follow abnormal procedures when there is a malfunction? YES/NO. If 

not, comment. 

3. Have you ever forgotten or missed any procedures? YES/NO. If yes, comment. 

4. Did you ever encounter situations where manuals or avionics DO NOT have enough 

information to complete the job properly? YES/NO. If yes, comment. 

5. Did you ever encounter situations where manuals or avionics HAVE TOO MUCH 

information to complete the job properly? YES/NO. If yes, comment. 

6. In case of malfunction or abnormal situation, which would be your main concern(s)? 

Time pressure, or decision-making, or procedures availability, or others. 

The 32 pilots had different hours of flight experience as shown in Figure 4. 
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Figure 4 — 32 pilot participants’ flight experience. 

4 pilots had less than or equal to 250 flight hours; 12 pilots had less than or equal to 2700 

flight hours; 6 pilots had between 2700 and 10,000 flight hours; and 10 pilots had more 

than 10,000 flight hours.  

 

Figure 5 — 32 pilot participants’ aircraft type rating. 
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The pilots had different aircraft type rating licenses, and some of them had more than one 

license. Two pilots had both Airbus 320 and Boeing 737 licenses. Three pilots had private 

licenses for single engine aircraft. One pilot had multi-engine aircraft license. Two pilots 

had Boeing aircraft series licenses. 24 pilots had Airbus aircraft series licenses (Figure 5).   

Pilots‘ responses to these questions are shown in Figure 6 and Figure 7. According to the 

answers provided on the survey, 100% of pilots always attempted to follow procedures 

both in normal and abnormal situations, but 84.38% of them forgot or missed some 

procedures. Almost 60% of the pilots had encountered situations where manuals or 

avionics did not have enough information to complete the job properly, while 

approximately 40% of the pilots had encountered too much information to complete the job. 

It is not possible to require every pilot to remember everything while flying. Procedure 

following should then be assisted. This is why we have started the context-sensitive 

approach to this kind of assistance. Not only does context-sensitivity help provide the right 

information at the right time, but it can also track the pilot‘s actions to make sure that all 

required actions are effectively executed (constant crosschecking). Context-sensitivity 

requires thorough analysis and incremental validation of the pair ―situational context‖ - 

―appropriate operational information.‖ This is likely to solve current issues (e.g., lack of 

information in context, or too much information). 



19 

 

 

Figure 6 —Pilot participants’ responses to the first 5 survey questions. 

 

Figure 7 —Pilot participants’ responses to the sixth survey question (In case of malfunction or 

abnormal situation, which would be your main concern(s)? Time pressure, decision-making, or procedures 

availability, or others). 
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In abnormal situations, pilots concentrated on several factors, not only one. Pilots who 

chose ―others‖ had answers such as ―all the above,‖ ―request a clear airspace to deal with 

malfuntions immediately,‖ depending on the current situation, etc. The survey showed that 

pilots are concerned with many factors when there is an abnormal situation. If any of these 

factors can reduce the complexity, and therefore difficulty, of decision-making, safety will 

be increased. This is another human-centered requirement to be considerd in the design of 

OCSIS. 

Nobody can permanently remember all procedures and technical knowledge, particularly, 

under time pressure (Hawkins, 1993). Therefore, several instruments, panels, and displays 

have been developed and improved to assist flight crew and support task and action 

execution.  

However, these systems do not cover all possible cases. This is why onboard paper-based 

documentation is still required. Pilots are familiar with paper-based manuals, which are 

easy to use, tag, mark, and retain, even though they are heavy and difficult to carry. Pilots 

are well-trained on searching and performing procedures under all kinds of situations, 

sometimes moving from one manual to another manual. For example, in ―FMGC 1+2 

Failure‖ (i.e., Flight Management Guidance Computer (FMGC) 1 and 2 failed) on Airbus 

320, the back up navigation provides limited functions to the aircrew. Pilots should then 

use traditional navigation through Radio Management Panel (RMP). If the pilots would 

like to reset FMGC manually on rare occasions, only one FMGC can be reset at a time. Not 

all the procedures are displayed neither on ECAM nor QRH, but they are available on 

FCOM Volume 4. It is not mandatory for pilots to memorize such abnormal procedures. 
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However, they have to know and understand how to find the right information in the right 

part of the manuals. Such operations may cost much time in gathering information. To 

reduce the workload and increase the efficiency of performing procedures, many airlines 

edit documents to summarize procedures for specific scenarios or situations that require 

combining the information from several manuals. For example, in ―RA 1+2 Fault‖ (i.e., 

Radio Altimeter 1 and 2 failed) on A320, the summarized procedures combine information 

from the navigation chapter and flight control chapter (at landing gear extension, flight 

controls revert to direct law in pitch, as well as in roll) from FCOM Volume 1 and Volume 

3. Note that current documentation is context-free.  

As already said, the aeronautical community is currently working on transferring related 

information from paper to computer support (e.g., Airbus‘s Onboard Information System 

and Boeing‘s Electronic Flight Bags). These new tools cover aircraft technical information, 

operating manuals, performance calculations, and mission management information. They 

are context-free databases. However, computer support enables interconnectivity among 

relevant pieces of information (i.e., hypertext links) and between cockpit information and 

flight parameters (i.e., context-sensitivity) (Boy, 1991). 

This dissertation presents a new system, the Onboard Context-Sensitive Information 

System (OCSIS), which is available on a tablet wirelessly connected to relevant cockpit 

parameters. OCSIS enables and requires new information formatting (e.g., the concept of 

page is no longer relevant). In addition, OCSIS‘s internal information is structured with 

respect to context.  
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The dissertation contents are presented as follows: 

Chapter 2 discusses the state of the art that supported OCSIS design. In this chapter, 

current onboard documentation, and current systems that support procedure performance 

are discussed. We have been influenced by new advanced systems currently available in 

Airbus 380 and Boeing 787. These systems provide a useful background for stating the 

problem of context-sensitivity. OCSIS was designed and developed from scratch suing a 

human-centered design methodology.   

Chapter 3 describes OCSIS content, as well as how it works. OCSIS was designed through 

a series of human-in-the-loop simulations (HITLS) using the A320 simulator of the School 

of Human-Centered Design, Innovation and Arts. In this chapter, OCSIS features are 

shown including contents, structure, organization of information, interaction with pilots, 

integration with the A320 simulator, and context-sensitivity. The system was improved 

after each testing session, and the final version is presented in the chapter. The ―design-

formative evaluation-redesign‖ methodology will be explained.  

Chapter 4 presents three usability testing sessions and incremental improvements. Timeline 

and process of each testing session are given; including protocols, participants‘ 

performance, and answers to usability questionnaires. A usability analysis was conducted 

after each testing to improve the system.  

Chapter 5 presents the three testing sessions carried out to get pilots‘ feedback on OCSIS 

ability of improving perception and comprehension of the current situation and analysis of 

the results. Testing sessions are introduced in Chapter 4, and results of user-centered 



23 

 

assessment are analyzed in this chapter. We also present how both assessments were 

conducted and discuss the concept of tangibility will be discussed.  

Chapter 6 concludes the design of OCSIS and provides a perspective of the system, more 

specifically, how OCSIS could be improved in the future.  



24 

 

Chapter 2 

State of the Art 

2.1 Onboard paper-based documentation 

Procedures execution is a major safety factor. Until now, specific pilot roles have been 

supported by paper-based documentation in both operations and training. It is a pilot‘s job 

to make decisions, act, communicate, cooperate, and coordinate operationally, with 

procedures established in operational documentation developed through airline policy and 

governmental regulation. 

 

Figure 8 — Photograph of onboard paper-based documentation. 
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Airlines are required to equip aircraft with onboard paper-based documentation as a backup 

(Figure 8). In addition, flight crews have to carry flight bags (Figure 9) onboard, which 

contain departure, enroute, and arrival charts, weather charts, navigation charts, and other 

operational documents for every flight operation. These references play an important role 

for flight crew duties while the crew is working on the flight deck.  

 

Figure 9 — Carry-on Flight Bag. 

2.1.1 Manuals 

There are four categories of manuals: flying documents, systems documents, navigation 

documents, and performance documents.  

- Flying documents are related to all aircraft operations including normal, abnormal, and 

emergency situations. Pilots are professionally trained to use normal procedures published 
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in the Flight Crew Operations Manual (FCOM). These procedures are formulated within 

the context of the different flight phases and executed sequentially. They are linear. They 

include supplementary techniques in special operations. In contrast, abnormal procedures 

are organized with respect to systems‘ malfunction severity. In abnormal situations, pilots 

must know how to follow action sequences proposed by procedures, as well as how to 

solve problems. They can be extremely non-linear. Pilots do not have to memorize 

everything in abnormal procedures, but they must know how to use available documentary 

resources correctly. In emergency situations, pilots must perform the procedures 

immediately via memory; and emergency operational documents (checklists and the 

FCOM) are used when the situation is stable and aircraft control is established. 

- Systems documents are related to systems‘ theory, principles, and controls. They are 

typically organized using a logical index (e.g., ATA numbers or Alphabetic letters). Pilots, 

aircraft maintenance technicians, and engineers find this kind of organization easy to learn 

and understand. Pilots learn about aircraft systems during their type rating ground school 

using systems‘ documentation.  

- Navigation documents are charts that pilots bring on the flight deck. Jeppesen, AERED, 

and other supplementary charts are typically utilized. They provide important information 

and guidance to pilots.  

- Performance documents are used to determine takeoff, landing, missed-approach, and 

other performance data. When a failure occurs, the flight crew must verify and calculate 

abnormal performance data and ensure safe flight operations from onset of the abnormality 
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and during the approach and landing flight phases. The crew must use the checklists, 

FCOM, and performance charts to accurately calculate and perform the required 

procedures in a methodical, hierarchal, and efficient manner. 

The diagram in Figure 10 shows the relationships between the four categories of 

documents and onboard manuals. Some documents contain more than one category of 

information (e.g., the Flight Crew Operating Manuals (FCOM) include flying, systems, 

and performance information; the Quick Reference Handbook (QRH) includes flying and 

performance information).  

 

Figure 10 — Current onboard paper-based documents for Airbus aircraft.  

Airlines and authorities provide requirements for onboard paper-based documents for each 

type of aircraft (e.g., the required Airbus 320 onboard documents are listed in Table 1). 
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Table 1 — Sample of lists of documents equipped in the cockpit for Airbus aircraft. 

No. Name Numbers Remark 

1 Flight Operations Manual (FOM) 1  

2 Airplane Flight Manual (AFM) 1  

3 Flight Crew Operations Manual (FCOM) 1  

4 Quick Reference Handbook (QRH) 2  

5 Flight Cockpit Checklist 

1. Normal Checklist 

2. Aircraft Ground De/Anti-Icing Checklist 

3. Onboard Manuals Checklist 

4. Crossing Wind Limitation Data 

5. Takeoff/Approach Briefing Checklist and introduction 

of Safety Procedure in Flight Cockpit 

6. Emergency Procedures Form for Dangerous Goods 

incidents/Accidents 

7. Emergency Procedures for Onboard Dangerous 

Goods Incidents/Accidents 

8. AOC Copy and the authorizations, conditions and 

limitations relevant to the aeroplane type 

 

 

 

 

 

 

1 for 

each 

 

 

 

 

 

 

 

 

 

 

 

As 

required 

6 Dispatch Deviation Guide (DDG)/ Minimum Equipment 

List (MEL)/ Configuration Deviation Lists (CDL) 

1  

7 Takeoff Analysis Manual  1  

8 ETOPS Operations Manual 1 As 

required 

9 RVSM Operations Manual 1  

10 Emergency Response Guidance for Aircraft Incidents 

Involving Dangerous Goods 

1  

11 Aircraft Ground De/Anti-Icing Manual 1  
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2.1.2 Procedures 

―Procedures to ensure the flight-crew gets the best performance out of the airplane under 

all conditions are very important in realizing safety. All forms of analysis and simulation, 

from procedure trainers to full-function flight simulators, are used to ensure updated 

procedures‖ (Rodrigues, Cusick & Wells, 2012). Procedures are divided into three major 

types: Standard Operating Procedures (SOPs), abnormal procedures and emergency 

procedures. SOPs are followed in normal situations mainly to anticipate future events or 

validate executed actions (usually called checklists) (Degani & Wiener, 1990). Some 

normal procedures that are non-routine will be found in the supplementary technical part. 

The operators may amend them as needed. The manufacturer recommends that operators 

using the FCOM as the onboard operational manual submit suggested changes to expedite 

publication and maintain consistency of the manual (Degani & Wiener, 1994). 

Abnormal and emergency procedures are used in failure management situations (usually 

called dolists.) Checklists and dolists are (or should be) designed to structure operations, 

prevent human errors and enhance situation awareness. The abnormal and emergency 

procedures maintain adequate safety and help pilots to ensure the safe conduct of the flight 

(Boy & De Brito, 2000). The flight crew uses the ―READ and DO‖ oral reading principle 

when performing these procedures. Each crewmember should have a clear understanding 

of task sharing, responsibility allocation, and correct implementation of these procedures to 

successfully handle normal, abnormal, and emergency situations. SOPs are arranged by 

flight phases such as Cockpit Preparation, Before Engine Start, etc., and are also 

categorized with respect to two functions: Pilot Flying (PF) and Pilot Not Flying (PNF). 
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Note that for some aircraft, the PNF is called Pilot Monitoring (PM). Aircraft operational 

checklists assist pilots in verifying that all procedures have been accomplished for each 

specific phase of flight. Consider the Before Engine Start procedure on A320 as an 

example. Figure 11 illustrates the flow of PF and Figure 12 illustrates the flow of PNF.  

Figure 13 illustrates the SOP narrative for this phase. The crew members typically perform 

their associated actions. When flows are completed, the crew then utilizes the ―Before 

Engine Start‖ checklist as a challenge and response process for verification of the required 

tasks (Figure 14). 

 

Figure 11 — Procedure’s flow of PF for “Before Engine Start.” 



31 

 

 

Figure 12 — Procedure’s flow of PNF in “Before Engine Start.” 

 

Figure 13 — An example of a SOP. 
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Figure 14 — An example of a normal checklist. 

Abnormal or emergency procedures are located in the FCOM and QRH. However, the 

QRH is used in flight when there is an abnormal situation or emergency. Using crew 

coordination, checklist procedures are read and performed by the PNF with confirmation 

and authorization by the PF. Some aircraft can display abnormal procedures on associated 

instruments; however, not all the relevant notes, cautions, or information is offered. For 

example, the Cabin Overpressure procedure is indicated in the QRH as presented on Figure 

15. The caution at the end of this procedure is not displayed on the instruments.  

 

Figure 15 — An example of an abnormal procedure in A320 QRH. 



33 

 

The industry transitioned from three-pilot to two-pilot flight stations during the 1980s. The 

number of pilots required by the regulatory entities was based on the number of engines. 

This was because of the increased complexity of systems integration that occurred when 

the aircraft utilized more than two engines. Only Airbus transitioned to two pilot cockpits 

with two engine aircraft during the 1980s. Today‘s flight crew designations for crew 

resource management (CRM) are the captain, the first officer, and the PF and PNF (PM in 

some aircraft types). The captain and first officer titles designate authority, responsibility, 

and accountability while the PF and PNF denote who is in control of the aircraft trajectory 

and who is responsible to perform the QRH actions. The distinction PF - PNF denotes who 

is in charge during the flight. Captain has the right to decide who the PF is. The PF could 

be the captain or the first officer. This role may be changed if the captain decides it is 

appropriate for safe operations. Although the first officer may act as the PF, the captain is 

responsible for the flight and has final authority.   

The PF and PNF have different roles. They could be in charge of different areas, 

instruments, and panels in the cockpit. The PF responsibilities include the flight trajectory, 

thrust settings, auto pilot control, decision-making, and commands of the PNF actions. The 

PNF has to follow the PF‘s orders, remind the PF when necessary, make call-out, double 

check with the PF, read normal checklist, and communicate with the ATC. When there is 

an abnormal situation, specific task sharing and authority allocation will be different than 

during normal flight operations. In the A320, for example, task sharing between the PF and 

the PNF during abnormal/emergency procedures is illustrated in Figure 16 (Airbus 320 

QRH).  
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Figure 16 — An example of task sharing for abnormal/emergency situations on A320. 

2.1.3 Relationship among all manuals and procedures in 

all flight phases 

During the ground school and simulator training, pilots have to learn how and when to use 

operational documents. When transitioning to actual line operations, flight crew members 

must know the specific locations of normal, abnormal, and emergency procedures within 

the manual, QRH, and supplementary operational documentation (see Appendix A). 

- Training: Know all the documents and understand how to use them. 

- Flight Preparation: Pilots have to verify the technical state of the aircraft, acceptability of 

malfunctions (Minimum Equipment List (MEL)), and reference on the flight plan. 

Consequently, the aircrew will get a weather briefing based on the weather documentation 

included in the flight plan papers. If there is any affected situation (e.g., icing or 

contaminated runway), crewmembers have to verify with their Airline Operational Policies 
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for specific procedures addressing the affected situation. The crew must check the 

NOTAMS, Flight Plan, maps, and Operations Engineering Bulletins (OEB). 

- Preliminary Cockpit Preparation: Based on the flight plan, mapping charts, and other 

information, the crew has to use the Takeoff Analysis Manual to check out performance 

data. Normal procedures are executed by memory. 

- Cockpit Preparation: The crew conducts normal procedures without manuals, including 

normal checklists.  

- Before Start: If any special situation occurs, the crew must refer to FCOM supplementary 

techniques or special operations. 

- Take off, Climb, Cruise: The crew conducts normal procedures without manuals (this is 

not requested by manufacturers and airworthiness authorities, but pilots are trained to do 

that). If any malfunction occurs, pilots can refer to QRH when required.  

- Descent: The crew conducts normal procedures without manuals. Before descent, the 

crew needs to get weather information to ensure the availability of destination and flight 

route (e.g., pilots need to have an alternate destination in case of bad weather). 

Additionally, with mapping charts, the crew performs an approach briefing. Checklists are 

taken at the appropriate time. If any malfunction occurs, pilots can refer to the QRH when 

required.  

- Approach: The crew conducts normal procedures without manuals. If any malfunction 

occurs, pilots can refer to QRH when required. 
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- Go Around: The crew conducts this procedure without manuals. After go around, the 

crew has to confirm approach information again.  

- After Landing, Parking: The crew conducts normal procedures without manuals. If any 

malfunction occurs, pilots can refer to the QRH when required. 

2.2 Systems on board 

Onboard paper-based documents are not the only resources that pilots have in the cockpit. 

Several other onboard systems can enhance the pilot‘s awareness of aircraft status (i.e., 

aircraft states). In addition to cockpit indicators (e.g., lights on push buttons), some 

instruments enable display and summary of aircraft systems status to support the flight 

crew‘s work. Let‘s take Airbus and Boeing systems as examples to compare onboard 

classical and new systems. 

2.2.1 Classical systems: ECAM and EICAS 

The first type of onboard information system was developed during the eighties taking into 

account basic parameters (e.g., Electronic Centralized Aircraft Monitoring (ECAM) for 

Airbus and Engine Indication and Crew Alerting System (EICAS) for Boeing. They have 

been proven to be extremely useful. They can provide very comprehensive information on 

the state of the aircraft in an integrated way, as opposed to previous flight decks where 

pilots had to constantly check a large number of instruments.  

―These computer systems monitor and indicate propulsion and airplane subsystem 

information for the operation and maintenance of the airplane. EICAS/ECAM interfaces 
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with many airplane components and subsystems. Discrete inputs are entered hierarchically 

reflecting operational and maintenance requirements: 

• Flight crew alert messages duplicate dedicated subsystem information (usually indicator 

lights) elsewhere on the flight deck. 

• Status and maintenance messages provide lower-priority information on the condition of 

many subsystem components‖ (Rodrigues, Cusick & Wells, 2012).  

Airbus ECAM provides actions together with corresponding flight parameters to pilots 

who have to deal with related malfunctions. It provides steps to handle failures for a large 

number of situations. An example is shown on Figure 17 for the Airbus 320 (A320 FCOM 

Volume 3). Moreover, it indicates that ECAM is not the only resource that can be used to 

deal with failures. QRH, FCOM, and some other resources should be considered in 

addition to ECAM actions.  

 

Figure 17 — Information flow of A320 abnormal procedure handling process. 
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For example, on the A320, when an amber caution occurs, the Engine Warning Display 

(EWD, the upper display in Figure 18) indicates fuel tank imbalance. In addition, the 

System Display (SD, the lower display in Figure 18) shows that fuel in the left tank is 

lower than in the right tank (i.e., failure identification is complementary). ―Fuel Leak‖ may 

be diagnosed and the flight crew should immediately refer to QRH to confirm.  

 

Figure 18 — An abnormal indication on ECAM (EWD, upper display, and SD, lower display). 
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2.2.2 New systems: OIS, EFB, and tablets 

Airbus and Boeing are currently improving onboard information systems. A380 Onboard 

Information System (OIS) provides information to the flight crew, which includes aircraft 

technical information, operating manuals, performance computation, and mission 

management information (Figure 19). The OPS LIBRARY application enables flight crew 

to access Flight Crew Operating Manual, Flight Crew Training Manual, Cabin Crew 

Operating Manual, Minimum Equipment List, Configuration Deviation List, Weight and 

Balance Manual, and Aircraft Flight Manual. 

 

Figure 19 — ECAM and OIS on A380. 

Boeing has defined three classes of Electronic Flight Bags (EFB). The newest modular 

integrated hardware and software package calculates performance figures, displays charts, 

improves taxi positional awareness, provides video flight deck entry surveillance, and 

allows electronic access to documents (Figure 20). Electronic documents include flight 

crew operating manuals, U.S. Federal Aviation Regulations, and Aeronautical Information 

Manual for pilots viewing and searching (Allen, 2003). 
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Figure 20 — EICAS and EFB on B787. 

A380 documents and manuals are stored as fixed format files using the OPS LIBRARY 

application. B787 documents are stored using XML format that support search and text 

wrap, and also accept scanned images in GIF, JPG, TIF, and CGM formats. Pilots have to 

select documents they want to view rather than procedures displayed automatically in real-

time. Manual contents and documents are the same as paper-based equivalents. 

Early in 2011 the Federal Aviation Administration (FAA) authorized charter company 

Executive Jet Management to use iPad records without paper charts for backup. Now there 

are more and more airlines using iPads in the cockpit with its paper backup counterpart. 

Many applications that contain paper charts information are available. They include 

navigation charts, taxi procedures, weather, maps, GPS, Company Policy Manual, and 

Federal Aviation Regulations (Boeing, 2003). Some airlines already provide an iPad 

solution in the cockpit, as displayed on Figure 21. 
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Figure 21 — An iPad equipped on a flight deck. 

Boeing introduced a tablet-based version of the paper Quick Reference Handbook (QRH) 

used by flight crews in 2013. It is initially available for the Next-Generation B737 (Figure 

22) (Boeing, 2013). The Interactive QRH offers advanced navigation and search 

capabilities to enable the pilot to easily find the proper checklist. A specific airplane is 

selected for each flight, which simplifies checklist execution for those customers with 

multiple fleet configurations. The Interactive QRH aids in checklist execution by 

highlighting checklist steps that have been missed, directing users to the correct checklist 

as appropriate, and tracking deferred items in non-normal checklists as needed. The 

Interactive QRH also simplifies non-normal checklist use, especially for those checklists in 

which the correct condition must be selected from two or more choices. 

In line with technological innovation, Airbus has developed iPad EFB solutions to provide 

airlines with an alternative to PC operating system EFB devices (Figure 23). Moreover, to 

integrate Airbus‘ EFB software with the iOS operating system, Airbus has worked closely 
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with aviation and technology experts during the concept and development phase. With 

―FlySmart with Airbus‖ applications on iPad, pilots will be able to compute performance 

calculations and also consult Airbus Flight Operations Manuals from a light hand-held 

device (Airbus, 2012) (EASA EFB Evaluation Report, 2013). 

 

Figure 22 — Interactive QRH in B737NG (Boeing Aero Magazine, 2013). 

 

Figure 23 — Airbus FlySmart on iPad (EASA Report, 2013). 
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2.3 Problem Statement 

Pilots are familiar with paper-based manuals, which are easy to use, tag, mark, and retain, 

even though they are heavy and difficult to carry. Nobody can permanently remember all 

procedures and technical knowledge, particularly, under time pressure. Even though 

Electronic Flight Bag and Onboard Information Systems are advanced tools to assist pilots‘ 

work, operational documents are still in their original format and arrangement. Not all 

abnormal procedures are available on the Electronic Centralized Aircraft Monitor (ECAM), 

nor do all types of aircrafts have ECAM or some other electronic systems to process and 

display procedures. Unlike paper, computer support enables easy contextualization of 

provided information. The Onboard Context-Sensitive Information System is introduced 

into commercial aircraft cockpit to make the flight safe, efficient, and comfortable by 

providing assistance in normal and abnormal situations and enhanced capabilities of 

interaction with other onboard systems. Three formative evaluations are applied to improve 

the design of OCSIS iteratively.  

Our context-sensitive approach of the electronic documentation will take into account and 

extend various possible philosophies (Airbus and Boeing in particular) covering flight 

documents in normal, abnormal, and emergency operations; system documents related to 

systems‘ theory, principles, and controls; and performance documents and navigation 

documents such as Jeppesen Charts, Aerad, or others. 
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2.4 Re-organized procedures with respect to context 

―Context is any information that can be used to characterize the situation of an entity. An 

entity is a person, place, or object that is considered relevant to the interaction between a 

user and an application, including the user and applications themselves‖ (Dey, 2001). 

Context-aware computing was first discussed by Schilit and Theimer in 1994 as software 

that ―adapts according to its location of use, the collection of nearby people and objects, as 

well as changes to those objects over time‖ (Schilit & Theimer, 1994). Since then, Dey 

defined ―A system is context-aware if it uses context to provide relevant information 

and/or services to the user, where relevancy depends on the user‘s task‖ (Abowd, Dey, 

Brown, Davies, Smith & Steggles, 1999; Dey, 2001). 

Context can be defined along several attributes. Flight tasks (e.g., cockpit preparation, 

takeoff, approach, and landing procedures) depend on flight phases. Pilots must 

accomplish them within the appropriate context. Each flight phase context can be 

segmented with respect to space and time. What is important to understand and take into 

account is each meaningful context pattern must be developed as an index of related useful, 

clear, and concise information to pilots. Context can also be defined by relationships 

between objects: verbal context, social context and historical context (Boy, 1998). For 

instance, flight manuals contain all the procedures and system descriptions which pilots 

need to refer to during the flight (verbal context). However, if pilots on the flight deck ask 

ATC, maintenance, or more generally ground staff to help them resolve a problem, more 

contextual information (social context) should be shared. Any time pilots have to search 

for the correct procedures in onboard documentation (e.g., flap jammed), they need to be 
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aware of context (e.g., what happened during takeoff or landing), which will lead to 

different procedures (social context). In the best-case scenario, if ATC, maintenance, or 

ground staff (referring to any team-members who are involved with flight operations) are 

well-experienced and know the involved aircraft type, they can be very helpful in problem-

solving (historical context) (Boy, 1998). 

Context patterns can be classified into three categories: independent, hierarchically 

dependent, and interdependent (Figure 24) (Boy, 1998). By a conjunction of situational 

conditions, the context pattern equals to situational-condition-1, plus situational-condition-

2, until plus situational-condition-X. In the sub-context, the relationship can be 

hierarchically dependent or interdependent.  

 

Figure 24 — Relationship of context islands. 
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Therefore, the context-sensitive structure of documents will need to be based on these 

categories and be adapted into meaningful domain-dependent categories. More specifically, 

onboard documentation context can be re-organized and categorized into three information 

levels (Blomberg, Boy & Speyer, 2000):  

Level 1: Needed for flying. This includes any legal, regulatory, or defined industry 

standard requirement; specification of an interface action that a pilot must take; aircraft or 

pilot interface outputs or resultants that a pilot on duty can perceive; and points the 

manufacturer has determined are necessary for every pilot operating the aircraft. This is a 

judgment of the ―must know‖ information covering all aspects of aircraft operation, points 

that the manufacturer has determined to be safety critical (Boy, 2011a). Pilots should use 

their judgment to avoid any risky situations or recover safely when a problem occurs.  

Level 2: Needed for training or testing. This includes philosophy of system design, i.e., an 

explanation of why a particular design alternative was selected; rationale for performing an 

action (i.e., an explanation of why a particular action alternative was selected); rationale for 

system response or behavior (i.e., an explanation for why the system responds in a 

particular manner); responses of a system or aircraft to pilot inputs; training (e.g., check 

rides or testing rather than line operations); support of decision-making; flight comfort and 

efficiency; and points the manufacturer has determined are not essential but recommended 

for every pilot operating the aircraft. 

Level 3: Needed for understanding and troubleshooting. This includes how the system 

works (i.e., background for those interested in details not needed in day-to-day operation); 
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diagnosis/troubleshooting (i.e., details for examining subsystem interactions and finding 

problems whose symptoms are not readily apparent); and expert knowledge not likely 

needed in flight. 

Pilots usually need Level 1 information for operations. If they want to know more 

explanations of actions and reactions of the aircraft and procedures, they can easily refer to 

Level 2 information. Level 3 information is used to understand the working principle of the 

aircraft. 

Pilots need to know what they should do next and what will result from their actions. They 

need real-time information and quick feedback due to time pressure. The context-driven 

approach uses aircraft data to reconstruct context (Ramu, 2002). For instance, onboard 

systems could remind pilots which kind of engine start they should use during a particular 

flight, and which engine they should start first. Context-sensitive documentation is used for 

displaying useful information that pilots need at the right time and provide assistance in 

problem-solving and decision-making. 

2.5 Human-Centered Design approach: modeling, 

simulation and integration 

―A human-in-the-loop (HITL) simulation is a modeling framework that requires human 

interaction. Traditional simulation studies regard human interaction as an external input to 

the system being considered. However, studies, design and evaluation of complex systems 

in today‘s technological landscape must include humans as active participants. This 

approach is typically called participatory design. The emergence of HITLS technologies, 
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therefore, enables researchers and practitioners to investigate the complexity of human-

involved interactions from a holistic, systems perspective‖ (Narayanan & Rothrock, 2011). 

Modeling and simulation technology is able to perform realistic human-in-the-loop 

simulations (HITLS) and can provide meaningful and useful user-centered feedback based 

on human factors assessments (e.g., situation awareness, workload) and user comments 

(Figure 25). It is used early on during the design phase. Consequently, Human-Centered 

Design (HCD) has been used to incrementally improve OCSIS toward an acceptable 

mature version (i.e., incremental prototype development, test, and modification) (Boulnois, 

Tan & Boy, 2015). 

 

Figure 25 — Human-Centered Design approach (Boy, 2014). 

The model typically represents reality in a simplified way. It proposes important elements 

and their relevant interconnections in an appropriate, orchestrated manner. The simulation 
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represents the interaction that brings the model to life, which can be used to improve 

understanding of interactions among different elements that the model implements. It is 

also used to improve the model itself and eventually modify it (Boy, 2014). Modeling 

OCSIS requires pilots‘ involvement, and interaction with other onboard systems. The 

process can be run on a flight simulator, which in turn produces experimental data that 

could be used to improve OCSIS. 

The design of a system is never finished even though at some point, delivery is required. 

This is why maturity has to be assessed (Boy 2011, p. 432). The more OCSIS is being used 

and tested, the more new cognitive functions emerge and need to be taken into account 

either in system redesign, system training, or operations support (Boy, 2014).  

During the early stage of design, it is very important to have professional pilots involved to 

set up a high-level prototype correctly. They need to describe stories applicable to the 

product being developed and how these historical events may be induced during the 

product operational phase. This is an important role of participatory design. Participatory 

design techniques require recruiting potential end-users into the design and development 

teams. Part of their role can be to alert designers about potential errors that might 

complicate operations of the system being designed in the projected working environment 

(Boy, 2011b). In the case of OCSIS, professional pilots participated in the design process 

from the beginning and in all testing sessions (i.e., formative evaluations), providing 

experience feedback toward improving design. 
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2.6 Interaction Blocks: managing context and resources 

Interaction blocks can be used to represent, implement, and handle procedures (Boy, 1998). 

They are used in the onboard context-sensitive information system (OCSIS) (Figure 26). 

An interaction block is defined by 

- A set of a actions; and 

- A situation pattern that includes triggering preconditions and a context pattern; and  

- Post-conditions that include a goal and abnormal conditions.  

 

Figure 26 —Interaction block representation (Boy, 1998). 

We assume that contextual conditions are organized in hierarchies, which include flight 

phases of preliminary cockpit preparation, exterior inspection, cockpit preparation, before 

pushback, engine start, after start, taxi, before takeoff, takeoff, climb, cruise, descent, 

approach, landing, go around, and after landing. For instance, during cockpit preparation, if 

everything is normal, pilots can perform normal engine start procedures. If there is a 

supplementary condition such as high temperature outside, high altitude airport, or engine 
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auto start failure, pilots have to perform a manual start procedure. If there is an abnormal 

situation in which the APU Bleed is failing, an external pneumatic power engine start 

procedure will be executed (Figure 27). 

 

Figure 27 — A simple hierarchy of context. 

OCSIS content generator was influenced by the Computer Integrated Documentation (CID) 

paradigm for information access to related documents (Boy, 1998). A triggering condition 

can be characterized by a descriptor. The selection by the user of a descriptor thus triggers 

a list of actions to be considered. For instance, on the A320, the pilot has to establish and 

engage the air conditioning system during the cockpit preparation procedures. If the 

number of passengers is below 115, the Pack Flow should be positioned to LO.  Due to 

abnormally hot and humid conditions that exist within the cabin when the number of 

passengers is more than 115, the Pack Flow should be set to HI.  For all other normal 

operating cases, it can be placed in the NORM position. The sensors will provide 
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parameters such as the number of passengers and Total Air Temperature (TAT). How to 

set up Pack Flow is automatically displayed on OCSIS and depends on current context. 

Assuming that context is ―before engine start,‖ no other systems malfunctions occur, TAT 

is 28°C, and the number of passenger is 105, then an action is taken to set Pack Flow at 

LO position. Contextual conditions allow clustering of contextual links. See the example 

shown in Figure 28. 

(TRIGG. COND.      (PACK FLOW SETTING)) 

(CONTEXT       (SYSTEMS ONBOARD NORMAL, TAT 28°C, NUMBER OF 

PASSENGER 105)) 

(ACTIONS           (PACK FLOW LO)) 

Figure 28 — Example of a contextual link. 

2.7 Scenario-based design 

"Scenario-based design techniques belong to this complementary approach. In scenario-

based design, descriptions of how people accomplish tasks are a primary working design 

representation. Software design is fundamentally about envisioning and facilitating new 

ways of doing things and new things to do. Maintaining a continuous focus on situations of 

and consequences for human work and activity promotes learning about the structure and 

dynamics of problem domains, seeing usage situations from different perspectives, and 

managing tradeoffs to reach usable and effective design outcomes‖ (Carroll, 1994, 1995). 
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Scenario-based design requires descriptions of how people use technology, and discussing 

and analyzing how the technology is used to reshape their activities (Rosson & Carroll, 

2009). It is carried out during the early stages of the design process. During the OCSIS 

design process, a prototype was incrementally developed and tested by means of using 

usability principles and criteria. 

In order to solve a problem, you first have to state the problem. First, you have to define 

scenarios, for example, by analyzing airlines industry requirements, authority policies, 

field studies and claims about current practice describing activities in the commercial 

aviation domain. Second, you have to put these scenarios at work by confronting experts 

with them. Brainstorming sessions are organized, and claims analysis are performed to 

elicit viewpoints and concepts that make concrete various functions and new ways of 

thinking about pilots‘ needs, as well as identify tradeoffs to be further tested with 

prototypes. 

Scenarios can be abstracted and categorized, helping designers to recognize, capture, and 

reuse generalizations, and to address the challenges that technical knowledge often lags 

behind when considering the needs of technical design (Boy, 2011b). 

Since airlines are allowed to equip tablets on the flight deck to replace heavy manuals and 

charts, we have chosen to implement OCSIS on a tablet. Another requirement for OCSIS is 

pilots‘ need for assistance in problem-solving under high time-pressure work. In 

consideration of this important aspect, we developed scenarios that enabled us to test the 

value of OCSIS in such situations. OCSIS scenarios were developed keeping in mind 
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normal and abnormal situations, as well as training and instructing. We then developed 

scenarios for the following contexts: (1) Fuel Leak, (2) Descent, (3) Approach, (4) Flaps 

Locked, and (5) Landing. These scenarios were used in Human-in-the-loop simulations 

(HITLS) with professional pilots for OCSIS tests. HITLS were performed on a fully 

functional Airbus 320 aircraft simulator at HCDi (discussed in Chapter 3). This was the 

first step of OCSIS‘s scenario-based design. 

2.8 Conclusion 

Onboard operational assistance (or performance support) is shifting from paper to 

electronics. Electronic Flight Bags (EFB), Onboard Information System (OIS), and tablets 

are used on the flight deck to support useful operations information. They are not context-

aware systems. We chose to design an innovative context-sensitive system on iPad using 

flight parameters in real time. Our HCD approach is based on design thinking and 

creativity, in the sense of synthesis and integration of existing information technology. We 

also used and processed previous expertise and experience in the commercial aviation 

domain, more specifically, work done by Blomberg, Speyer, and Boy (2000) on the three 

layers of electronic operations documentation and Ramu‘s dissertation work on onboard 

context-sensitive information systems (2008).  

In Chapter 3, the ―design, formative evaluation, and redesign‖ methodology, human-

computer interaction (HCI), hypertext and context-sensitive information systems will be 

presented and used in the design of OCSIS. 
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Chapter 3 

Design of OCSIS 

3.1 Equipment: iPad, simulator, and software 

The Apple iPad has become a standard equipment on the flight deck through FAA 

approval. The iPad is already used in many airlines cockpits, providing pilot with one-

touch access to charts, maps, and other crucial navigation tools that help keep flights on 

track and on time, replacing traditional paper-based documents. In addition, it is very easy 

to create  applications on it. This is why we have chosen this hardware for OCSIS. OCSIS 

is currently programed using Objective-C, an object-oriented language available on 

Apple‘s hardware, on Xcode, the Integrated Development Environment for Objective-C.  

HCDi is equipped with two commercial aircraft simulators, A320 and B737 (Figure 29). 

Both simulators were developed using Prepare3d, a Lockheed Martin software, which 

allows vehicle control (e.g., marine, terrestrial, air, or spatial) in a totally virtual world that 

is simulated to be close to reality. Prepare3d is based on an aircraft parameters database 

and provides a realistic flight environment for flight crews.  

The SimConnect library can link with Prepar3d simulation software using C and C++ 

programming languages to create add-on components, such as create a client on Visual 

Studio 2010 software to retrieve and store the data from the simulator.  
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The simulator is controlled by Aircraft Simulator Technology (AST) software, which can 

set the particular conditions on it (e.g., different airports and runways, malfunctions, and 

others). 

 

Figure 29 — HCDi’s Airbus 320 simulator. 

3.2 Integration and synchronization between iPad and 

simulator 

Typically, the flight parameters are retrieved through SimConnect, a library compatible 

with Prepar3d, and then stored in an XML file. A simple File Transfer Protocol was used 

to transfer these parameters from the simulator to the iPad synchronously by WiFi. A short 

sampling time period of 500 milliseconds is required for an active real-time parameters 

feedback. The process consists of three steps (Figure 30): 

- Retrieve the flight parameters from the simulator; 

- Store these parameters in the desk computer; and 

- Read them on the tablet. 



57 

 

 

Figure 30 — Schema of synchronization. 

3.3 OCSIS features 

The current OCSIS application was coded by Sebastien Boulnois. Anouk Miracle made 

several improvements on the basis of the first prototype. The system has a black 

background, which is consistent with the background of onboard electronic instruments. 

We attempted to retrieve all the flight parameters on the simulator to be relayed to OCSIS. 

However, only a few A320 (i.e., the aircraft type rating we chose to apply OCSIS) 

parameters were available or valid from the Prepare 3D database. Therefore, the OCSIS 

application was designed on the basis of this limited number of parameters, which was 

sufficient for demonstrating of OCSIS feasibility.  

3.3.1 OCSIS content 

Once the application starts on the iPad, a Welcome page is displayed. The default/initial 

page displays procedures and actions that crews need to perform or have performed. A 



58 

 

menu is provided to select other tabs at the top of this page. Options are the following: 

Procedures, Maps, Performance charts, Flight Plan, Weather Info, Manuals, Flight Blog, 

and Contact Info (see menu in Figure 31). Within the scope of this dissertation, we mainly 

focused on the Procedures part.  

 

Figure 31 — OCSIS’s Menu. 

Pilots have three possible options, and the current option title will turn pink when it is 

selected:  

- Pilot Flying (PF): OCSIS displays only the PF‘s actions and information; 

- Pilot Not Flying (PNF): OCSIS displays only the PNF‘s actions and information; and 

- Both: OCSIS displays actions and information relevant for both pilots. 

The first OCSIS prototype displays the BOTH option, leaving the PF-only or PNF-only 

options for later.  

1. Procedures: 

A320 Standard Operating Procedures (SOPs) are organized by flight phases, but only a 

part of these flight phases were developed and demonstrated in the current OCSIS 

prototype based on our scenarios-based design approach. We selected the following 
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flight phases: After Start, Taxi, Initial Approach, and Final Approach. Pilots are able to 

view all corresponding procedures by scrolling the page. Each flight phase begins with 

a title and ends with a ―Check All‖ button (see the yellow dotted boxes on Figure 32).  

An icon is preset in front of each action: a solid triangle indicates that more 

information is available about this action, and is visible by clicking the solid triangle 

icon. A solid round icon indicates that no further information is available about this 

action (see the pink dotted box on Figure 32).  

 After each action execution, the required feedback from simulator database or from 

the pilot is indicated via two buttons (see the white dotted box in Figure 32). Once the 

action is performed, the corresponding line becomes green, either automatically (i.e., if 

this parameter can be detected from database) or manually (i.e., the pilot selects it). 

The ―WAIT‖ button is used to mark the action that is to be performed later and the 

entire line becomes amber. Some lines are only check ―call-out‖ actions to be 

performed by pilots and not identifiable by systems; therefore, pilots need to select 

―DONE‖ once they have performed corresponding call-out actions (see the red dotted 

box in Figure 32). An ―Items Checked‖ button is set at the end of each flight phase to 

mark all actions done, in order to save time (see the yellow dotted box at the bottom of 

Figure 32).  
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Figure 32 — AFTER START procedures. 

In order to prevent misuse of a checklist or dolist, a popup window asks for confirmation 

of its execution (e.g., the ―Items Checked all‖ button was needed to confirm 

checklist/dolist activation – Figure 33). 
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Figure 33 — Confirm before execution. 

The same happens for abnormal procedures (Figure 34). This item will be discussed in 

Chapter 6.  

 

Figure 34 — Confirm before execution of “Fuel Leak.” 

2. Maps: 

Jeppesen charts or some other kind maps can be easily displayed (Figure 35). The first 

prototype of OCSIS shows the feasibility of map use (e.g., a few Jeppesen charts of 

Orlando airport were implemented). Of course, this map function needs to be further 

designed, and compatibility with other software needs to be further demonstrated. The 

pilot typically selects ―DONE,‖ located at the top of the screen (see black box in 

Figure 36) to return to the previous screen. Context-sensitivity not only enables to 

provide the right charts at the right time, but also enables linking checklists/dolists to 
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these charts. This is a great improvement compared to existing paper-based documents 

and charts that are not linked explicitly. Explicit chart linking is another form of 

context-sensitivity that should be further explored. Within the scope of this dissertation, 

we did not go beyond hyperlink capabilities for charts.  

 

Figure 35 — Maps on OCSIS. 
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Figure 36 — Return to previous menu. 

3. Performance charts: 

A320 performance charts are available and stored as PDF files, including Takeoff 

Analysis Performance, Inflight Performance (i.e., Performance part in FCOM3), Quick 

Reference Performance, and FCOM 2 (Figure 37). The pilot typically selects ―DONE,‖ 
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located at the top of the screen (same function as Figure 36) to return to the previous 

screen. 

 

Figure 37 — Performance charts on OCSIS. 

4. Flight Plan: 

A specific flight plan is generated for every flight. The flight plan contains information 

about this flight, such as flight number, estimated departure time, estimated arrival 

time, wind and temperature in different flight levels, route information, weight 

information, fuel weight information, and others (Figure 38). A sample of a flight plan 

saved as PDF file provides a demonstration under this option. The pilot typically 

selects ―DONE,‖ located at the top of the screen (Figure 39) to return to the previous 

screen. 
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Figure 38 — A Flight Plan on OCSIS. 

 

Figure 39 — Return to previous menu. 
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5. Weather Info: 

Real-time weather information can be generated under this option in the future. 

Currently, a picture of Orlando, FL, airport weather is used as a placeholder for this 

function (Figure 40). The pilot typically selects ―DONE,‖ located at the top of the 

screen (same function as Figure 39) to return to the previous screen. This function 

needs to be further designed or make sure that it is compatible with other software. 

Besides, flight parameters retrieved from the server are displayed on this page just for 

designers‘ use.   

 

Figure 40 — Weather Information on OCSIS. 
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6. Manuals: 

Pilots can have access to all ―classical‖ manuals, including FCOM, Quick Reference 

Handbook (QRH), Flight Crew Training Manual (FCTM), Aircraft Flight Manual 

(AFM), and Minimum Equipment List (MEL), which are saved as PDF documents, 

using the ―Manuals‖ option (Figure 41). The pilot can select any of the manuals to 

review and use the ―DONE‖ button at the top of the screen to return to the previous 

one (Figure 42).  

 

Figure 41 — Manuals on OCSIS. 
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Figure 42 — Return to previous menu. 

7. Flight Blog: 

Pilots also have the possibility to enter and store aircraft systems problems they 

experience during the flight for ground maintenance to review and check. This includes 

flight date, flight number, departure, arrival, and pilots‘ names (Figure 43). After the 

pilot selects ―Done,‖ a screenshot will be saved to iPad Photos Library. 
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Figure 43 — The Flight Blog on OCSIS. 

8. Contact Info: 

The nearby Air Traffic Control (ATC) contact frequencies are displayed as a list under 

this option (Figure 44). When an aircraft moves into the next radar surveillance sector, 

the contact information list should be changed automatically. ATC contact information 

around Orlando, FL, airport is listed when the ―Contact Info‖ option is selected on the 

top menu bar.  
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Figure 44 — Nearby Air Traffic Control Contact Info on OCSIS. 

3.3.2 Organization of OCSIS 

At the end of the 1990s, EURISCO and Airbus carried out a study with 60 commercial 

pilots on how electronic documentation could be structured (Blomberg, Boy & Speyer, 

2000). Results showed that electronic documentation could be best structured into three 

information levels. We adopted this structure for OCSIS:  

Level 1: Need to know or safety-critical information that the pilot needs to have 

immediately.  

Level 2: Nice to know or short explanations of Level 1.  
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Level 3: Understand technical knowledge on systems‘ principles and trouble-shooting. 

Take the Flaps lever set after engine start as an example. The action in cyan requires the 

pilot to set Flaps lever, which is the Level 1 information that pilots need to know at that 

time (Figure 45).  

 

Figure 45 — Level 1 information of Flaps lever set. 

Level 2 information about this action (i.e., also called ―nice to know‖) will be shown in 

white when the pilot selects the solid triangle icon at the beginning of the line. In this 

example, the pilot can read that, under certain conditions, flaps cannot be set after Engine 

Start (Figure 46). 

 

Figure 46 — Level 2 information of Flaps lever set. 

Level 2 information provides the pilot with useful explanations on Level 1 information. 

Since Level 3 information is deeper system knowledge, it is often required that pilots know 

it by heart. We did not take into account Level 3 in current OCSIS development. 
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3.3.3 Dynamic Color System 

The Dynamic Color System (DCS) is designed to enhance the pilot‘s perception and 

comprehension of the current situation. Different colors stand for different meanings that 

provide the pilot with a direct and swift status of procedures.  The color codes are listed in 

Table 2. The items marked with ―*‖ are not applicable during the first stage of design. This 

will be discussed in Chapter 4 and Chapter 5. 

Table 2 — Color Codes 

Color Representation 

Cyan Actions to be performed 

Green Actions performed 

Marked as performed 

Amber Postponed actions or checks 

*The title of abnormal procedures 

Cautions 

Red *The title of emergency procedures 

Warnings 

White Notes 

More information for actions 

*The title of flight phase 

*Normal Checklists 

Magenta Restrictions or constraints 

Grey *Not applicable for current context 

―Ready to do‖ actions are in cyan. Once the action is completed and OCSIS can access the 

related parameters‘ status, it automatically becomes ―green.‖ In the current version of 

OCSIS, this kind of automation is done for only the rudder trim and parking brake 
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parameters, which can be detected (i.e., colors change automatically). In the future, more 

parameters will be automated. For all other parameters, the pilot marks them ―DONE‖ 

manually (i.e., the action line becomes green). The pilot can also postpone an action by 

selecting the ―WAIT‖ button, and then the action line becomes amber (Figure 47).  

 

 

 

Figure 47 — Cyan, green, amber, and white for action status. 

The difference between ―amber‖ and ―red‖ information is the level of urgency (Gabree, 

Chase & Cardosi, 2014). Taking ―Fuel Leak‖ and ―Engine Fire‖ as examples, pilots have 

to land at the appropriate airport as soon as possible when ―Fuel Leak‖ is detected, and 

land at the nearest airport as soon as possible when ―Engine Fire‖ occurs. The former 

caution is ―amber,‖ and the latter warning is ―red.‖ This color-coding is consistent with 

Airbus philosophy (Figure 48). When a malfunction is detected, OCSIS assists the pilot‘s 

decision-making process by providing appropriate information with the right color with 

respect to this philosophy.  
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Figure 48 — Amber cautions. 

―Magenta,‖ ―red,‖ and ―grey‖ were not used in the scenarios for the first OCSIS prototype.  

We decided to use the color ―grey‖ in abnormal procedures after the testing sessions. For 

example, in the ―Fuel Leak‖ procedure, the computer calculates the fuel flow of each tank. 

When the flow was too fast, ―Fuel Leak‖ alert was triggered and OCSIS initiated the 

procedure that enables pilots to determine whether the fuel leak is from the Engine (Figure 

49). This will be discussed in Chapter 4.  

 

Figure 49 — Grey procedures. 
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3.3.4 Scenario-based design of OCSIS 

―Scenarios of human-computer interaction help us to understand and to create computer 

systems and applications as artifacts of human activity — as things to learn from, as tools 

to use in one's work, as media for interacting with other people‖ (Carroll, 2000). 

The current version of OCSIS includes several normal procedures and two abnormal 

scenarios. ―Initial Approach‖ and ―Final approach‖ are the scenarios that we chose for 

normal procedures.  

Due to the limited numbers of parameters that are transferable to the desk computer and 

finally to OCSIS, we chose ―Fuel Leak‖ and ―Flaps Locked‖ as abnormal scenarios for the 

following reasons: 

- These two malfunctions do not result in Auto Pilot (AP) disconnected or failure; 

- These two malfunctions require the pilot to refer to the QRH to perform supplementary 

procedures; 

- The ―Fuel Leak‖ procedure may lead to several possibilities and therefore requires 

pilots‘ analysis and decision making to determine where the leak is coming from. The 

―Flaps Locked‖ procedure requires that pilots calculate landing performance data.   

The two malfunctions can be triggered from the simulator control interface by aircraft 

simulation technology. Figure 50 is an example of ―Flaps Locked‖ malfunction setting (see 

the amber dotted box in Figure 50).  
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Figure 50 — “Flaps Locked” set. 

Combining normal scenarios and abnormal scenarios, the flight route is established as 

Figure 51. 

 

Figure 51 — Flight route. 
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3.3.5 Interaction Blocks 

OCSIS‘s software is developed using a high-level procedural knowledge representation, 

called ―interactive blocks‖ or iBlocks (Boy, 1998), which includes a set of actions, a 

situation pattern (triggering conditions + context pattern), and post conditions (goal + 

abnormal situations) (Figure 52). This procedural knowledge representation was developed 

during the1990s to represent operational procedures in aircraft cockpits and led to deeper 

investigations on context representation also. It is therefore very appropriate for context-

sensitive procedural information representation. In particular, context can be incrementally 

structured along with procedural knowledge construction (i.e., procedures are constantly 

modified from the analysis of experience feedback coming from their use). Consequently, 

iBlocks, representing situated procedures, enable incremental updating (content-wise) and 

re-structuring (context-wise). A new project is currently being carried out at HCDi on 

operational procedure maintenance that involves such updating and re-structuring. 

 

Figure 52 — iBlock (Boy, 1998). 
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Let‘s take the example of the ―Flaps Set‖ procedure in the approach scenario (Figure 53). 

Its triggering preconditions consist of ―Flaps position‖ (i.e., visible on the E/WD screen) 

and ―Flaps handle position‖ (i.e., visible on the Flaps lever). When the ―Flaps position‖ on 

E/WD equals to the value of the ―Flaps handle position,‖ then the goal is reached and the 

pilot can continue to next procedure; otherwise, a pop-up window is displayed on OCSIS 

to inform about an abnormal situation, and the ―Flaps Locked‖ procedure needs to be 

executed.  

 

Figure 53 — iBlock for “Flaps Locked.” 

We can assume that contextual conditions are hierarchically organized. The first contextual 

level includes the following flight phases: preliminary cockpit preparation, exterior 

inspection, cockpit preparation, before pushback, engine start, after start, taxi, before 

takeoff, takeoff, climb, cruise, descent, approach, landing, go around, and after landing. In 

each flight phase, procedures are defined. Each procedure can be represented, implemented, 
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and handled in the form of an iBlock, which can be decomposed it into other iBlocks 

(typically sub-phases of flight). Consequently, procedures can be structured and linked via 

meaningful hyperlinks. For example, in approach phase, if ―Flaps Locked‖ occurs, then the 

pilot needs to perform the corresponding abnormal procedure, and then go back to the 

normal procedure (Figure 54). 

 

Figure 54 — A hyperlinked structure. 

Two more relationships exist within the hyperlinked structure: 

- Parallel procedures: When several situations occur at the same time, corresponding 

procedures cannot be executed at the same time, but are prioritized. For example, the 
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―Flaps Locked‖ abnormal procedure becomes a priority over the current normal 

procedure. However, pilots can decide the sequence of action flow (e.g., they can 

suspend the ―Flaps Locked‖ procedure to carry out the normal checklist, and then 

select the reminder line of OCSIS to continue with the ―Flaps Locked‖ procedure).  

- Affiliated procedures: Once a procedure has been executed, an affiliated procedure 

may be initiated. For example, in the ―Fuel Leak‖ scenario, one possibility is that the 

pilot may shutdown one Engine to identify the source of the fuel leak. After the engine 

shutdown, ―Engine Shutdown‖ pops up and is displayed on OCSIS with the ―Fuel 

Leak‖ procedures. The ―DONE‖ button at the bottom of ―Engine Shutdown‖ procedure 

enables pilot to go back to the ―Fuel Leak‖ procedure rather than the normal procedure. 

We will discuss this point in Chapter 4. 

3.3.6 Context-sensitive alert information system 

Context patterns trigger procedures in real-time both in normal and abnormal situations. 

The synchronization between OCSIS and the simulator enables the recognition of the 

pilot‘s physical actions that provides very important feedback to the pilots. For instance, 

OCSIS can detect the change of ―Parking Brake‖ status when the pilot releases it to OFF 

position for taxiing, and the corresponding action line turns to ―green‖ automatically (see 

red box in Figure 55), same as the change on ECAM status. Note that this kind of feature is 

impossible using paper-based onboard operational documents. 
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Figure 55 — Parking Brake action. 

After the second testing of OCSIS, Engine Anti-Ice was set to be context-sensitive. When 

the Total Air Temperature (TAT) collected from the server is less than 10°C and the 

weather is rainy or snowy, ENG ANTI-ICE is suggested to be turned to the ON position. 
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Otherwise, it is suggested to be turned to the OFF position. This part will be discussed in 

Chapter 4.   

In an abnormal situation such as ―Fuel Leak,‖ OCSIS will immediately inform the pilot 

about this malfunction by displaying a pop-up information window (Figure 56).  

 

Figure 56 — “Fuel Leak” triggering. 

Pilots can become aware of the problem through the pop-up window and start following 

ECAM actions. They can then decide to perform additional procedures, immediately or 

later. If they choose to do it later, a reminder line (Figure 57) will be displayed at the 

bottom of the interface, which directs to additional ―Fuel Leak‖ procedures. This context-

sensitive alert information system can be applied to detectable failures or situations.  

 

Figure 57 — “Fuel Leak” reminder. 
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3.4 Conclusion 

 

Figure 58— OCSIS used in the simulator. 

This chapter presented OCSIS features including contents, structure, organization of 

information, interaction with pilots, integration with simulator, and context-sensitivity. 

OCSIS was improved after each testing through a series of human-in-the-loop simulations 

(HITLS) and agile design approach, using the A320 simulator of the School of Human-

Centered Design, Innovation and Arts (Figure 58). This chapter also presented the current 

version of the OCSIS prototype. Three testing sessions were conducted with professional 

pilots who constantly assessed the quality of OCSIS content and interaction design. Actual 

OCSIS design process and solutions will be discussed in the next two chapters.  
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Chapter 4 

Testing and Analysis Part I: User-System Interaction 

and System Integration 

4.1 Test preparation 

The tests of Onboard Context Sensitive Information System (OCSIS) were carried out in 

three steps:  

-  Conducting user-system interaction tests:  

o Goal: Check if OCSIS could assist pilots on the flight deck easily and effectively. 

o Methods: Conduct usability tests and cognitive walkthrough based on feedback 

from pilots while involved in flight operations (Chandra, 2003). 

- Testing OCSIS‘s ability of improving perception and understanding of the current 

situation: 

o Goal: Evaluate OCSIS‘s ability of improving perception and understanding of the 

current situation. 

o Method: Use an adaptation of Situation Awareness Global Assessment 

Technique (SAGAT; Endsley, 1995). We only considered the first two situation 
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awareness levels proposed by Endsley (i.e., perception and comprehension) 

because some pilots did not have enough knowledge about the performance of 

the A320 to project themselves into the near future of the flight (this point will be 

developed in more depth in Chapter 5). We want to emphasize that we tried to 

discover OCSIS‘s ability of improving perception and understanding of the 

current situation. 

- Finding the best location for OCSIS: 

o Goal: Find the best physical location for OCSIS in the cockpit. 

o Method: Test four options; let pilots respond to questionnaires. 

The three kinds of tests are presented in this chapter. Based on HITLS from the beginning 

of the design process, OCSIS was incrementally improved after each test based on the 

professional pilots‘ feedback. This approach to human-centered design will be further 

discussed in this chapter. In the three kinds of tests, participants (i.e., professional pilots) 

were submitted to the same protocols and tasks.   

4.1.1 Route design and tasks 

A systematic guide to doing OCSIS human factors assessments in-house was used: ―(1) 

review the user interface; (2) Select the benchmark tasks; (3) Choose the evaluators; 

(4) Decide on the time/depth desired; (5) Provide a copy of the tool to evaluators in 

advance and set expectations for the test; (6) Select a quiet location for the evaluation; (7) 
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Select a note-taker/observer; (8) Run the evaluation(s); (9) Synthesize the data‖ (Chandra, 

2003). 

Tests included two kinds of scenarios: (1) from climbing to descent; and (2) from approach 

to landing. All participants performed as the PNF (Pilot Not Flying) in each test. Before 

each test, the Flight Plan was entered in the Flight Management System (FMS) through the 

Multi-function Cockpit Display Unit (MCDU) and the aircraft configuration was set ―after 

takeoff‖ from KMCO (Orlando, FL). Each participant then had the following tasks (Figure 

59): 

- Climbing: During climb, participants (i.e., professional pilots) had the opportunity to 

learn instruments, flight parameters, system parameters, and panels.  

- Fuel Leak: At about 13,000 ft., the ―Fuel Leak‖ was triggered. This malfunction always 

requires that the aircrew lands as soon as possible (see Appendix H and M). In practice, the 

PF requests to level off immediately, and then requests to descend and return to KMCO 

(i.e., in the test already described). Each participant had to deal with this malfunction 

during descent. Each participant filled in a survey after each malfunction detection and 

recovery process so we could get immediate feedback (see Appendix D).  

- Approach preparation: The PF (i.e., one of the experimenter, not the participant in the test) 

was in charge of the MCDU input, briefing for approach and other procedures. Approach 

Checklist was performed by the PF and PNF.  
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- Flaps Locked: During approach, when Flaps 2 was released, ―Flaps Locked‖ was 

triggered. The aircrew had to confirm required approach speed (VAPP) and landing 

distance so they may discontinue the approach (see Appendix K, L and M). After ―Flaps 

Locked‖ procedure was finished, the aircrew landed with malfunctions. Each participant 

filled in a survey after ―Flaps Locked‖ malfunction detection and recovery process so we 

could get immediate feedback (see Appendix D). 

For all the phases of flight, the experimenter observed the use of the OCSIS during normal 

and abnormal events (Chandra & Yeh, 2006). 

 

Figure 59 — Testing route and tasks. 

4.1.2 Testing protocols 

Since some participants were not Airbus pilots, we always started experimental flights by 

using paper-based procedures. This was part of the training on our A320 simulator, which 

included system knowledge and skills acquisition (not only the use of operations 

procedures, but also all relevant systems). Depending on the qualifications of pilots, this 
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training took between 30 minutes and one hour. We then trained the same pilots using 

OCSIS. 

Each test started by a briefing and a simulated flight. The briefing for flights using paper-

based documents was administrated as follow: 

- General knowledge questionnaires (already described in Chapter 1) to get participants‘ 

opinions and thoughts about procedures (see Appendix D); and  

- Training of normal and abnormal procedures, including how to find normal procedures 

and related notes for each action in a certain phase of flight, ILS approach procedure, task 

sharing and crew coordination in abnormal situations, ―Fuel Leak‖ procedure (refer to 

FCOM 1.28.10, FCOM 1.28.20, FCOM 3.02.28 and QRH 2.08), and ―Flaps Locked‖ 

procedure (refer to FCOM 1.27.50, FCOM 3.02.27, QRH 2.04, QRH 2.32, QRH 2.33, and 

QRH 4.03); and  

- Cognitive walkthrough test (Lewis, Polson, Wharton & Rieman, 1990; Mahatody, Sagar 

& Kolski, 2010) to check participant‘s understandings of the A320 operations documents 

and cockpit (see Appendix D). 

The briefing for flights using OCSIS was administrated as follow: 

- Ask participants to complete actions through OCSIS without training. Conduct a 

Cognitive Walkthrough test to identify difficulties in using OCSIS (This step was used 

only in the first test to check OCSIS acceptability, see Appendix D); and 
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- Train participants for all instructions and functions related to OCSIS; and 

- Ask participants to fill in OCSIS usability questionnaire (see Appendix D). 

In the simulator, scenarios were the same using either paper-based documents or OCSIS 

(Figure 60). 

 

Figure 60 — Testing Protocols used in the simulator part. 

4.2 First testing (Testing I) and analysis 

The first test was carried out in August 2014 at HCDi‘s simulator lab. Four pilots with 

flight experience were chosen as participants. They were involved in two sessions. There 

was an interval of a few days between the two sessions for each person. The first session 

consisted of performing all required procedures using paper-based manuals. The second 

session consisted of performing the same procedures using OCSIS. The testing was 

conducted as indicated in Figure 61. 
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Figure 61 — Testing I timeline. 

4.2.1 Participants’ performance 

Participants‘ performance is presented in Table 3, where Session 1 is the test with paper-

based manuals, and session 2 is the test with OCSIS. 

Table 3 — Pilots’ performance in Testing I 

Pilot  #1 #2 #3 #4 

Flight 

experience  

Captain Private License  Flight instructor Private License 

Flight hours 

(Hours) 

21,000 280 9,500 47 

Aircrafts 

type rating 

C-5, Galaxy, 

Beach jet, H-800, 

T-37, trained in 

B757 and B767 

Single engine 

aircraft 

B737, B757, E145, 

Citation Aircraft, 

learning A320 

Single engine 

aircraft 

Time used 

for session 

1  

78 min 70 min 112 min 60 min 

Time used 

for session 

2 

75 min 40 min 70 min 40 min 

Session 1- 

Normal 

procedures  

Follow PF‘s 

commands 

Follow PF‘s 

commands 

Follow PF‘s 

commands 

Follow PF‘s 

commands 

Session 1- 8 min. 4 min 30s 10 min 47s 6 min 
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Fuel Leak  Identified leak 

comes from inner 

tank; 

Did not perform 

Engine shut-down 

procedure. 

Turned off left 

tank pumps; 

Finished all 

decisions making 

by assistance of 

PF. 

Stuck in 2.08; 

Performed Case 1 

actions to shut 

down Engine 1 to 

check if leak was 

from Engine, and 

then relight it. 

Performed 2.08 

by sequence 

without 

judgment; 

Shut down 

Engine 1, and 

then relighted it.  

Session 1- 

Flaps 

Locked 

8 min 

Suggested PF to 

stop approach and 

holding; 

Succeed to find the 

Vapp and Landing 

Distance. 

4 min 30s 

Did not refer to 

Flaps Locked on 

page 2.04; 

Succeed to find 

Vapp and Landing 

distance, but with 

assistance of PF. 

9 min 

Refer to 2.04 by 

assistance of PF; 

Succeed to find 

Vapp and Landing 

distance, but with 

assistance of PF. 

5 min 40s 

Check the right 

Landing Distance 

but wrong Vapp, 

resulted in stall. 

 

Session 2- 

Normal 

procedures  

Follow PF‘s 

commands and 

remind PF to do 

actions 

Follow PF‘s 

commands and 

remind PF to do 

actions, but focus 

on OCSIS 

Follow PF‘s 

commands and 

remind PF to do 

actions 

Follow PF‘s 

commands and 

remind PF to do 

actions, but focus 

on OCSIS 

Session 2- 

Fuel Leak  

5 min 30s 

Same decision as 

session 1, but 

faster 

4 min 16s 

Performed Case 1 

actions to shut 

down Engine 1 to 

check if leak was 

from Engine, and 

then relighted 

engine 

12 min 

Performed Case 1 

actions to shut 

down Engine 1 to 

check if leak was 

from Engine, and 

then relighted 

engine 

4 min 45s 

Followed 

procedures on 

OCSIS, judged 

leak was not from 

engine 

 

Session 2- 

Flaps 

Locked 

5 min 50s 

Performed 

procedure 

proficiently and 

read Vapp & 

Landing Distance 

on OCSIS 

2 min 30s 

Performed 

procedure and read 

Vapp &Landing 

Distance on 

OCSIS 

3 min 56s 

Performed 

procedure and read 

Vapp &Landing 

Distance on 

OCSIS 

1 min 40s 

Performed 

procedure and 

read Vapp 

&Landing 

Distance on 

OCSIS 

In the session 1 (i.e., testing with paper-based documents), one of the pilots calculated a 

wrong approach speed, which led to stall. ―And yet, it is not uncommon to find checklists 

that require crews to perform multiple steps from memory and to mentally perform 

complex mathematical calculations in response to system malfunctions‖ (Burian, 2005). 
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But in session 2 (i.e., testing with OCSIS), everyone got the right performance data. Of 

course, session 1 was held before session 2, and without explicit knowledge of what 

OCSIS provides to pilots, it is impossible to conclude that OCSIS helps pilots avoid such 

human error (Reason, 1990). However, we can say that since OCSIS automatically 

calculates the approach speed and landing distance, if OCSIS software is correctly 

produced and reliable, then it will avoid the wrong calculations made by pilots. In normal 

operations, OCSIS reminds the PF to perform actions that have not been performed yet. 

4.2.2 Usability (user-system interaction) 

Usability testing enables us to discover interaction design issues and correct them 

incrementally (Rubin & Chisnell, 2008). The cognitive walkthrough of OCSIS involved 

seven actions to be performed. During this test, pilots provided feedback on the difficulty 

of familiarizing with OCSIS without training. They were provided with both normal and 

abnormal scenarios requiring the use of all functions of OCSIS. Results showed that pilots 

can easily refer to necessary information when they understand how the system works. 

Experience showed that after a few minutes of training, all participants got a clear 

understanding of how the system works. 

• Action I: Provide an action name in TAXI phase.  

Action I aimed to check if pilots were able to read the title for each flight phase and 

distinguish among different flight phases. All pilots succeeded to perform it, but one 

pilot said it was not obvious to him that the flight phase‘s title was effectively a flight 

phase name (Figure 62).  
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Figure 62 — Cognitive Walkthrough of OCSIS- Action I. 

During the first testing, the title of each flight phase was a static label that did not require 

any validation from the pilot (Figure 63). We understood at the end of this testing that 

flight phase labels should be interactive and acknowledgeable by the pilots. With this new 

function, OCSIS knew that the pilot understood that he could use the following 

information in the context of that flight phase. 

 

Figure 63 —Title of TAXI phase. 

• Action II: Try to get more information about the required action. 

Action II aimed to check if pilots were able to recognize the solid triangle icon, which 

allows more information to be displayed on the procedure or checklist to be performed. 
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Three pilots succeeded in using it, but one pilot said he did not know that the triangle 

was there to expand for more information (Figure 64). 

 

Figure 64 — Cognitive Walkthrough of OCSIS- Action II. 

During testing 1, solid triangle icons were implemented for expanding information, and 

solid round icons were used to indicate that there was no more information to display 

(Figure 65). 

 

Figure 65 — Action lines with triangle sign or round sign. 

• Action III: You cannot perform this action now. Put it in stand by.  

Action III aimed to check if pilots understood the use of the icon ―Wait.‖ The results 

showed that four pilots knew how to use it (Figure 66).  
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Figure 66 — Cognitive Walkthrough of OCSIS- Action III. 

• Action IV: Now the action is done. Validate it. 

Action IV aimed to check if pilots understood the use of the icon ―Done.‖ The results 

showed that four pilots knew how to use it (Figure 67).  

 

Figure 67 — Cognitive Walkthrough of OCSIS- Action IV. 
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• Action V: Identify an action where it is not possible to get more information in initial 

approach flight phase.  

Action V aimed to check if pilots were able to recognize the solid round icon, which 

means that there is no more information on this action. The results showed that four 

pilots knew how to distinguish it from the triangle icon (Figure 68).  

 

Figure 68 — Cognitive Walkthrough of OCSIS- Action V. 

• Action VI: Now have a look at ―After Start‖ flight Phase. You do not want to validate 

each action in this phase. Try to validate all of them at the same time. 

Action VI aimed to check if pilots understood the icon at the end of each flight phase. 

The results showed that four pilots knew how to use it (Figure 69).  
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Figure 69 — Cognitive Walkthrough of OCSIS- Action VI. 

• Action VII: Find the landing distance and approach speed for flaps locked. 

Action VII aimed to check if pilots understood performance data and diagrams 

provided on the ―Flaps Locked‖ page. The results showed that four pilots understood it 

(Figure 70). 

 

Figure 70 — Cognitive Walkthrough of OCSIS- Action VII 
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Pilot participants provided excellent feedback not only on these seven actions, but also on 

OCSIS look and feel, assessing the display of color, buttons, and other usability criteria. 

The results showed that every pilot understood how to use OCSIS. They all reported that 

OCSIS was easy to hold and use (Figure 71). 

 

Figure 71 — Look and feel feedback. 

Pilots provided feedback on information icons, color, and size, which was used to improve 

user interaction with OCSIS. Results showed that all pilots, except one (who said that size 

of the items was not big enough), felt comfortable with OCSIS information display and 

interaction (Figure 72).  
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Figure 72 — Interaction feedback. 

Consequently, since the size of some critical displayed items could be an issue, we 

changed their size. We applied one of the human-centered design principles that instruct if 

there is a possible issue, it should be considered as a critical problem in the design process. 

In order to confirm that pilots understood how to use OCSIS, they were debriefed with this 

question: ―what is the status of an action item when its color is amber on the iPad (Figure 

73).‖ They all provided the right answer to this question. Therefore, we concluded that they 

knew how to use OCSIS color functions.  

 

Figure 73 — Amber action. 
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4.2.3  OCSIS integrated in the cockpit 

An integration survey was administered to the pilots. Results showed that all pilots prefer 

that the iPad be fixed in the cockpit rather than available as a handheld device. Four 

options were suggested (Figure 74):  

- Option 1: The iPad could be next to side-stick for each pilot; and 

- Option 2: The iPad could be on the windshield with a flexible arm; and 

- Option 3: The iPad could be in the pedestal or on the instrument panel as a unit; and 

- Option 4: The iPad could be inside a box at the side of the pedestal. 

 

Figure 74 — Options of iPad’s location. 
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4.2.4 Improvement after Testing I 

Based on pilots‘ feedback, we made the following improvements to OCSIS: 

1. We put each flight phase title to the middle of the line, increased its size, and added the 

function of activating current flight phase manually (e.g., we added a button ―Click 

here to activate TAXI‖) to let the system know which flight phase we are in (Figure 

75). This improvement removed the ambiguity of the flight phase title. 

 

 

 

Figure 75 — The changes in the flight phase title. 

2. We changed the ―check all actions‖ button‘s icon. At the end of each flight phase, a 

―check all actions‖ function was designed to reduce workload, to be used instead of 

selecting each action as ―DONE‖ one by one. It was ―green‖ on the first prototype, 

which was not consistent with the color code. This icon was redesigned as a blue 

button to improve affordance (Figure 76).  
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Figure 76 — The change in the “Check all” button. 

3. We changed the color of normal checklists into white, and made the title a much larger 

size (Figure 77). When an action is complex (i.e., it includes several sub-actions), its 

line is equipped with a solid triangle that enables the pilot to expand it into a list of 

sub-action lines. Each sub-action line can be checked as ―Done,‖ or the complex action 

itself can be checked as ―Done‖ and, in this case, all sub-actions lines are automatically 

checked as ―Done.‖ This is a big improvement from many normal checklists that 

would require a lot of work if sub-action lines had to be checked one by one. 

 

 

 

Figure 77 — The change in a normal checklist. 
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4. We added a grey color code to the system representing the ―Not Applicable‖ case to 

assist pilots‘ decision-making. For example, in the ―Fuel Leak‖ case, we simulated a 

leak in the left tank. Since OCSIS is fed with aircraft parameters, it knows that it is not 

―Case 1: Leak is from Engine‖ for example (Figure 78), so OCSIS will present 

corresponding information in ―grey,‖ which means not applicable for the current 

context and the corresponding procedure does not need to be performed.   

 

Figure 78 — Grey area in “Fuel Leak.” 

5. There are procedures that are embedded into other procedures that cause recursivity 

issues. For example, the ENG 1(2) RELIGHT procedure is embedded into the ―FUEL 

LEAK‖ malfunction procedure (Figure 79). Using the paper-based operating manuals, 

this feature causes pilots to go from a current page to another, and sometimes to 

another book. During this phase of testing, we simply added the content of the ENG 

1(2) RELIGHT procedure into the ―FUEL LEAK‖ malfunction procedure, but we 

subsequently developed a generic hyperlinked iBlock system within OCSIS that 
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enables to automatically put into an operational sequence this declarative recursivity. 

This is a good example of formative evaluation that systematically reinforces redesign. 

 

 

 

Figure 79 — The embedded engine restart procedure. 

4.3 Second testing (Testing II) and analysis 

The second testing was carried out in January 2015 at a flight training center in China. 

Twenty-two A320 pilots participated in the testing, performing as aircrew in A320 

simulators (Figure 80). The Flight Plan was entered in the MCDU and the aircraft was set 

after takeoff from ZSSS (Hongqiao Airport, Shanghai, China) before flight. They had the 

same tasks as Testing I.  
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However, there were some limitations in China‘s flight training center. One was that 

OCSIS did not integrate with the simulator, which meant that the system was not 

synchronized.  

 

Figure 80 — Testing session in the flight training center in China. 

During the first tests, pilots were reminded by the experimenter to check information on 

OCSIS any time a malfunction occurred. However, we did not take into account SAGAT 

perception level and, since there was no integration of OCSIS with simulator parameters, 

we also did not take into account integration assessment of the questionnaire. In addition, 

since OCSIS exclusively provides information in English, and the pilots were all Chinese 

(i.e., usually reading operations manual in Chinese), reading was much slower. 
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We divided the 22 A320 pilot participants into two groups: Group A had 12 pilots (i.e., 6 

captains and 6 first officers), and Group B had 10 pilots (i.e., 5 captains and 5 first officers). 

Captains had 11,800 flight hours average, and first officers had 1,450 flight hours average. 

Their ages ranged from 21 to 45 years.  

The pilots in Group A were required to come twice to perform the testing, with an interval 

of a few days between the two sessions. During the first session (A1), pilots were trained 

with paper-based operations documents. During the second session (A2), pilots were 

trained with the same tasks on OCSIS. The protocols were the same as Testing I (Figure 

81). Systematic Human Error Reduction & Prediction Approach (SHERPA) (Embry D. E. 

1986) was added to the testing to support the analysis of error categories and determine 

recovery solutions. These solutions were considered in OCSIS incremental redesign. For 

example, wrong judgment or wrong landing distance calculation using paper-based 

operations documents were taken into account in OCSIS by coloring in ―grey‖ options that 

do not need to be performed (i.e., OCSIS avoids the possibility of wrong judgment). 

Instead, OCSIS provides the right performance data to the pilots (i.e., pilots do not 

generate wrong calculations since landing distances are automatically calculated). 
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Figure 81 — Testing timeline and protocols with paper-based documents for Group A. 

Group B was trained with OCSIS directly. From A1 to A2, the goal was to check the 

acceptability and satisfactory of OCSIS for aircrews and to observe pilots‘ actions and 

performance when they use QRH and OCSIS (Figure 82). However, we did not compare 

the results between paper-based documents and OCSIS. 

 

Figure 82 — Testing timeline and protocols with OCSIS for Group A and Group B. 
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The contents of testing are presented in Table 4: 

Table 4 — The implementation of Testing II 

 Group A1 Group B Group A2 

Numbers of 

pilots 

12 pilots  

(6 crews) 

10 pilots  

(5 crews) 

12 pilots  

(6 crews) 

Training Paper based 

documents 

OCSIS OCSIS 

Tool  Paper documents OCSIS OCSIS 

Time  Record time of 

performing tasks  

Record time of performing 

tasks  

Record time of performing 

tasks  

Workload  NASA-TLX NASA-TLX NASA-TLX 

Human 

errors 

SHERPA SHERPA SHERPA 

Unusual 

display 

N/A Record OCSIS‘s crash time 

Record how many times 

OCSIS provides wrong 

procedures 

Record how pilots solve this 

problem 

Record OCSISs crash time 

Record how many times 

OCSIS provides wrong 

procedures 

Record how pilots solve 

this problem 
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4.3.1 Participants’ performance 

Crews in Group A completed the tasks and their performance is presented in Table 5: 

Table 5 — Pilots’ performance in Group A 

Group A Crew #1 Crew #2  Crew #3  Crew #4 Crew #5 Crew #6 

Current 

Aircraft type 

rating 

PF: A320 

PNF: 

A320 

PF: A320 

PNF: 

A320 

PF: A320 

PNF: 

A320 

PF: 

A320/330 

PNF: A320 

PF: A320 

PNF: 

A320 

PF: A320 

PNF: 

A320 

Flight hours 

(Hours) 

PF: 9,000 

PNF: 2,500  

PF: 13,000  

PNF: 1,100  

PF: 7,000  

PNF: 1,000  

PF: 22,000  

PNF: 800  

PF: 12,000  

PNF: 1,200  

PF: 11,000  

PNF: 2,700  

Time used 

for session 1 

(Minutes) 

23 27 23 28 24 19 

Time used 

for session 2 

(Minutes) 

14 16 16 17 19 15 

Time for 

reading 

manuals 

(Minutes) 

PF: 0.5 

PNF: 10 

PF: 0.8 

PNF: 15 

PF: 0.3 

PNF: 9 

PF: 0.8 

PNF: 15 

PF: 0.25 

PNF: 10 

PF: 0.1 

PNF: 8 

Errors or 

situations 

Session 1: 

E1* 

Session 2: 

E6*, S1* 

Session 1: 

E2,E3* 

Session 2:  

Session 1: 

E4* 

Session 2: 

S3* 

Session 1:  

E5 

Session 2: 

S2*, S3* 

Session 1: 

E2* 

Session 2: 

- 

Session 1: 

- 

Session 2: 

- 

Remedy Session 1: 

R1* 

Session 2: - 

Session 1: - 

Session 2: - 

Session 1: - 

Session 2: - 

Session 1: 

R1* 

Session 2: - 

Session 1: 

R1* 

Session 2: - 

Session 1: - 

Session 2: - 

Unusual 

display 

- - - - - - 
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Crews in Group B completed the tasks and their performance is presented in Table 6: 

Table 6 — Pilots’ performance in Group B 

Group B Crew #7 Crew #8 Crew #9 Crew #10 Crew #11 

Current Aircraft 

type rating 

PF: A320 

PNF: A320 

PF: A320 

PNF: 

A320/330 

PF: A320 

PNF: A320 

PF: A320 

PNF: A320 

PF: A320 

PNF: A320 

Flight hours 

(Hours) 

PF: 11,000 

PNF: 1,000 

PF: 12,000 

PNF: 2,700 

PF: 20,000 

PNF: 1,200 

PF: 7,000 

PNF: 800 

PF: 6,000 

PNF: 900 

Total time used 

(Minutes) 

18 16 17 18 18 

Errors or 

situations 

- - S3* - S2*, S3* 

Remedy - - - - R1* 

Unusual display - - - - - 

*Errors: 

- E1: Demonstrated wrong judgment- thought the fuel leak was from Engine 1 and 

followed related procedures 

- E2: Got wrong landing distance or approach speed- due to wrong calculation or not 

considering all conditions for calculation 

- E3: Was not aware of advisory- Slow fuel leak did not trigger ECAM caution so that 

the crew did not notice its advisory 

- E4: Demonstrated incorrect knowledge- performed fuel balance procedures (i.e., 

turned on the X Feed pushbutton) when there was a fuel leak 
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- E5: Demonstrated insufficient knowledge- was confused when investigating where the 

fuel leak was  

- E6: Clicked ―Done‖ even though he did not finish the action in an abnormal 

procedures 

*Situations: 

- S1: Over workload- during performed Fuel Leak procedures, ―L WING TK LO LVL‖ 

caution appeared when the aircraft was descending, and in the meantime the pilots 

requested to enter a hold to deal with malfunctions 

- S2: Doubted the information displayed for ―Fuel Leak‖ due to no synchronization 

- S3: Had problems with English information in OCSIS but understood action lines 

*Remedy: 

- R1: Double check with the PF and then correct action. 

―In multi-crew cockpits there are a variety of social and cultural influences on crew 

performance, behavior and checklist usage‖ (Burian, 2006). Compare the time used in 

different sessions: Blue bars represent the time the six aircrews in Group A took to perform 

their tasks using paper-based operations documents. Yellow bars represent the time the six 

aircrews in Group A took to perform their tasks using OCSIS after using paper-based 

operations documents. Magenta bars represent the time the five crews in Group B took to 

perform their tasks using OCSIS directly without transit from paper documents (Figure 83). 



112 

 

From these figures we can see that pilots transferred from paper documents to OCSIS spent 

the least time to complete tasks, while pilots with paper documents spent the most time. 

However, pilots using OCSIS without transfer from paper documents spent almost the 

same time as pilots in Group A‘s second session.  

 

Figure 83 — Time used for Group A's two sessions and Group B’s session. 

4.3.2  Usability (user-system interaction) 

A cognitive walkthrough was carried out after the briefing of each session aiming to check 

if pilots understood the scenarios and were able to find information from QRH and OCSIS 

(Lewis, 2014). To gain feedback, five questions were asked about two actions related to the 

abnormal scenarios: 

• Action I: Try to find information about how to detect a fuel leak.  

Figure 84 presents results from the 12 pilots who experienced paper-based documents, 

and Figure 85 presents results from the 22 pilots who experienced OCSIS. 
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Figure 84 — Action I of paper-based documents. 

 

Figure 85 — Action I of OCSIS. 

We observed that two pilots thought that the ―Fuel Leak‖ procedure cost them too 

much time to read or found it difficult to use OCSIS to judge where the leak was. 

Three pilots encountered a problem of language in Level 2 information. Consequently, 



114 

 

we found that this kind of information could be presented in the native language. One 

pilot thought it took too long to read the ―Fuel Leak‖ procedure from OCSIS (Figure 

85). This was due to the fact that the other pilots read only the Level 1 information, 

while this pilot decided to systematically read everything (including Level 1 and Level 

2 information). This observation indicated that there is a learning component in the 

delivery of OCSIS.  

• Action II: Find landing distance and approach speed for flaps locked.  

One pilot stated that mental calculation took him too much time to complete, and two 

pilots said this procedure required them to move from one page to another and had no 

instruction to tell them how to find these procedures (Figure 86).  

 

Figure 86 — Action II of paper-based documents. 
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For the ―Flaps Locked‖ procedure on OCSIS, the same three pilots encountered a problem 

of English language (Figure 87). Note that language is a recurring issue that needs to be 

addressed. 

 

Figure 87 — Action II of OCSIS. 

From the results, we found that pilots can understand both paper-based documents and 

OCSIS. However, pilots said that it was not obvious to find everything on paper-based 

documents, and several pilots took much time to complete the task when using them. 

Meanwhile, even though pilots using OCSIS encountered the English language problem, 

they knew about pushbuttons, switches, and actions, and got effective results. Note that one 

pilot had difficulty on notes and long descriptions (i.e., Level 2 information).  

Regarding OCSIS look and feel, pilots were asked to evaluate OCSIS usability in terms of 

colors, interactive buttons, and other devices available on the OCSIS iPad. Results showed 
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that three pilots had difficulty during training to select buttons (Figure 88). Two pilots 

thought OCSIS was not reactive enough; this was due to the fact that data-link was not 

available on the simulator at that time. We corrected that.  

 

Figure 88 — Look and feel feedback. 

Pilot-OCSIS interaction was evaluated using pilots‘ feedback on information icons, color, 

and size (Figure 89). The results showed that pilot-OCSIS interaction is satisfactory. 



117 

 

 

Figure 89 — Interaction feedback. 

4.3.3 OCSIS integrated in the cockpit 

The 22 Chinese pilots mentioned that they would like two locations for the iPad in the 

cockpit. 64% of the pilots preferred the iPad located close to each side-stick (Position 1 in 

Figure 90). 36% of the pilots preferred the iPad installed in the middle of instrument panel 

(Position 2 in Figure 90). 
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Figure 90 — Options for the iPad’s location. 

A flexible arm was set up to hold the iPad near the side-stick on the right side of the 

simulator (Position 1). This location was tested in Testing III (Figure 91). 

 

Figure 91 — The set of iPad’s location. 
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4.3.4 Improvement after Testing II 

Based on the results of Testing II and simulator limitations, we improved OCSIS for both 

normal and abnormal scenarios.  

The normal procedure ENG ANTI-ICE, set after the ENG START phase, was 

implemented using the iBlock representation, making it context-sensitive (Figure 92). 

 

Figure 92 — Interaction Blocks of ENG ANTI-ICE setting. 

When the Total Air Temperature collected from the simulator server is less than 10°C and 

the weather is rainy or snowy, ENG ANTI-ICE is suggested to be turned to the ON 

position (Figure 93). Otherwise, it is suggested to be turned to the OFF position (Figure 94).  
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Figure 93 — ENG ANTI-ICE ON. 

 

Figure 94 — ENG ANTI-ICE OFF. 

The ―Fuel Leak‖ abnormal scenario could lead to three possibilities occurring from what 

pilots may decide: 

1. Pilots may shut down the engine that may have a leak, to avoid contingent damage. 

2. Pilots may shut down the engine that may have a leak to check if the leak is elsewhere. 

If the leak continues after engine shutdown, a leak from the wing may be suspected 

and then pilots should consider ―Engine Relight‖ procedure.   

3. If the leak causes the fuel tank to empty too fast, the engine that may have a leak 

should be shut down. Pilots should shut down this engine before the tank is totally 

empty. 

Based on these situations, we included ―Engine Shutdown‖ and ―Engine Relight‖ 

procedures in the ―Fuel Leak‖ scenario. When pilots move the thrust lever to idle position, 

the low-speed rotor (N1) of engine is going to be 0, which triggers the ―Engine Failure‖ 

procedure both on ECAM (Figure 95) and OCSIS (Figure 96) – this is a totally new feature 

that increases redundancy. Pilots should perform ECAM actions first and then come back 
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to OCSIS to complete additional actions of ―Engine Shutdown‖ procedure. This being 

done, pilots can continue executing the ―Fuel Leak‖ procedure – this is a feature that did 

not exist until now, and pilots had to remember to go back procedure. It was observed 

many times that recursivity in procedure‘s following could be disruptive.  

 

Figure 95 — ENG 1 FAIL on ECAM. 

 

Figure 96 — ENGINE FAIL on OCSIS. 

Once pilots finish the ―Engine Failure‖ procedure by pressing the ―DONE‖ button at the 

bottom of the page, the system comes back to the ―Fuel Leak‖ page that contributes to 

remind pilots the current scenario (i.e., pilots are kept in context). Otherwise they may 

think they just need to complete the ―Engine Shutdown‖ procedure (i.e., out of context).  
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Regarding the second possibility with the fuel leak, pilots may decide to relight the engine 

if they check and discover that the fuel leak is not coming from the engine but from 

elsewhere. The ―Engine Relight‖ procedure is provided on the same page as the ―Engine 

Failure‖ procedure (Figure 97).  

 

Figure 97 — Engine Relight procedure. 

4.4 Third testing (Testing III) and usability analysis 

Testing III of OCSIS was held in June 2015 and included four parts (Figure 98):  

- General usability: Getting feedback from pilots on the new version of OCSIS; and 

- OCSIS location: Finding a suitable location for OCSIS; and 
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- Situation Awareness Global Assessment Technique (SAGAT) (M. Endsley, 1995): 

Better understanding situation awareness properties of OCSIS; and 

- Heuristic Evaluation: With respect to Nielsen‘s ten Usability Heuristics, improving 

user interface design 

 

Figure 98 — Testing III timeline. 

The protocols and timeline in Testing III were the same as in the previous ones. However, 

malfunctions changed, and pilots‘ tasks changed consequently (Figure 99): 

- Fuel Leak & ENG 1 Shut Down: at about 13,000 ft., a ―Fuel Leak‖ scenario was 

activated. This malfunction required the crew to land as soon as possible, so that the 

PF requested to descend and return to KMCO. The rate of left tank fuel leak was set to 

fast, which caused Engine 1 to be shut down soon after (see Appendix I and J). A 

survey was conducted after the ―Fuel Leak‖ scenario to get feedback, reviews, and 

self-assessment from the participants.  
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- Approach preparation: the PF (i.e., the experimenter, not the participant) was in charge 

of the Multifunction Control Display Unit (MCDU) input, briefing for approach, and 

other procedures. Consequently, pilots finished the ―Approach‖ checklist. 

- Flaps Handle Locked: During the approach, when Flaps 2 was released, a ―Flaps 

Locked‖ scenario was activated. The crew had to confirm the required approach speed 

and landing distance. They could discontinue the approach if they did not have enough 

time to finish the entire checklist. After the abnormal procedures were completed, 

pilots could continue landing with this malfunction. A survey was administered after 

the ―Flaps Handle Locked‖ scenario to get feedback, reviews, and self-assessment 

from the participants (see Appendix F).   

 

Figure 99 — Testing route. 

4.4.1 Participants’ performance 

Six pilots participated in the testing, and three additional pilots (two of whom had 

participated in the Testing I and one of whom is a NASA astronaut) took the Nielsen‘s ten 

Usability Heuristics survey. Pilots‘ background and performance is presented in Table 7: 
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Table 7 — Pilots’ performance in Testing III 

Pilots #1 #2 #3 #4 #5 #6 

Flight hours 

(Hours) 

20,000 15,000 250 250 150 3600 

Aircraft type 

rating 

obtained 

B737/757/

767/777 

A320, 

B737 

A320 A320 Single-

Engine 

Aircraft 

Multi-

Engine 

Aircraft 

Time used for 

Fuel Leak& 

ENG 1 Shut 

Down 

(Minutes) 

7'16" 7'56" 4'34" 3'58" 4'16" 4'43" 

Time used for 

Flaps Handle 

Locked 

(Minutes) 

1'56" 2'12" 3'02" 1'54" 1'36" 2'10" 

Errors or 

situations 

- - Could‘t 

find the 

buttons 

Could‘t 

find the 

buttons 

Could‘t 

find the 

buttons 

- 

Remedy - - PF 

reminded 

PF 

reminded 

PF 

reminded 

- 

Unusual 

display 

- - - - - - 

Three pilots, who had less flight experience, had difficulties to find some of the buttons, 

but with experimenter‘s help, they effectively succeeded.  
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Time used for the abnormal scenarios are summarized in Figure 100. 

 

Figure 100 — Time used for two abnormal scenarios. 

4.4.2  Usability (user-system interaction) 

Cognitive walkthrough was performed after the briefing to check if pilots understood the 

scenarios and were able to find information on OCSIS. We asked them to take two actions 

related to the abnormal scenarios. We then asked them five questions. 

• Action I: Find the ―where a fuel leak is not from.‖  

For this action, one pilot said he had to scroll down the page to the bottom to know 

which situations were excluded in the ―Fuel Leak‖ procedure. He thought that it was 

not obvious that actions for completing this task are available (Figure 101). This means 

that there is a design tradeoff: (1) keeping the grey area (i.e., keeping non-applicable 

information) requires scrolling; and (2) removing the grey area (i.e., presenting only 

necessary information) removes possible alternatives. In some cases, the grey area 
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needs to be kept because pilots have a better understanding of what is not possible 

versus what is necessary. In other cases, the grey part should be removed because it 

increases information overload. Consequently, this design tradeoff has to be discussed 

with experts and decisions should be made case by case. 

 

Figure 101 — Cognitive Walkthrough of OCSIS- Action I. 

• Action II: Find the landing distance and approach speed for flaps locked.  

This action aims to check if pilots understand the performance data and diagrams 

provided on the ―Flaps Handle Locked‖ page (Figure 102). Results were excellent 

because all pilots succeeded. 
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Figure 102 — Cognitive Walkthrough of OCSIS- Action II. 

Pilots were required to assess OCSIS look and feel by evaluating display usability in terms 

of color, buttons, and other OCSIS devices. The results show that all pilots had no trouble 

to understand the system (Figure 103). 

 

Figure 103 — Look and feel feedback. 
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Pilot-OCSIS interaction was assessed on the basis of pilots‘ feedback on information icons, 

color, and size (Figure 104). 

 

Figure 104 — Interaction feedback. 

Nine pilots evaluated Nielsen‘s ten Usability Heuristics. The entire results are presented in 

Appendix G. Graduate student Varun Korgaonkar greatly helped in performing this part of 

the study. Results are presented below. Issues marked with a ―*‖ were suggested by expert 

users: 

(1) Visibility of system status 

The system should always keep users informed about what is going on, through 

appropriate feedback within a reasonable amount of time. The following are the most 

mentioned issues: 
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- Ongoing procedure should be obvious. 

- Scrolling away from content should not cause confusion with respect to the current 

position. 

- *There should be an indication that the page can be scrolled because there is more to read. 

(2) Match between system and the real world 

The system should speak the user's language, with words, phrases, and concepts familiar to 

the user, rather than system-oriented terms. Follow real-world conventions, making 

information appear in a natural and logical order. The following are the most mentioned 

issues: 

- The icons preceding actions should be changed as the triangular icon gives the impression 

of being clickable; also, the circle icon should be avoided as it gives the impression of 

having additional information. 

- Solid clickable boxes, inconsistent with the format, should be avoided. 

- *Procedures should be marked as PF or PNF for efficiency and convenience. 

(3) User control and freedom 

Users often choose system functions by mistake and will need a clearly marked 

―emergency exit‖ to leave the unwanted state without having to go through an extended 
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dialogue. The system should support undo and redo. The following are the most mentioned 

issues: 

- The system should provide quick maneuverability to specific procedures/menus instead 

of scrolling. 

- The user should be free to move through menus and work-in-progress should be saved on 

each page. 

(4) Consistency and standards 

Users should not have to wonder whether different words, situations, or actions mean the 

same thing (i.e., ensure lexical and semantic consistency). Follow platform conventions. 

The following are the most mentioned issues: 

- Checklists should have different icons. 

- Warning messages (e.g., ―Fuel Leak‖) should be color coded. 

- Headings on abnormal procedures pages should be larger. 

(5) Error prevention. 

Even better than good error messages is a careful design, which prevents a problem from 

occurring in the first place. We should either eliminate error-prone conditions or check for 

them and present users with a confirmation option before they commit to the action. The 
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most mentioned issue is that software did not prevent following incorrect order or skipping 

steps. 

(6) Recognition rather than recall 

Minimize the user's memory load by making objects, actions, and options visible. The user 

should not have to remember information from one part of the dialogue to another. 

Instructions for use of the system should be visible or easily retrievable whenever 

appropriate. The most mentioned issue is that entire procedure should be on a single page 

to avoid recall of current location. 

(7) Flexibility and efficiency of use 

Accelerators -- unseen by the novice user -- may often speed up the interaction for the 

expert user such that the system can cater to both inexperienced and experienced users. 

Allow users to tailor frequent actions. The issue is that entire procedure/subroutine should 

automatically turn green after all options completed.  

(8) Aesthetic and minimalist design 

Dialogues should not contain information that is irrelevant or rarely needed. Every extra 

unit of information in a dialogue competes with the relevant units of information and 

diminishes their relative visibility. The following are the most mentioned issues: 

- Larger font size/buttons are preferred. 

- Redundant ―Ok‖ pop up should be eliminated. 
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(9) Help users recognize, diagnose, and recover from errors 

Error messages should be expressed in plain language (no codes), precisely indicate the 

problem, and constructively suggest a solution. The most mentioned issue is that certain 

procedures/actions cannot be redone. 

(10) Help and documentation 

Even though it is better if the system can be used without documentation, it may be 

necessary to provide help and documentation. Any such information should be easy to 

search, focused on the user's task, list concrete steps to be carried out, and not be too 

lengthy. However, this issue is not applicable to OCSIS currently. 

4.5 Conclusion 

Onboard Context Sensitive Information System (OCSIS) tests were carried out in three 

steps with respect to three main topics: Pilot-OCSIS interaction, situation awareness 

properties of OCSIS (i.e., OCSIS‘s capacity to provide the right information at the right 

time with the right format – this provides pilots with situated perception and understanding 

of what is going on and what should be done accordingly), and OCSIS‘s location. This 

chapter presented two tests (i.e., Pilot-OCSIS integration and OCSIS location). Test results 

can be summarized as follows: 

(1) User-system interaction:  

o Cognitive Walkthrough: The first cognitive walkthrough was taken without 

training to discover OCSIS affordances. Results were positive, even though two 
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pilots thought one of the icons was not obviously enough. During the second and 

third testing sessions, 83% of the pilots thought ―Fuel Leak‖ and ―Flaps Locked‖ 

procedures on OCSIS were obvious and easy to understand after training.  

o Usability: Pilot participants provided feedback on OCSIS look and feel, assessing 

display attributes such as color, buttons, and other usable objects, as well as pilot-

OCSIS interaction. Testing I results showed that every pilot easily understood 

how to use OCSIS and 75% of the pilots were satisfied with all the criteria of user 

interaction. Testing II results showed that 86% of the pilots understood how to use 

OCSIS and were satisfied with OCSIS, while 81% of the pilots were satisfied with 

all user interaction criteria. Testing III results showed that every pilot understood 

and was satisfied with using OCSIS and with OCSIS‘s user interaction.  

o Observation: In the ―Fuel Leak‖ scenario, pilots easily established the failure and 

excluded the irrelevant procedures (e.g., ―Fuel imbalance‖ procedure). In the 

―Flaps Locked‖ scenario, OCSIS reduced the chance of wrong calculation of 

landing distance and approach speed. No unusual display occurred during the 

three testing sessions. 

(2) OCSIS location: After Testing I, pilots recommended four possible OCSIS locations. 

After Testing II, 64% of the pilots preferred to set OCSIS near the side-stick with a 

flexible arm. During Testing III, all pilots were satisfied with this location.  

The test of OCSIS‘s effect on perception and comprehension of the current situation will 

be presented and discussed in Chapter 5.  
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Chapter 5 

Testing and Analysis Part II: User-Centered 

Assessments 

5.1 Situation Awareness (SA) assessment 

―In life-critical systems, such as industrial processes, transportation systems and 

communication networks, human activities are mainly oriented toward decision-making. 

Decision-making is motivated by human–machine system performance (e.g., production 

quantity and quality), as well as overall system safety. It entails cognitive functions such as 

monitoring, fault prevention and recovery‖ (Millot, 2014). 

We chose to assess situation awareness using Endsley‘s SAGAT method. Endsley‘s SA 

model claims that SA is ―the perception of elements in the environment within a volume of 

time and space, the comprehension of their meaning, and the projection of their status in 

the near future‖ (Endsley, 1995). This model has been already used by the aviation 

industry and includes three processes (Figure 105): 

• The perception of what is happening (Level 1); and  

• The understanding of what has been perceived (Level 2); and 

• The use of what is understood to think ahead (Level 3) 
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Figure 105 — Gaining and maintaining SA (FOBN, Airbus). 

At the perception level, pilots gather data and information from the environment, 

instruments and references. We set up a testing scenario where pilots had to figure out 

specific malfunctions after the occurrence of a caution on the ECAM or OCSIS. At the 

comprehension level, pilots have to understand the situation and create a mental model of 

the situation. In this second round of testing, pilots had to perform the right procedures by 

combining data observed on the ECAM and OCSIS. At the projection level, pilots are 

already trained to think ahead and anticipate future events with respect to their goals. They 

basically use an inference process of abduction (i.e., assume a point in the future and act 

accordingly to reach this point). In this second round of testing, pilots had to predict a 

future state of the environment (i.e., external-to-the-aircraft situation state projection) and 

possible aircraft‘s malfunction consequences (i.e., internal-to-the-aircraft situation state 

projection). An example of internal-to-the-aircraft situation state projection was to figure 



137 

 

out ―how much fuel was needed to land at the nearest appropriate airport, to estimate the 

probability of go-around with ‗Flaps Locked,‘ and to distinguish go-around procedures 

with the normal go-around.‖ This projection level required that pilots involved in this 

testing had A320 experience (i.e., knew the basic performance of A320, such as the 

average fuel consumption and go-around constraints). In fact, OCSIS context-sensitivity 

provides a situation awareness capability that no paper manual could provide. The main 

difficulty is to set up the right context patterns during the design phase. This is why HITLS 

and observation on pilots‘ activities are crucial because context patterns deliberately 

implemented by designers (initially based on tasks) have to be incrementally modified and 

refined (based on observed activity).  

In summary, since not all testing participants were A320 pilots, we only focused on SA 

perception and comprehension levels to check if OCSIS facilitates pilots‘ SA cognitive 

processes. These two levels were subjectively assessed through pilots‘ self-assessments 

using paper-based operation documents and OCSIS for the same tasks.  

- Testing I focused on the assessment of SA perception and comprehension levels using 

the first OCSIS prototype and paper-based documents. For OCSIS, the pilots rated the 

failure triggering (i.e., popup window indicating failure) and automation feedback (i.e., 

the corresponding procedure displayed by OCSIS). They also rated the comprehension 

level of the procedures provided by both paper documents and OCSIS.  

- Testing II focused on the assessment of SA comprehension level of the second OCSIS 

prototype and paper-based documents. Only 12 pilots carried out the OCSIS-paper 
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document comparison. Ten pilots carried out OCSIS testing only. At this point, since 

there was no integration between OCSIS and the simulator, we did not focus on the 

perception level. The 22 pilots rated the comprehension level for both paper documents 

and OCSIS.  

- Testing III focused on the assessment of SA perception and comprehension levels 

using the third OCSIS prototype. For OCSIS, the pilots rated the failure triggering (i.e., 

popup window indicating failure) and automation feedback (i.e., the corresponding 

procedure displayed by OCSIS). They also rated the comprehension level of the 

procedures provided by OCSIS only.  

5.1.1 SA Testing I 

This section presents the results of Testing I. 

• Perception (level 1): 

Pilots were asked to rate the way they perceived failure triggering as well as the 

automatic feedback both on ECAM and OCSIS. Figure 106 presents the average scores 

provided by the pilots. 

Any time a failure occurred, an associated action was displayed on the ECAM and 

OCSIS synchronously. ECAM did not provide all the procedures for the two 

malfunctions described in Chapter 3. This is why pilots gave ECAM a lower score. 

Another reason is that there was no sound in the simulator for ECAM cautions. This 

was obviously a limitation that needed to be fixed. This fact illustrates our agile 

approach to design. 
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Figure 106 — Evaluation of failure triggering and automatic feedback of ECAM and OCSIS. 

• Comprehension (level 2): 

After each malfunction, pilots were asked to answer the same questions about 

procedure comprehension. Results are shown in Figure 107 and Figure 108. During the 

first session with paper documents (i.e., QRH), one of the pilots said he did not 

understand every action in the procedures because the instructions were not explicit 

enough to establish that there was a fuel leak, especially for less experienced pilots. 

OCSIS automatically detects the fuel leak and therefore indicates it explicitly. 

Therefore, no matter how experienced the pilot is, he or she will establish the fuel leak 

just by reading OCSIS screen. This was confirmed during the second testing session; 

all pilots said they understood the actions in the procedures on OCSIS. 
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Figure 107 — Evaluation of comprehension in “Fuel Leak” (paper-based documents vs. 

OCSIS). 

 

Figure 108 — Evaluation of comprehension in “Flaps Locked” (paper-based documents vs. 

OCSIS). 

In summary, OCSIS provides situations explicitly. This feature obviously facilitates 

perception and comprehension with respect to our testing results.  

Pilots were also asked to rate the information/alarm synchronization between the cockpit 

and OCSIS on iPad, and how much the dynamic color system enhanced their perception 

and comprehension of the current situation for both scenarios, ―Fuel Leak‖ and ―Flaps 

Locked.‖ Average scores are presented in Figure 109. 
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Figure 109 — Evaluation of integration of OCSIS. 

5.1.2 SA Testing II 

Results for Testing II are presented below.  

Twenty-two pilots participated in Testing II. 25% of the pilots had difficulty understanding 

every action proposed on the QRH; most of them were First Officers. In addition, 27.27% 

of the pilots had difficulty understanding every action proposed on OCSIS in the ―Fuel 

Leak‖ scenario and 18.18% of the pilots had difficulty understanding every action 

proposed in OCSIS in the ―Flaps Locked‖ scenario; most of them had English language 

limitations. Nevertheless, all of them succeeded in retrieving the information that was 

necessary to complete the tasks, as well as in detecting and handling failures on ECAM 

with paper-based documents or OCSIS (Figure 110 and 111). 
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Figure 110 — Evaluation of comprehension in “Fuel Leak” (paper-based documents vs. 

OCSIS). 

 

Figure 111 — Evaluation of comprehension in “Flaps Locked” (paper-based documents vs. 

OCSIS). 

5.1.3 SA Testing III 

For ―Fuel Leak & ENG 1 Shut Down,‖ two experienced pilots understood every action 

during the flight; however, three pilots who only had basic flight experience could not 

understand every action because of a lack of strong system knowledge training on the 

A320. One pilot could not retrieve necessary information for completing the task because 



143 

 

of lack of training on this scenario. However, all of them succeed in relating the failure on 

the ECAM with corresponding information on the iPad (Figure 112). 

 

Figure 112 — Evaluation of comprehension in “Fuel Leak & ENG 1 Shut Down.” 

 

Figure 113 — Evaluation of comprehension in “Flaps Handle Locked.” 
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In the ―Flaps Handle Locked‖ scenario, only one pilot could not understand every action 

during the flight. All pilots could retrieve necessary information for completing the tasks 

and also relate the failure on the ECAM with corresponding information on the iPad 

(Figure 113).  

For the multi-tasks in Testing III, OCSIS provides situations explicitly. This feature 

obviously facilitates perception and comprehension with respect to our testing results.  

Pilots were also asked to rate the information/alarm synchronization between the cockpit 

and OCSIS on the iPad and to rate how much the dynamic color system enhanced their 

perception and comprehension of the current situation for both scenarios, ―Fuel Leak & 

ENG 1 Shut Down‖ and ―Flaps Locked.‖ Average scores are presented in Figure 114. 

 

Figure 114 — Evaluation of integration of OCSIS. 
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5.2 Discussion 

5.2.1 Summary of analysis 

1. The OCSIS prototype improved from Version I to Version III. During Testing I, the 

feedback of perception and comprehension of OCSIS was positive. During Testing II, 

a few pilots could not understand every action on OCSIS due to their English 

limitation. During Testing III, we observed that pilots did not think they 

comprehended everything on OCSIS; this was due to the fact that the difficulty of the 

multi-tasks (i.e., participants‘ knowledge on Fuel Leak with Engine Failure) and Flaps 

Handle Locked malfunction was not integrated within OCSIS. We corrected that (i.e., 

using the agile approach). Beyond these specific results, the formative evaluation 

method that consists of observing pilots‘ activity to better understand the discrepancy 

between OCSIS context patterns and pilot‘s situation awareness of both the situation 

itself and what OCSIS proposes is very useful and effective. 

2. OCSIS testing complies with the four key types of human factors defined by Chanda 

and Mongold (2000): (1) Usability of hardware user interface (i.e., we used 

questionnaires to find out about the location of the OCSIS iPad in the cockpit); (2) 

Usability of software user interface (i.e., we used questionnaires to get feedback from 

pilots on usability and usefulness of interface items); (3) Integration of hardware and 

software with existing cockpit systems (i.e., pilots were asked to provide their 

opinions on the operational integration of OCSIS in the cockpit); (4) Design of 

training/procedures for OCSIS (i.e., we designed normal and abnormal procedures for 

Testing II and III). 
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5.2.2 Airworthiness  

Airworthiness is defined in JSP553 Military Airworthiness Regulations (2006) Edition 1 

Change 5 as ―The ability of an aircraft or other airborne equipment or system to operate 

without significant hazard to aircrew, ground crew, passengers (where relevant) or to the 

general public over which such airborne systems are flown.‖ 

In Federal Aviation Regulations Part 21, Section 21.183 is the airworthiness part with 

proper documentation. ―Mechanics must assure that any part they certify as airworthy is 

airworthy and that proper documentation has been presented.‖ The certification of 

airworthiness is initially determined by the national aviation authority (e.g., FAA in US) 

that is responsible for developing the regulatory requirements that will apply, and is 

maintained by performing the required maintenance actions.  

After the FAA authorized operators to use an iPad as a Class 1 EFB in 2011, the FAA 

issued Information for Operators (InFO) in May 2011 that authorized ―the operator using 

the iPad with the Jeppesen Mobile TC App to display approach plate, terminal procedures, 

and airport diagrams.‖ This provides the precedent of authorizing specific applications on 

the iPad in the cockpit.  

In the OCSIS case, the application of airworthiness should define the condition of OCSIS 

for supplying the basis for judgment of the suitability for flight of the commercial aircraft, 

in that the aircraft has been designed with engineering accuracy, assembled, maintained 

and is expected to be operated to approved standards and limitations. In this project, we 

considered airworthiness of OCSIS, but we did not do extensive research on it.  
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5.2.3 Tangibility 

OCSIS was first designed as a piece of software that had to be used as a tangible 

interactive system (TIS) onboard a commercial aircraft. The main issue we had to solve 

was tangibility. Onboard paper-based documentation has been used from the beginning of 

aviation history and is tangible for pilots to grasp, handle and use. Tablets are now 

commonly used by the general public and have been authorized to be used on the flight 

deck by the FAA. Consequently, we considered that tablets are tangible objects that can 

support OCSIS software. This is physical tangibility, but figurative tangibility should be 

tested (Boy, 2016). Figurative tangibility in this case means for pilots to keep correct 

situation awareness using OCSIS. We conducted testing studies that provide a first set of 

methods and tools to extend this figurative tangibility assessment. The first three testing 

studies that were performed showed that this hypothesis was confirmed on a fully equipped 

cockpit simulator in realistic flight operations scenarios with professional pilots. It is 

obvious that more iteration is needed and will be implemented in the near future to get a 

mature version of OCSIS.  

This dissertation provides a first iteration of participatory design of OCSIS. More generally, 

it shows the shift from the traditional automation approach, where additional software was 

added to the cockpit and induced some kinds of rigidity that sometimes resulted in 

unexpected situations, to TIS design, where tangibility has to be tested using situation 

awareness models and criteria. Of course, the concept of tangibility is more complex and 

will require more investigation. 
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1. The Dynamic Color System provides dynamic situation awareness that increases 

flexibility on pilots‘ actions. Flexibility is an important dimension of tangibility (Boy, 

2016). For example, when a do-list action is not possible to execute yet, the amber 

color reminds the pilots for later execution (Figure 115). 

 

Figure 115 — Amber reminder on OCSIS. 

2. When using OCSIS, pilots can decide to postpone an abnormal procedure and the 

system is able to remind them at an appropriate time (Figure 116).  

 

Figure 116 — Failure reminder on OCSIS. 

3. Using OCSIS, pilots have direct access to the first layer of operational information as 

well as to the other layers on demand; this feature provides significant flexibility. For 

example, pilots can choose to review more information about one action when there is 

a triangle icon (Figure 117).  
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Figure 117 — Level 1 to level 2 on OCSIS. 

4. Global checks after each flight phase are possible, which improve flexibility in a high 

time-pressure situation. Meanwhile, some of the actions cannot be detected by the 

system, such as the call-out, double check, communication with ATC, or reading 

information from an instrument (Figure 118). In the phase of ―After Start,‖ the action 

of ―ECAM DOOR PAGE,‖ ―CLEAR TO DISCONNECT,‖ and ―TAXI CLEARANCE‖ 

cannot be accessed from the database at this point. However we expect that a data-link 

will provide access to this kind of information and therefore will be integrated within 

OCSIS. 

 

Figure 118 — Global check at the end of “After Start” phase. 
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5. OCSIS connectivity with flight parameters provides useful affordances, such as 

―Parking Break‖ and ―Rudder Trim‖ information that will automatically turn green 

when the appropriate action is taken (Figure 55 in Chapter 3.3.6).  

6. OCSIS knows about pilots‘ actions on cockpit instruments and provides redundant 

feedback (i.e., this feature provides an embedded safety-critical cross-check). This 

additional cross-checking support is very useful for safety and efficiency purposes and 

improves the perception of pilots by showing what actions they missed, forgot, or 

when they made a mistake. 

5.3 Conclusion 

An adaptation of Endsley‘s SAGAT method was used to assess situation awareness at both 

perception and comprehension levels, in the sense of perception and comprehension of 

what OCSIS proposed to pilots.  

(1) Perception level: OCSIS failure triggering and automatic feedback were evaluated by 

pilots in Testing I. Pilots rated 9.5 out of 10 on failure triggering and 9.4 out of 10 on 

automatic feedback.  

(2) Comprehension level: All pilots understood every action in Testing I. 72% of the pilots 

understood every action in ―Fuel Leak,‖ while 82% of the pilots understood every 

action in ―Flaps Locked‖ of Testing II. In addition, 50% of the pilots understood every 

action in ―Fuel Leak & ENG 1 Shut Down,‖ while 83% of the pilots understood every 

action in ―Flaps Handle Locked.‖  
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Pilots provided positive feedback on the integration of OCSIS. OCSIS can be qualified as a 

tangible interactive system onboard a commercial aircraft, in the figurative sense of 

tangibility (i.e., providing the correct status for pilots). The first three testing studies 

showed that this hypothesis was confirmed on a fully equipped cockpit simulator in 

realistic flight operations scenarios with professional pilots. It is obvious that more testing 

is needed and will be carried out in the near future to get a mature version of OCSIS. This 

issue will be presented and discussed in Chapter 6.  
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Chapter 6 

Conclusion and Perspective 

6.1 Conclusion 

The benefits from OCSIS are listed below: 

1. Onboard operational paper-based documents have a number of heavy manuals and 

charts that contain a huge amount of information. Pilots typically use these documents 

as books, moving from page to page, chapter to chapter, and manual to manual to 

complete operational tasks. They require substantial training. These documents are 

usually annotated and tagged, using post-it for example. OCSIS is a tablet-based 

application that integrates all the information that is physically distributed in several 

manuals. Its weight is therefore the weight of the tablet. It is easy to use with minimal 

training, as well as easy to tag, carry, and update. It contains information structure 

using meaningful context patterns (e.g., phase of flight, normal and abnormal 

conditions). It takes advantages of all of the devices of a tablet, including tangibility, 

familiarity, and maturity of use.  

2. Electronic support systems (ESS) have been onboard for three decades (e.g., ECAM 

for Airbus). Remaining operational information is supported by paper-based 

documentation, which enables pilots to process what ESS cannot support (e.g., FCOM 
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for Airbus). OCSIS provides electronic support for this kind of remaining operational 

information. We chose to develop this new operation-support system on a tablet, 

wirelessly connected to relevant cockpit parameters, to provide context-sensitivity to 

procedure-following. Of course, this context-sensitivity enables customization and 

specialization (e.g., adaptation to different airlines, manufacturers, and/or countries). 

3. Electronic Flight Bag (EFB) is now widely designed, tested and used on flight decks. 

For example, the interactive tablet-based version of the Quick Reference Handbook 

(QRH) for B737NG offers advanced navigation and search capabilities, simplifies non-

normal checklist use, and aids in checklist execution. However, the database is still 

context-free. OCSIS has a context-sensitive database capable of being triggered by 

flight parameters (e.g., non-normal procedures are triggered by the alerting system). It 

supports procedure execution using a Dynamic Color System (DCS). Context-

sensitivity contributes to improved perception and comprehension of the current 

situation, decision-making, and action-taking. Of course, context-sensitivity requires 

more incremental testing and maturity. This is what this dissertation started to develop, 

including an agile/HITLS methodology that can be further used to incrementally 

validate OCSIS. 

4. Context-sensitivity is also an asset of such a system because it enables following a 

pilot‘s execution of checklists, dolists, and more generally operational procedures by 

constantly crosschecking what needs to be done (i.e., tasks) and what is effectively 

done (i.e., activity). OCSIS has the capacity to increase a pilot‘s effectiveness and 

overall safety on the flight deck by providing appropriate information at the right time 
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with the right format. In addition, it can remind pilots about anything that they might 

forget to do or might do improperly. It is clear that further investigations and re-design 

should be performed in order to master OCSIS context patterns and related useful 

onboard information.  

OCSIS drawbacks are listed below: 

1. Hardware concerns: Tablets as electronic devices may lose power or be broken by 

external forces. Therefore, autonomy and physical robustness are two issues that need 

to be further studied and fixed. Redundancy of ―minimal‖ paper-based documents 

could also be a transient solution to be investigated. 

2. Software concerns:  

- Parameter availability: OCSIS design is based on available parameters that can be 

retrieved from an A320 simulator (and later from the aircraft itself). OCSIS 

automation and usefulness mainly depends on the quality of available parameters. 

Ideally, it would be great if OCSIS could integrate all aircraft flight parameters, 

which can be integrated into meaningful contextual patterns leading to appropriate 

operational information accessible in real-time. For this research effort, due to the 

limitation of the simulator, we could only access a few useful parameters; however 

this was enough to demonstrate what context-sensitivity could bring to flight 

operations.  

- Information reliability: All procedures currently implemented in OCSIS are based 
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on the scenarios that we chose. These procedures were reliable and trusted by 

pilots who participated in the testing sessions. Of course, the more testing, the 

more reliable and complete OCSIS will be.  

- Backup solution: A standby system or backup solution should be considered in 

case of OCSIS failure. Basically, two independently developed OCSIS systems 

should be available onboard for redundancy purposes. 

- Cyber-security: OCSIS is connected to flight parameters through WiFi. Cyber-

security is then a concern for future commercial use. We did not develop any 

research or work on this kind of issue. It will be investigated in the near future. 

3. Human concerns: context-sensitivity provides OCSIS with dynamic procedures and 

actions. This kind of automation might have unexpected side effects on human 

performance, but we did not investigate this point, which requires more 

experimentation. We considered that this would be the topic of another research effort 

or dissertation. As a general point, pilots should keep a reasonable level of trust (not 

too high and not too low) of OCSIS. A pilot‘s competence, skills, and knowledge, as 

well as experience, are still key factors for flight safety. OCSIS helps to support these 

factors. Human-automation interactivity requires judgment skills, reliability, and safety 

of operation that needs to be further studied (Johnstone, 2013). At this point, OCSIS 

still requires testing and improvements, but it is also already usable and useful for 

further development, which illustrate the interest and effectively of our agile/HITLS 

approach.  
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One of the most critical features of OCSIS is context-sensitivity, which enhances 

operational procedures following. Context-sensitivity provides pilots with more flexibility 

in flight operations. The main issue of this approach is the definition of context patterns. 

Indeed, getting the right procedure at the right time means that the system has the 

appropriate context pattern that matches the current situation and triggers the appropriate 

procedure. Consequently, context pattern correctness is crucial. In other words, context 

patterns have to recognize the right context and propose the right procedure to the pilot 

(Boulnois, Boy & Tan, 2015). For example, in the ―After Engine Start‖ phase, OCSIS has 

to retrieve the outside temperature and weather information in order to propose the 

appropriate procedure (i.e., the context pattern is ―temperature low‖ and ―visible moisture‖ 

translated into numerical values, and the procedure is ―suggested to turn on Engine Anti-

Ice‖). Although it is obvious that context pattern definition is a complex problem, current 

OCSIS design and positive experimental results encourage us to further develop a rational 

approach for context-sensitivity. Future work will be dedicated to context pattern 

acquisition and formalization in the context of OCSIS development.  

Creativity and evaluation are two important processes in Human-Centered Design (HCD). 

Creativity can be seen as integration of existing things (Boy, 2016). Regarding OCSIS, we 

integrated well-known technology and techniques to create a new tool (Boulnois, Boy & 

Tan, 2015). For example, OCSIS was created using a tablet, context-sensitive software and 

appropriate connectivity, linking it to an HCDi A320 flight simulator. HCD recommends 

testing activity from the very beginning of design using realistic technology (e.g., realistic 

operating procedures and aircraft simulator), organization (e.g., two crewmen cockpit 
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organization) and people (e.g., professional pilots). This approach led to very credible 

simulations, which were used to increase the tangibility of OCSIS (i.e., flexibility, maturity, 

and stability). The three formative evaluations showed that OCSIS provides new features 

that contribute to improving safety, efficiency, and comfort of operations in the cockpit. 

We are aware that this is a preliminary result but it provided input information for an 

improved design of OCSIS, which we are currently developing.  

This research and HCD effort are based on both participatory design and agile 

development (i.e., at the end of each phase, the system is testable in an HITLS 

environment). This is now typical for the design and development of tangible interactive 

objects (Boy, 2014), and more generally tangible interactive systems (TISs) (Boy, 2016), 

where the problem is no longer automation but the search for tangibility. Modeling and 

simulation are very useful to explore possibilities and drawbacks of these TISs. The quality 

of both simulation capabilities and pilot participants is crucial (Boulnois, Tan & Boy, 

2015). If the issues traditionally raised by human factors and ergonomics specialists when 

engineering work is done are now posed at the beginning of the design phase in a virtual 

world (i.e., virtual engineering is part of HCD), new kinds of questions would emerge from 

this practice, that is, tangibility. 

First designs of OCSIS were not done without purposes and references. We based our 

creativity process, in the sense of synthesis and integration, on previous expertise and 

experience in the commercial aviation domain, more specifically, work done by Blomberg, 

Speyer and Boy (2000) on the three layers of electronic operations documentation and 

Ramu‘s dissertation work on onboard context-sensitive information systems (2008). This 
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work is typically based on human-computer interaction (HCI), hypertext, and context-

sensitive information systems work.  

The shift from paper to electronics enables the emergence of context-sensitive HCI. 

Consequently, representation of context, identification of relevant contextual information, 

and actual interaction at the right time with the right information are key issues that needed 

to be further explored and developed. Thus, that is what this dissertation addressed. The 

difficulty was in the design and development of an appropriate tangible interactive system 

that would enable us to better understand what context brings in commercial aviation for 

checklist and procedure following. Our approach was based on creativity. We explored 

various kinds of solutions that attempted to improve safety, efficiency, and comfort on the 

flight deck. 

6.2 Perspective 

The current version of OCSIS results from three testing studies. In Testing III, Nielsen‘s 

ten Usability Heuristics helped us prioritize issues with respect to those that users found 

critical to those that may not be critical. These tests greatly improved OCSIS usability. 

• On the procedure page: 

1. Quick maneuverability to specific procedures/menus instead of scrolling.  The 

current procedures are reviewed by scrolling the page, and procedures of all flight 

phases are on one page. It is possible to fit each flight phase on a single page, and 

pilots can move left and right to review procedures for other flight phases. In the 
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meantime, a menu to select a particular flight phase can be set at the top of the 

screen (Figure 119). Pilots should be free to move through menus; information 

flow progress is saved on each page.  

 

 

Figure 119 — Comparison of procedure’s headings. 

2. Headings are not always visible for every section/page/title of an abnormal 

procedure. Long procedures cannot be avoided (i.e., longer text than what the 

screen can accommodate). OCSIS should inform the pilot that there is more to 

show (i.e., an arrow could be set at the bottom of the screen to indicate that 

additional scrolling is possible). The problem with longer procedures is that when 

pilots scroll, they remove relevant information from the screen, which therefore 
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can be lost and/or confused. Solutions are being studied to solve this problem (i.e., 

more specifically, conciseness and segmentation of information).  

3. Caution or warning messages (e.g., ―Fuel Leak‖ popup message in Figure 120) as 

well as titles of abnormal procedures should be color coded. 

 

 

 

Figure 120 — Caution message. 

Moreover, abnormal procedure headings should be larger (e.g., white ―Fuel Leak‖ 

title in Figure 121).  
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Figure 121 — The title of abnormal procedure. 

4. The procedures should be marked as the PF or PNF for efficiency and convenience. 

5. Larger font size/buttons are preferred.  

• Improvement on buttons, icons and action lines: 

1. Remove redundant ―Wait‖ option for certain actions. 

 

Figure 122 — The example of redundant “Wait” option. 
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2. Sometimes, we want to make interaction as safe as possible in order to avoid or 

reduce human errors, but error resistance can be counter-productive. This was the 

case of the pop-up window indicating that the ―Fuel Leak‖ procedure needed to be 

performed. However, this was experienced as an additional burden that needed to 

be removed (Figure 123).  

 

Figure 123 — The “OK” pop-up window of abnormal procedure. 

3. Consistency is a key aspect in usability engineering. For example, solid clickable 

boxes such as ―Check-all‖ bars are inconsistent with the usual cockpit format (e.g., 

the background of other clickable boxes is black and characters are blue, and as 

shown on Figure 124, the solid clickable box format of Check-all bar is the 

opposite).  

 

Figure 124 — The “check all” bar and other clickable boxes. 
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4. ―Checklist layout, format, and display also strongly influence the usability and 

readability of checklists. Some checklist developers do not pay enough attention to 

the visual look of the checklist and the arrangement of items on the page, or do not 

use enough ‗white space,‘ resulting in paper checklists that are hard to read and 

difficult to follow‖ (Burian, 2005). Icons preceding actions should be changed 

because (1) triangular icons afford selecting more information (Level 2 

information), and (2) circle icons inform pilots that there is no additional 

information. We finally decided that there will be icons for checklists and no icon 

for simple action lines (Figure 125). This is a problem of maturity in the 

categorization of items in the procedures.  

 

 

 

Figure 125 — Comparison of checklist’s icon. 

5. Once an action line has been executed it becomes green; the next action line should 

be marked or highlighted in blue to be immediately perceived by the pilot.  
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6. Additional drop-down information (Level 2) retracts automatically when the action 

line is ―DONE.‖ For instance, if ―FLAPS lever‖ action line is expanded for more 

information (Figure 126), the drop-down information should be retracted 

automatically after this action is done.  

 

Figure 126 — The drop-down information of one action. 

7. The entire procedure or sub-procedure should automatically turn green after all 

options are completed. For example, for the Engine Restart procedure in ―Fuel 

Leak‖ (Figure 127), if all the options are completed under this part, the title line of 

―ENGINE RESTART‖ should turn green automatically. 

 

Figure 127 — The sub-procedure of Engine Restart. 
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• Other functions: 

1. Pilots should have the capability to bookmark any information they want during 

the flight.  

2. It should be possible to expand any item of the main menu into executable 

functions. For instance, the performance part can give access to a virtual calculator that 

enables pilots to calculate performance data in phases such as ―Before V1,‖ ―Before 

VR,‖ and ―Before V2.‖ Another example is the map menu that can provide taxing 

guidance and other landing functions.  

OCSIS is a comprehensive system that aims to make flight of commercial aircraft safe, 

efficient, and comfortable. The multiple usability evaluations and user-centered 

assessments performed on the system can discover the maximum number of issues. The 

heuristic evaluation after the Testing III identified many major usability issues of the third 

version of OCSIS, and the cognitive walkthrough with the usability evaluation on the basis 

of Neilsen‘s ten heuristic principles figured out these issues. Testing efforts that we carried 

out provided good signs that experienced pilots (trained with paper manuals traditionally) 

and beginner pilots had similar user experiences with OCSIS. Of course, this specific result 

is limited to a few professional pilots who collaboratively worked with us on Airbus 320 

and should be extended to larger experimental studies to conclude in general. 

We benefited from iBlocks to integrate procedures for each scenario and hyperlink them.  

They are easy to implement, and can be improved and updated both at context and context 
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levels. Professional pilots are needed to gather useful and appropriate information for 

different scenarios, and then software engineers can implement them in OCSIS.  

Usability testing brought us a series of usability issues that helped us to concretely improve 

OCSIS. Although not all the solutions could be addressed due to time, these can be 

addressed in further work. Solutions have been identified and formulated in this study. It 

would be ideal to test the usability of all solutions and improvements with the same group 

of participants, to then compare their responses using OCSIS. 

Context-sensitivity provides both benefits (e.g., integration and interaction) and drawbacks 

(e.g., enhanced information reliability and cyber-security). We are continuing design and 

development of OCSIS using the methodology presented in this dissertation, as well as 

improving the methodology itself. Human-centered design is an effective iterative process 

that can be difficult and tedious. This is the price to pay if we want to take into account 

human capabilities and limitations in concert with capabilities and limitations of 

technology. What this work brings that was not fully taken into account in the past (e.g., 

task-based Fitts‘s MABAMABA list of principles; Fitts, 1995), is the consideration of 

activity (what people really do) and not only the task (what people ate supposed to do). 

This is made possible using human-in-the-loop simulations (HITLS). HCDi is equipped 

with two commercial aircraft simulators that enable this kind of HITLS. In addition, this 

HITLS tool and technique would not be credible without involving professional pilots, 

which we have done from start to end of this work. 
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Consequently, this research effort is not a classical human-factors experiment-based 

research based on existing systems, but a creative work based on experience and expertise. 

The goal was the creation of a human-centered system that would be useful and usable by 

professional pilots on a commercial aircraft flight deck for handling operations safely, 

efficiently, and comfortably. While this work needs more improvement and maturity, it 

provides a first account that should be further developed and tested in the near future. 
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Appendix A 

The flow of using documents in flight 

 

Figure 128 — The flow of using documents in flight. 
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Note: 

1. Before takeoff, when there are any malfunctions, pilots need to go back to the 

CDL/MEL/DDG step. 

2.* indicates that this part is done by memory in normal situation; further details are in 

QRH 

**indicates that this part is done by memory in normal situation; if any malfunctions occur, 

pilots can refer to QRH if it is required.) 
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Appendix B 

IRB form 

RESEARCH INVOLVING HUMAN SUBJECTS 

Exempt Application 

This form shall be used if there is minimal risk to human subjects and one or more of the 

conditions below apply. If there is more than minimal risk associated with the research 

(none of the conditions below apply) or if the research utilizes a special population 

(children, prisoners, institutionalized individuals, etc.), please use the full application form 

found on the IRB website. 

You should consult the university's document ―Principles, Policy, and Applicability for 

Research Involving Human Subjects‖ prior to completion of this form.  Copies may be 

obtained from the Office of Sponsored Programs and on the IRB website. 

 

Name: Wei Tan 

Date: September 3, 2014 

Academic Unit:  Human Centered Design institute 

Email: wtan2011@my.fit.edu 

Title of Project: Onboard Context Sensitive Information System 
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   1) Research conducted in established or commonly accepted educational settings, 

involving normal educational practices, such as: 

a. research on regular and special education instruction strategies, or 

b. research on the effectiveness of or the comparison among instruction 

techniques, curricula, or classroom management methods. 

 2) Research involving the use of educational tests (cognitive, diagnostic, 

aptitude, achievement), survey procedures, interview procedures, or 

observation of public behavior unless: 

a. the subjects can be identified, directly or through identifiers linked to the 

subjects and 

b. any disclosure of subjects‘ responses outside the research could reasonably 

place the subjects at risk of criminal or civil liability or be damaging to the 

subjects‘ financial standing, employability, or reputation. 

Note:  This exemption does not apply to survey procedures or interviews 

involving minors. 

 3) Research involving the use of educational tests, survey or interview procedures, 

or observation of public behavior if: 

a. the subjects are elected or appointed public officials or candidates for public 

office or 

b. the confidentiality of the personally identifiable information will be maintained 

throughout the research and thereafter.  

 4) Research involving the collection or study of existing data, documents, records, 

or specimens if these sources are publicly available or if the information is 

✕ 
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recorded by the investigator in such a manner that subjects cannot be identified, 

indirectly or through identifiers linked to the subjects. 

 5) Research and demonstration projects that are conducted by or subject to the 

approval of Department or Agency heads and that are designed to study, evaluate, 

or otherwise examine: 

a. public benefit or service programs, 

b. procedures for obtaining benefits or services under those programs, 

c. possible changes in or alternatives to those programs or procedures, or 

d. possible changes in methods or levels of payment for benefits or services 

under those programs.  

 6) Taste and food quality evaluation and consumer acceptance studies if: 

a. wholesome foods without additives are consumed or 

b. food is consumed that contains food ingredients found to be safe by the Food 

and Drug Administration or approved by the Environmental Protection Agency 

or the Food Safety and Inspection Service of the U.S. Department of 

Agriculture. 

 

1. List the objectives of the proposed project. 

Making flight safer, more comfortable and efficient by providing assistance and enhance 

capabilities of interaction with other systems in normal and abnormal situations 

2. Describe the research project design/methodology. Discuss how you will conduct your 

study, and what measurement instruments you are using. If your project will use a 
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questionnaire or structured interview, attach. Please describe your study in enough detail so 

the IRB can identify what you are doing and why. 

Even though paper documentation is huge and complicated, pilots must refer to it to 

complete flight task. Even though Electronic Flight Bag and Onboard Information System 

are advanced tools to assist pilots‘ work; operational documents are still in their original 

format and arrangement. Neither all abnormal procedures are available on Electronic 

Centralized Aircraft Monitor (ECAM) nor not all types of aircrafts have ECAM or some 

other electronic systems to process and display procedures. The Onboard Context-Sensitive 

Information System is introduced into cockpit of commercial aircraft to make the flight 

safer, more comfortable and efficient by providing assistance in normal and abnormal 

situations and enhanced capabilities of interaction with other systems on board. 

Our context-sensitive approach of the electronic documentation will take into account 

various possible philosophies (Airbus and Boeing in particular), covering flight documents 

in normal, abnormal and emergency operations, system documents related to systems‘ 

theory, principles, and controls, performance documents and navigation documents such as 

Jeppesen Charts, Aerad or some other charts. Methodology: questionnaire survey to get 

users‘ feedback of OCSIS and current paper documents; malfunction mockup in stable 

simulator to test display format and functions and compare with same mockup with paper 

based documents; observation protocols in stable simulator to acquire pilots‘ activities 

when using OCSIS. 

3. Describe the characteristics of the subject population, including number, age, sex, and 

recruitment strategy (attach actual recruitment email text, recruitment flyers etc.). 
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Four participants who have flight experience are needed. Age must above 18 years old. 

Use email to contact with people who are recommended by my colleagues and my 

professor. 

4. Describe any potential risks to the subjects (physical, psychological, social, and legal, 

etc.) and assess their likelihood and seriousness. Research involving children must 

carefully assess risks and describe the safeguards in place to minimize these risks. 

There is minimal risk in the test. The test will be conducted anonymously. Pilots are 

required to do a questionnaire first and then perform daily task in the simulator as usual, 

just add an iPad on the flight deck during flight. 

5. Describe the procedures you will use to maintain the confidentiality and privacy of your 

research subjects and project data. 

We will collect protected personal information during this test; include names, email 

address, flight hours and aircraft type rating, surveys and questionnaires. All the paper 

copies and testing results will be stored under a lock system to ensure confidentiality.  

Data will be collected and entered electronically into a database that will be protected by 

a password. Access to the system is limited to authorized individuals through the use of 

unique user-name and password. 

The data collection associated with their involvement with the task will not be connected 

with their identity. Their information will not appear anywhere and no one expect PI will 

know about their specific answers and performance. 

6. Describe your plan for informed consent (attach proposed form). 

Please see attached 
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7. Discuss the importance of the knowledge that will result from your study and what 

benefits will accrue to your subjects (if any). 

I will test usability and usefulness of my project, also test the best location for OCSIS 

(Onboard Context Sensitive Information System) in the cockpit. 

The collected data will help to identify a Tablet-based procedures and other information is 

useful for pilots working on the flight deck. And it will help us to discuss the location of a 

tablet in the cockpit as well. Furthermore, the results will show how could we improve this 

system not to distract pilots from flying but also can improve their situation awareness. 

8. Explain how your proposed study meets criteria for exemption from Institutional Review 

Board review (as outlined on page 1 of this form) 

This study presents minimal risk to participants: 

-The test will be conducted on adults only. 

-Subjects will be de-identified and results and personal information will be maintained 

confidential. 

-The task will be conducted in a stable simulator, no risk for people to take the task. 
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Appendix C 

Consent form 

 
 
Consent Form for Participation in a research study  

Florida Institute of Technology - Human Centered Design Institute 

Onboard Context Sensitive Information System 

Description of the research and your participation 

You are invited to participate in a dissertation research study conducted by Wei Tan, PhD 

Candidate and Anouk, Research Engineer, at the Human Centered Design Institute (HCDi), 

Florida Institute of Technology. The purpose of this research is conduct testing to assess 

the usability and usefulness of Onboard Context Sensitive Information System. 

Testing will consist of you answering questions that are designed to assess and evaluate 

situation awareness and interaction with device with respect to usability testing which will 

focus on in-depth qualitative work. 

Basic questions will focus on comprehension, perception and projection which will be used 

to be assessing situation awareness. 

Risk, discomforts and protection of confidentiality 
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There are no known risks associated with this research. Test subjects are not required to 

provide names or any personal identifiable information. All test data will remain secure. 

All data collected for analysis will be presented in an anonymous manner to maintain 

anomy for the test subjects involved in the testing and will be maintained for statistical 

analysis only. Participants are not required to provide names in this study. 

The results of this study will be published in scientific research journals and or will be 

presented at professional conferences. However, your name and identity will not be 

revealed and your record will remain anonymous. Data will be kept on password protected 

mediums at all times. 

Potential benefits 

While there are no known benefits to you that would result from your participation in this 

research; your participation may benefit others in the future as this research evolves and 

matures by introducing new innovative technologies onto the flight deck that both address 

the safety concerns associated with procedures in a new electrical way to display and 

enhancing situational awareness and decision-making through the inception of this 

decision support tool. This research is important as we transition from a traditional tactical 

to a more strategic operational environment with respect to airspace. This tool, this 

technology will potentially help manage the complexities that flight crews will face in the 

future cockpit. Your participation is a key part of this understanding.  

Voluntary participation  

Your participation in this research study is voluntary. You may choose not to participate 

and you may withdraw your consent to participate at any time. You will not be penalized in 

any way should you decide not to participate or to withdraw from this study. 
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Contact information 

If you have any questions or concerns about this study or if any problems arise, please 

contact Wei Tan, HCDi, (321)305-0380, wtan2011@my.fit.edu. If you have any questions 

or concerns about your rights as a research participant, please contact the Florida Institute 

of Technology Institutional Review Board: http://www.fit.edu/research/committees/irb.  

 

Your signature below indicates that you agree to participate in this research and that: 

1. You have read and understand the information provided above. 

2. You understand that participation is voluntary and that refusal to participate will 

involve no penalty or loss of benefits to which you are otherwise entitled; and, 

3. You understand that you are free to discontinue participation at any time without 

penalty or loss of benefits to which you are otherwise entitled. 

4. You will receive a copy of this document. 

 

 

 

Participant Signature                                                                   Date 

 

I have explained and defined in detail the research procedures in which the subject has 

consented to participate. 

 

 

Principal Investigator Signature                                                  Date 

mailto:wtan2011@my.fit.edu
http://www.fit.edu/research/committees/irb
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Appendix D 

Survey of Testing I 

Session 1 (Scenario with paper documents) 

General knowledge: 

1. Do you always follow Standard Operational Procedures? YES/NO. If not, comment. 

2. Do you always follow abnormal procedures when there is a malfunction? YES/NO. If 

not, comment. 

3. Have you ever forgot or missed any procedures? YES/NO. If yes, comment. 

4. Did you ever encounter situations where manuals or avionics do not have enough 

information to complete the job properly? YES/NO. If yes, comment. 

5. Did you ever encounter situations where manuals or avionics have too much 

information to complete the job properly? YES/NO. If yes, comment. 

6. In case of malfunction or abnormal situation, which would be your main concern(s)? 

Time pressure, or decision-making, or procedures availability, or others. 

7. If electronic manuals exist, in which flight phase would you use them the most 

frequently? On the ground, Take-off, Climb, Cruise, Descent, Approach, Landing, or 

others. 

Cognitive Walkthrough: 

Perform actions as required which are as bellows: 
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Action I: Find the where a fuel leak is not from. 

Action II: Find the landing distance and approach speed for flaps locked.  

And there are five questions coming after each action as bellows: 

1. Is it obvious for you that actions for completing this task are available? YES/NO, if not, 

comment. 

2. Is information for completing this task available? YES/NO, if not, comment. 

3. Did you encounter any issues for performing actions? YES/NO, if not, comment. 

4. Does it take too long to complete this task? YES/NO, if not, comment. 

5. Is it obvious to complete this task? YES/NO, if not, comment. 

After Stop 1 & After Stop 2 

1. Evaluate the following statements: 

-Rate the way failures are triggered on the ECAM. From 1 to 10, Bad to Good. 

-Rate the automatic action feedback on the ECAM. From 1 to 10, Bad to Good. 

2.  NASA-TLX: Evaluate the following statements. 

   -Mental Demand. From 1 to 10, Low to High. 

   -Visual Demand. From 1 to 10, Low to High. 

   -Manual Demand. From 1 to 10, Low to High. 

   -Temporal Demand. From 1 to 10, Low to High. 

   -Effort. From 1 to 10, Low to High. 

   -Performance. From 1 to 10, High to Low. 

   -Frustration. From 1 to 10, Low to High. 

3.  SAGAT (Level 2): evaluate the following statements. 
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   -Did you succeed to retrieve all the necessary references for completing this task? 

YES/NO, if not, comment. 

   -Do you understand EVERY action during the flight? YES/NO, if not, comment. 

   -Could you relate the failure on the ECAM with the QRH? YES/NO, if not, comment. 

Session 2 (Scenario with OCSIS on iPad) 

Cognitive walkthrough 

Perform actions as required which are as bellows: 

Action I: Provide an action name in TAXI Phase. 

Action II: Try to get more information about this action to do. 

Action III: You can not perform this action now. Put it in stand by. 

Action IV: Now the action is done. Validate it. 

Action V: Identify an action where it is not possible to get more information, in INITIAL 

APPROACH. 

Action VI: Now have a look at AFTER START Phase. You do not want to validate every 

action in this phase. Try to validate all of them at the same time. 

Action VII: Find the landing distance and approach speed for flaps locked. 

And there are five questions coming after each action as bellows: 

1. Is it obvious for you that actions for completing this task are available? YES/NO, if not, 

comment. 

2. Is information for completing this task available? YES/NO, if not, comment. 

3. Did you encounter any issues for performing actions? YES/NO, if not, comment. 

4. Does it take too long to complete this task? YES/NO, if not, comment. 

5. Is it obvious to complete this task? YES/NO, if not, comment. 
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Usability 

1. Look and Feel: evaluate the following statements; 

-Do you understand the color code? YES/NO, if not, comment. 

-Did you have any difficulties to click the buttons? YES/NO, if not, comment. 

-Is the system reactive enough? YES/NO, if not, comment. 

-Do you succeed to hold the tablet correctly? YES/NO, if not, comment. 

-Is it comfortable? YES/NO, if not, comment. 

2.  Interaction: evaluate the following statements; 

   -Do you understand the information icons (arrows, blue bullets…)? YES/NO, if not, 

comment. 

   -Are the colors comfortable for you? YES/NO, if not, comment. 

   -Is the size of the items large enough? YES/NO, if not, comment. 

3.  What is the status of an action when the color is amber on the iPad? 

After Stop 1 & After Stop 2 

1. Evaluate the following statements: 

-Rate the way failures are triggered on OCSIS. From 1 to 10, Bad to Good. 

-Rate the automatic action feedback on OCSIS. From 1 to 10, Bad to Good. 

2.  NASA-TLX: Evaluate the following statements. 

   -Mental Demand. From 1 to 10, Low to High. 

   -Visual Demand. From 1 to 10, Low to High. 

   -Manual Demand. From 1 to 10, Low to High. 

   -Temporal Demand. From 1 to 10, Low to High. 

   -Effort. From 1 to 10, Low to High. 
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   -Performance. From 1 to 10, High to Low. 

   -Frustration. From 1 to 10, Low to High. 

3.  SAGAT (Level 2): evaluate the following statements. 

   -Did you succeed to retrieve all the necessary references for completing this task? 

YES/NO, if not, comment. 

   -Do you understand EVERY action during the flight? YES/NO, if not, comment. 

   -Could you relate the failure on the ECAM with the QRH? YES/NO, if not, comment. 

4.  Evaluate the following statements: 

   -For failures, rate the information/alarms synchronization between the cockpit and the 

iPad. From 1 to 10, Bad to Good. 

   -Does the dynamic color system enhance Situation Awareness? From 1 to 10, Bad to 

Good. 

Additional questions 

1. What are the pros/cons of using a handheld iPad instead of a fixed instrument? 

2. What would be the optimal location of the iPad in the cockpit? 

3. Would you prefer the iPad on a support or just like a handheld system you can place 

wherever you want? 
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Appendix E 

Survey of Testing II 

Session 1 (Scenario with paper documents) 

General knowledge: 

1. Do you always follow Standard Operational Procedures? YES/NO. If not, comment. 

2. Do you always follow abnormal procedures when there is a malfunction? YES/NO. If 

not, comment. 

3. Have you ever forgot or missed any procedures? YES/NO. If yes, comment. 

4. Did you ever encounter situations where manuals or avionics do not have enough 

information to complete the job properly? YES/NO. If yes, comment. 

5. Did you ever encounter situations where manuals or avionics have too much 

information to complete the job properly? YES/NO. If yes, comment. 

6. In case of malfunction or abnormal situation, which would be your main concern(s)? 

Time pressure, or decision-making, or procedures availability, or others. 

Cognitive Walkthrough: 

Action I: Try to find information in QRH how to detect a fuel leak; 

Action II: Find the landing distance and the approach speed for flaps locked; 

1. Is it obvious for you that actions for completing this task are available? YES/NO, if not, 

comment. 
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2. Is information for completing this task available? YES/NO, if not, comment. 

3. Did you encounter any issues for performing actions? YES/NO, if not, comment. 

4. Does it take too long to complete this task? YES/NO, if not, comment. 

5. Is it obvious to complete this task? YES/NO, if not, comment. 

After Stop 

1.  NASA-TLX: Evaluate the following statements. 

   -Mental Demand. From 1 to 10, Low to High. 

   -Visual Demand. From 1 to 10, Low to High. 

   -Manual Demand. From 1 to 10, Low to High. 

   -Temporal Demand. From 1 to 10, Low to High. 

   -Effort. From 1 to 10, Low to High. 

   -Performance. From 1 to 10, High to Low. 

   -Frustration. From 1 to 10, Low to High. 

2.  SAGAT (Level 2): evaluate the following statements. 

   -Did you succeed to retrieve all the necessary references for completing this task? 

YES/NO, if not, comment. 

   -Do you understand EVERY action during the flight? YES/NO, if not, comment. 

   -Could you relate the failure on the ECAM with the QRH? YES/NO, if not, comment. 

Session 2 (Scenario with OCSIS on iPad) 

Cognitive walkthrough 

Perform actions as required which are as bellows: 

Action I: Find the landing distance and approach speed for flaps locked. 

Action II: Find the where a fuel leak is not from.  
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And there are five questions coming after each action as bellows: 

1. Is it obvious for you that actions for completing this task are available? YES/NO, if not, 

comment. 

2. Is information for completing this task available? YES/NO, if not, comment. 

3. Did you encounter any issues for performing actions? YES/NO, if not, comment. 

4. Does it take too long to complete this task? YES/NO, if not, comment. 

5. Is it obvious to complete this task? YES/NO, if not, comment. 

Usability 

1. Look and Feel: evaluate the following statements; 

-Do you understand the color code? YES/NO, if not, comment. 

-Did you have any difficulties to click the buttons? YES/NO, if not, comment. 

-Is the system reactive enough? YES/NO, if not, comment. 

2.  Interaction: evaluate the following statements; 

   -Do you understand the information icons (arrows, blue bullets…)? YES/NO, if not, 

comment. 

   -Are the colors comfortable for you? YES/NO, if not, comment. 

   -Is the size of the items large enough? YES/NO, if not, comment. 

After Stop  

1.  NASA-TLX: Evaluate the following statements. 

   -Mental Demand. From 1 to 10, Low to High. 

   -Visual Demand. From 1 to 10, Low to High. 

   -Manual Demand. From 1 to 10, Low to High. 

   -Temporal Demand. From 1 to 10, Low to High. 
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   -Effort. From 1 to 10, Low to High. 

   -Performance. From 1 to 10, High to Low. 

   -Frustration. From 1 to 10, Low to High. 

2.  SAGAT (Level 2): evaluate the following statements. 

   -Did you succeed to retrieve all the necessary references for completing this task? 

YES/NO, if not, comment. 

   -Do you understand EVERY action during the flight? YES/NO, if not, comment. 

   -Could you relate the failure on the ECAM with OCSIS? YES/NO, if not, comment. 

Additional questions 

1. What would be the optimal location of the iPad in the cockpit? 
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Appendix F 

Survey of Testing III 

General knowledge: 

1. Do you always follow Standard Operational Procedures? YES/NO. If not, comment. 

2. Do you always follow abnormal procedures when there is a malfunction? YES/NO. If 

not, comment. 

3. Have you ever forgot or missed any procedures? YES/NO. If yes, comment. 

4. Did you ever encounter situations where manuals or avionics do not have enough 

information to complete the job properly? YES/NO. If yes, comment. 

5. Did you ever encounter situations where manuals or avionics have too much 

information to complete the job properly? YES/NO. If yes, comment. 

6. In case of malfunction or abnormal situation, which would be your main concern(s)? 

Time pressure, or decision-making, or procedures availability, or others. 

Cognitive walkthrough 

Perform actions as required which are as bellows: 

Action I: Find the where a fuel leak is not from. 

Action II: Find the landing distance and approach speed for flaps locked.  

And there are five questions coming after each action as bellows: 
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1. Is it obvious for you that actions for completing this task are available? YES/NO, if not, 

comment. 

2. Is information for completing this task available? YES/NO, if not, comment. 

3. Did you encounter any issues for performing actions? YES/NO, if not, comment. 

4. Does it take too long to complete this task? YES/NO, if not, comment. 

5. Is it obvious to complete this task? YES/NO, if not, comment. 

Usability 

2. Look and Feel: evaluate the following statements; 

-Do you understand the color code? YES/NO, if not, comment. 

-Did you have any difficulties to click the buttons? YES/NO, if not, comment. 

-Is the system reactive enough? YES/NO, if not, comment. 

2.  Interaction: evaluate the following statements; 

   -Do you understand the information icons (arrows, blue bullets…)? YES/NO, if not, 

comment. 

   -Are the colors comfortable for you? YES/NO, if not, comment. 

   -Is the size of the items large enough? YES/NO, if not, comment. 

After Stop 1 and Stop 2 

1.  NASA-TLX: Evaluate the following statements. 

   -Mental Demand. From 1 to 10, Low to High. 

   -Visual Demand. From 1 to 10, Low to High. 

   -Manual Demand. From 1 to 10, Low to High. 

   -Temporal Demand. From 1 to 10, Low to High. 

   -Effort. From 1 to 10, Low to High. 
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   -Performance. From 1 to 10, High to Low. 

   -Frustration. From 1 to 10, Low to High. 

2.  SAGAT (Level 2): evaluate the following statements. 

   -Did you succeed to retrieve all the necessary references for completing this task? 

YES/NO, if not, comment. 

   -Do you understand EVERY action during the flight? YES/NO, if not, comment. 

   -Could you relate the failure on the ECAM with OCSIS? YES/NO, if not, comment. (Not 

applied for Flaps Handle Lock malfunction.) 

3.  Evaluate the following statements: 

   -For failures, rate the information/alarms synchronization between the cockpit and the 

iPad. From 1 to 10, Bad to Good. 

   -Does the dynamic color system enhance Situation Awareness? From 1 to 10, Bad to 

Good. 
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Appendix G 

Heuristics evaluation for OCSIS 

This part presents the results collected by Varun Korgaonkar with respect to Nielsen‘s ten 

usability heuristics for user interface design.  

Product: OCSIS 

Participants: 8 (6 - w/ simulator, 2 - w/o simulator) 

• The number in the bracket before each issue denotes the number of time it was 

suggested by users 

• Issues marked as * were suggested by expert users) 

Visibility of system status 

The system should always keep users informed about what is going on, through 

appropriate feedback within reasonable time. 

Issues: (1) Not always visible as there are no headings visible for every section/page at all 

times; 

            (3) Ongoing procedure should be evident; 

            (2) Scrolling away from content causes confusion with respect to the current 

location; 

            (1) Confusion of current location after looking away briefly; 
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          *(2) There should be an indication that there is more on the page below that can be 

scrolled. 

Match between system and the real world 

The system should speak the users' language, with words, phrases and concepts familiar to 

the user, rather than system-oriented terms. Follow real-world conventions, making 

information appear in a natural and logical order. 

Issues: (4) The icons preceding actions should be changed as the triangular icon gives the 

impression of being clickable; also, the circle icon should be avoided as it gives the 

impression of also having additional information; 

            (2) Solid clickable boxes, inconsistent with the format, which should be avoided; 

          *(1) The procedures should be marked as the PF or PNF for efficiency and 

convenience. 

User control and freedom 

Users often choose system functions by mistake and will need a clearly marked 

―emergency exit‖ to leave the unwanted state without having to go through an extended 

dialogue. Support undo and redo. 

Issues: (1) Exiting ―Fuel leak‖ scenario was confusing for some participants; 

            (3) There should be freedom to move through menus and the progress is saved on 

each page; 

            (5) Quick maneuverability to specific procedures/menus instead of scrolling; 

            (2) (Bookmarks/User defined bookmarks). 
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Consistency and standards 

Users should not have to wonder whether different words, situations, or actions mean the 

same thing. Follow platform conventions. 

Issues:  (2) Check-all bar inconsistent with format and layout; 

             (1) Certain areas have spacing issues, and location of certain title bars; 

             (3) Checklists should have different icons; 

             (1) Warning messages (e.g., ―Fuel Leak‖) should be color coded; 

             (1) Headings on abnormal procedures pages should be larger. 

Error prevention 

Even better than good error messages is a careful design which prevents a problem from 

occurring in the first place. Either eliminate error-prone conditions or check for them and 

present users with a confirmation option before they commit to the action. 

Issues: (1) Check all option should be avoided as this leads to possible oversights; 

            (4) Software did not prevent following incorrect order or skipping steps; 

            (1) Some options (engine relight) should be constrained on certain occasions when 

necessary. 

Recognition rather than recall 

Minimize the user's memory load by making objects, actions, and options visible. The user 

should not have to remember information from one part of the dialogue to another. 

Instructions for use of the system should be visible or easily retrievable whenever 

appropriate. 

Issues: (3) Entire procedure should be on a single page to avoid recall of current location; 

            (3) Next step to be performed should be highlighted; 
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            (1) Indication as to location of current page. 

Flexibility and efficiency of use 

Accelerators -- unseen by the novice user -- may often speed up the interaction for the 

expert user such that the system can cater to both inexperienced and experienced users. 

Allow users to tailor frequent actions. 

Issues: (2) Entire procedure/subroutine should automatically turn green after all options 

completed. 

Aesthetic and minimalist design 

Dialogues should not contain information which is irrelevant or rarely needed. Every extra 

unit of information in a dialogue competes with the relevant units of information and 

diminishes their relative visibility. 

Issues: (1) Additional drop-down information retracts automatically when step is ―Done;‖ 

            (3) Remove redundant ―Wait‖ option for certain actions; 

            (2) Redundant ―Ok‖ pop up should be eliminated; 

            (3) Larger font size/buttons preferred;  

            (1) White font color inappropriate for checklists. 

Help users recognize, diagnose, and recover from errors 

Error messages should be expressed in plain language (no codes), precisely indicate the 

problem, and constructively suggest a solution. 

Issues:  (3) Certain procedures/actions cannot be redone; 

             (2) Completed actions cannot be undone. 
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Help and documentation 

Even though it is better if the system can be used without documentation, it may be 

necessary to provide help and documentation. Any such information should be easy to 

search, focused on the user's task, list concrete steps to be carried out, and not be too large. 

Issues: Not applicable for this system. 

Additional Questions: 

Would you be comfortable with using this software inflight? Why? 

(7) Yes, but after; (4) BUT after adequate practice; {(2) Pilots need to trust the system} 

(1) No, Not used to the technology. 

Would you prefer this over the current system used? Why?  

(6) Yes, as it is easier to handle and navigate; 

(1) Yes, but redundant (backup) system should be present in case of failure; 

(1) No, not used to the technology. 

 

Organizing the issues with respect to severity: 

This helps us prioritize the issues with respect to the ones that the users found critical to 

those that may not be critical, but would improve usability. 

(5) Quick maneuverability to specific procedures/menus instead of scrolling;  

(4) The icons preceding actions should be changed as the triangular icon gives the 

impression of being clickable; also, the circle icon should be avoided as it gives the 

impression of also having additional information; 

(4) Software did not prevent following incorrect order or skipping steps; 

(3) Next step to be performed should be marked/highlighted; 
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(3) There should be freedom to move through menus and progress is saved on each page; 

(3) Ongoing procedure should be evident; 

(3) Checklists should have different icons; 

(3) Entire procedure should be on a single page to avoid recall of current location; 

(3) Remove redundant ―Wait‖ option for certain actions; 

(3) Larger font size/buttons preferred;  

(3) Certain procedures/actions cannot be redone;  

(2) Redundant ―Ok‖ pop up should be eliminated; 

(2) Scrolling away from content causes confusion with respect to the current location; 

*(2) There should be an indication that there is more on the page below that can be scrolled;  

(2) (Bookmarks/User defined bookmarks); 

(2) Solid clickable boxes are inconsistent with the format, and should be avoided; 

(2) Check-all bar inconsistent with format and layout;  

(2) Entire procedure/subroutine should automatically turn green after all options completed; 

(2) Completed actions cannot be undone; 

(1) There may be confusion of current location after looking away briefly; 

(1) Not always visible as there are no headings visible for every section/page at all times; 

*(1) The procedures should be marked as the PF or PNF for efficiency and convenience;  

(1) Exiting ―Fuel leak‖ scenario was confusing for some participants; 

(1) Certain areas have spacing issues, and location of certain title bars; 

(1) Warning messages (e.g., ―Fuel Leak‖) should be color coded; 

(1) Headings on abnormal procedures pages should be larger; 

(1) Check all option should be avoided as this leads to possible oversights; 
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(1) White font color inappropriate for checklists; 

(1) Some options should be constrained on certain occasions when necessary; 

(1) Indication as to location of current page; 

(1) Additional drop-down information retracts automatically when step is ―Done.‖ 
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Appendix H 

FUEL LEAK procedures in QRH 
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Appendix I 

ENGINE RELIGHT procedures in QRH 
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Appendix J 

ENGINE RELIGHT ENVELOPE in QRH 
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Appendix K 

Landing with slats or flaps jammed in QRH 
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Appendix L 

Approach speed and landing distance calculation 

procedures in QRH 
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Last page is the performance part of specific abnormal situations. Here is the calculation 

method to establish approach speed. The correction of approach speed and landing distance 

is below. 

 

 

This is the approach speed increment and the values that landing distance should be 

multiplied by. The landing distance without autobrake is in next page. 
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Appendix M 

Abnormal procedures in OCSIS 

 

Figure 129 — “Fuel Leak” page 1. 
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Figure 130 — “Fuel Leak” page 2. 
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Figure 131 — “Engine Failure” in Fuel Leak. 
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Figure 132 — “Flaps Locked” page 1. 
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Figure 133 — “Flaps Locked” page 2. 
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Appendix N 

Normal procedures in OCSIS 

 

Figure 134 — “After Start” in OCSIS. 


