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Abstract 

The purpose of this thesis is to explore how support systems enable human control within 

normal flight operations. The thesis focuses on the use of memory supports during flight, 

such as a handheld computing device, memory strategies and checklists. The support 

systems are studied from the theoretical perspective of Human Factors. In particular, 

decision making theories have contributed to the thesis. From previous research it is 

found that feedback to the operator in case of a human error is essential to keep him or 

her in a safe sequence of decisions and actions. 

To facilitate the pilots’ tasks in cockpit, computing devices are out on the market. Several 

of the technical aids are computers installed in cockpit whereas others are smaller, 

portable devices with hardware not specifically designed for use in cockpit. Jump-seat 

observations have been performed at an airline company to explore the pilots’ work 

process in cockpit where a handheld computing device, with hardware not specifically 

designed for cockpit, is in use. Subsequent semi-structured interviews were conducted to 

receive the pilots’ experiences of findings from the observations and to receive 

descriptions of decisions and support systems. 

The thesis includes a description of flight operations from a pilot perspective. The main 

focus is on operations in the preflight phase where the new computing device is used. 

Identified characteristics in flight operations are factors such as cooperation, 

communication, interruptions. Furthermore, identified factors in the decision making were 

such as routine, environmental constraints, discrete alternatives and dependency between 

decisions. Feedback points during the sequence of tasks performed with the handheld 

computing device were distinguished. These points are moments when feedback is 

possible. For example, when the pilots cross-check tasks they receive feedback from each 

other. It was found that the pilots did not use every opportunity to receive feedback on 

their performance. The reason of the non-used feedback point was that it was not 

required by the Standard Operating Procedures or by any functions or design of the 

device. Within flight operations in general, it was found that the most important 

techniques to detect a human error such as a memory lapse were by pilots’ earlier 

experiences, the use of checklists and by receiving feedback from the other pilot. 





Till Gustaf 
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1 Background 

An extensive growth in air traffic demand is expected over the next few decades (FAA, 

2006b). This growth requires changes in aviation at many different levels. New solutions 

are needed to reduce safety risks, airplane noise and climate impact, as well as difficulties 

due to an inflexible aviation infrastructure. The required changes challenge the airline 

companies at the same time as they have to survive in a competitive market.  

Airline companies have to rely on several economical strategies to survive. Low-cost 

carriers have succeeded in lowering the cost per passenger and have fared better than the 

traditional network airlines. Since ground services stand for approximately 20 per cent of 

the total cost for traditional airlines, savings could be done in this area (Luftfartsstyrelsen, 

2007).  

In the last decades technology has been adopted to improve safety, but also to enhance 

airline economy (Sheridan, 1992). Earlier research has shown that it is essential to focus on 

human factors to improve safety, because about 70 per cent of the aircraft accidents can be 

traced to human error (Hawkins, 1987; Shappell and Wiegmann, 1996). Because of these 

reasons, the focus of this thesis is on the interaction between the human operator and the 

technology.  

One example of a project with the intention to improve aviation safety is the European 

Commission’s project HILAS (Human Integration into the Life Cycle of Aviation 

Systems), a project within the European 6th Framework program (www.hilas.info, 2007). 

The idea of this licentiate thesis originated through the above stated demands in 

commercial aviation and through participation in the HILAS project between May 2005 

and March 2006.  

1.1 Implementing new technology 

When airline companies implement new technology they usually want new technical 

investments to pay off quickly. Unfortunately this may be done by minimising the costs of 

testing and adoption procedures for the equipment. Before adopting new equipment into 

an existing aircraft, approval has to be obtained from the aviation authority. Despite this 
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certification process, the design of the equipment may not fulfil every requirement in the 

context where it is going to be used (Goteman, 2006).  

An example of a new technical solution used within flight operations is the Electronic 

Flight Bag (EFB). An EFB is a device intended to support pilots in flight management 

tasks, such as navigation, flight planning, and aircraft control functions. There is a range 

of EFBs on the market with various hardware and applications, and there is an 

alternative that suits every airline company’s economy (Chandra, 2003).  

The initial purpose for implementing EFBs was to replace the pilot’s carry-on flight bag 

and get a paper-less cockpit. The original carry-on bag included different documents, 

such as manuals and charts. Several of the EFBs are portable and can be used both inside 

and outside flight deck, whereas others are installed in cockpit (FAA, 2003a). Some 

devices that are adopted by airlines are not specifically designed for use on flight deck 

(Chandra, 2003; FAA, 2003a). Some EFB software applications support basic calculations, 

such as the weight and balance calculations for take-off. Other applications are more 

involved with the flight process (FAA, 2003a), for example one application that supports 

the pilots in routing and runway incursion detecting (Theunissen et al., 2005). 

Since the real life context may differ from the context that the equipment is designed for, 

an adaptation of procedures and practices may be inevitable to fit, for example, local 

environmental constraints (Goteman, 2006). To investigate such adaptation, one could 

study the use of new implemented technology within real flight operations. In particular, 

it may be interesting to study the use of equipment that is not specifically designed for 

cockpit.

1.2 Presentation of the research field 

This thesis is written in a cross-disciplinary context with links to cognitive psychology as 

well as engineering. The purpose is to contribute to the research area of Human Factors as 

well as adjacent research fields. Chapanis (1985) defined the scientific discipline as 

follows: 

“Human Factors discovers and applies information about human abilities, limitations, and 

other characteristics to the design of tools, machines, systems, tasks, jobs, and environments for 

safe, comfortable and effective human use.” (Chapanis, 1985, p. 2) 
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The research area of Human Factors aims to enhance performance, improve safety, and 

increase user satisfaction of a system (Wickens et al., 2004). A system, in this thesis, shall 

refer to several components which interact. The term shall in particular be used for the 

interaction between a human and his or her surrounding environment. To avoid 

confusion between this use of the term and the use where “system” refers to technical 

equipment, the latter will be termed a “technical system” or “support system”.  

The term Ergonomics is sometimes used instead of Human Factors. The meaning of 

Ergonomics may occasionally cause confusion. The original American definition of 

Ergonomics refers to all aspects of human beings, which is similar to Human Factors, 

whereas the term in European everyday speech from the beginning was limited to 

physical ergonomics. Physical ergonomics considers human aspects of physical work, such 

as stress, fatigue, sitting posture and lifting (Wickens et al., 2004).  

The field of Human Factors is closely related to other research areas, such as Engineering 

Psychology and Cognitive Systems Engineering. Engineering Psychology has strong 

connections to psychology with the focus on understanding the ability of the human mind 

to design suitable systems (Christensen, 1971; Fitts and Posner, 1967; Wickens et al., 2004). 

Cognitive Systems Engineering is a broader discipline than Engineering Psychology, and 

may be considered a cross-disciplinary subject with concepts from several areas, such as 

Engineering, Psychology, Sociology and Computer Sciences. One of goals of the discipline 

is to design usable and efficient technical systems (Rasmussen et al., 1994).  

According to Wickens et al. (2004) the most effective methods to reach the goals of 

Human Factors are to combine laboratory observations and experiments with studies of 

users in real settings. In laboratory studies it is possible to achieve a good control of 

variables, something which is more difficult in field studies. But research in laboratory 

settings is only done on a simplified model of a complex real-world environment, whereas 

field studies are done in direct contact with the environment, so the latter method may 

discover important information that the first method miss.  

1.3 Research in safety-critical systems 

There are safety-critical systems, such as nuclear power plants, aircraft, air traffic systems, 

ships, and space- and military missions, in which a problem may have catastrophic 
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consequences for operators, passengers, innocent bystanders, and future generations 

(Perrow, 1984). The characteristics of such systems have been defined and described by 

several researchers (e.g. Brehmer and Allard, 1991; Norros, 2004; Orasanu and Connolly, 

1993; Perrow, 1984). A key word for safety-critical systems is complexity. Perrow (1984) 

described complexity as the degree of interacting tendency of the components of a system. 

The complexity may get apparent in the case of interacting failures. Brehmer and Allard 

(1991) defined complexity as a relative concept which must be defined in relation to 

someone for which the environment is complex. For example, it is in relation to the 

limitations of an operator that a task may be seen as complex. However, complexity can 

also be caused by the surrounding environment in case of missing information or 

information of low quality.  

Many aspects of modern work can be seen as complex, and coping with complexity is a 

central challenge for the operators of a system (Norros, 2004). Complexity in aircraft is 

related to a high level of automation1. Moreover, complexity increases when the level of 

automation increases, even though new equipment is meant to support the pilots (Billings, 

1991).  

Another key word for safety-critical systems is the word dynamic. A dynamic system 

changes, either independently or as a consequence of the operator’s actions. In a dynamic 

system it is common to find series of actions that are performed to maintain control of a 

dynamic environment (Brehmer and Allard, 1991; Orasanu and Connolly, 1993). The 

research area of dynamic decision making describes how the operator controls the 

dynamic environment (Brehmer and Allard, 1991; Edwards, 1962; Lind et al, 1984). In a 

dynamic situation, the point of time when a decision is made is important (Brehmer and 

Allard, 1991).  

Time pressure is another characteristic of a high-risk system. If events and processes are 

closely related and happen very quickly, the recovery of a small failure may be difficult 

(Perrow, 1984). When events happen quickly, the operators have to make rapid decisions 

and actions to cope with them (Klein, 1993; Orasanu and Connolly, 1993; Orasanu and 

Fischer, 1997). For the operators time pressure may also be a source of stress. 

1 Automation is defined as the automatically controlled operation of a machine that may replace human organs for 
observation, decision, and effort (Sheridan, 1992). 
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Ill-structured problems and goals, shifting and competing goals, feedback loops, multiple players 

and organisational goals and norms are other characteristics that describe high-risk 

environments (Orasanu and Connolly, 1993).  

The focus in this thesis is on human control in aviation, a safety-critical environment 

according to the above mentioned requirements. Human control may be viewed from the 

perspective of decision making. There is a psychological research approach called 

“Naturalistic Decision Making (NDM)” which concerns experts’ rapid decision making in 

uncertain, dynamic work environments with complex tasks (Orasanu and Connolly, 

1993). NDM is a suitable conceptual starting point for this thesis. The focus on expertise is 

also important, since how an expert makes decisions and behaves differs from a novice, 

and generally it is experts who control aviation. 

The individual pilot is the focus in this thesis, but it is acknowledged that the teamwork

between the pilots as well as between other personnel is most important to maintain a safe 

flight. For example, during flight the pilots cooperate with the Air Traffic Controllers 

(ATC) who direct aircraft on the ground and in the air, and are responsible to keep 

aircraft separate.  

During flight, the pilots not only have to work with different levels of automation, but 

they also have to handle weather changes, communication, interruptions and security 

tasks (Enflo and Barchéus, 2006: Paper I). To handle all these tasks the pilots cooperate, 

but they also rely on checklists, mnemonics verses and other aids, which in this thesis are 

called support systems. These support systems facilitate the control of the flight and are at 

the same time a part of the whole work and the work environment.  
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2 Purpose of the Thesis 

The overall purpose of this thesis is to contribute to the knowledge about how support 

systems enable human control within normal flight operations. The meaning of the 

purpose is more specifically expressed in the two research goals described below.  

2.1 Research goals 

The focus in this thesis is to study different support systems used to facilitate decision 

making during flight, especially technical systems of memory support and feedback. More 

specifically the research goals are to:

1. Identify and describe characteristics of normal flight operations where a handheld 

computing device is used.  

2. Analyse usage and functions in support systems, in order to uncover how they 

facilitate decision making during normal flight.  

The thesis includes three papers and the results from each paper are summarised in 

Chapter 6. The first paper considers the pilots’ work process during the preflight phase, in 

which a Nokia Communicator 9210i is used, that works as a simple form of an EFB. The 

Nokia Communicator shall in this thesis be referred to as the “handheld computing 

device”, or simply the “device”.  

The second paper is about decisions in the preflight phase as well as the use of the specific 

computing device. The first and the second paper are connected to the first goal of the 

thesis. The third paper analyses different support systems during flight from a human 

error perspective. Results connected to the second goal are found in Paper II and III. The 

derived results are further discussed in Chapter 7. 

2.2 Limitations of the study 

This thesis considers the pilots’ normal work in cockpit. To be able to analyse the pilots’ 

everyday work, the focus is on normal operations and decisions made at every flight. 

Hence, there is no attempt to find critical incidents or critical situations.  

Since the handheld computing device is used before starting the engines, the preflight 

phase of the flight is the main focus of this thesis. However, the other investigated support 
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systems, checklists and memory strategies, are used in several phases of the flight. The 

word “flight” is here meant to include, not only the movement of the aircraft, but all tasks 

done to secure a safe flight, such as weather forecasting. “Human control within normal 

flight operations” as mentioned in the overall purpose is therefore meant in a broader 

sense than only in the sense of controlling aircraft technology.  

The results are derived only from field studies and could be further explored with the 

help of experimental studies. Also, although this thesis concerns only aviation some of the 

theories used in this thesis are based on research in different environments. 
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3 The Airline Company 

To study new technology and human control, two field studies were conducted at a 

Swedish airline (see methods in Chapter 5). The airline operates mainly on the domestic 

market, but has some international flights and charter flights as well. The company 

operates only at small airports. At small airports the passenger and ground services are 

performed faster than at larger airports, which enable cost savings. Furthermore, the 

rapid services provide shorter turnarounds, which imply a more efficient use of aircraft 

(Luftfartsstyrelsen, 2007).  

About 100 pilots work at the airline which operates nine aircraft of type AVRO RJ 100. 

The aircraft have an average age of ten years. The aircraft belong to the BAe 146 family 

made by BAE Systems.

About four years ago, the airline made a reorganisation and a dispatch function called the 

“ramp agent” was eliminated. The ramp agent belonged to ground services and had 

several tasks on domestic flights. One task was to coordinate information flows between 

the pilots in the aircraft and other personnel during turnarounds. Another task was to 

calculate the weight and balance of the aircraft and give the calculations to the pilots. 

After the reorganisation the ramp agent’s coordination tasks have been divided between 

the gate personnel and the pilots. The weight and balance calculations are now done by 

the pilots with the help of new technology that has been introduced into cockpit. The new 

equipment is a handheld computing device, which functions as an EFB of class 1 and type 

B (cf. FAA, 2003a). A further description of the device is provided below.  

3.1 The flight environment 

The technology in an aircraft can be considered as complex. There are several technical 

systems the pilots have to handle during a flight. The movements of an aircraft are 

controlled by flight controls such as ailerons, stabiliser, power plant, flaps, and trim 

systems. There are aircraft systems, such as induction systems, ignition systems and fuel 

systems. Flight instruments are needed for handling flight controls and aircraft systems 

appropriately. Through the instruments the pilots receive information about the status of 

the aircraft (FAA, 2003b). There are also instruments that support tasks such as flight 
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planning and navigation. In addition to the described technologies, there are support 

systems which are procedures, manuals and other documents that to support the pilots in 

all the required tasks. In this thesis, several types of support systems shall be investigated.  

To perform a safe flight, it is essential for the pilots to be updated regarding weather 

conditions, airport conditions, and air space conditions. This is partly made through 

collaboration with other personnel, such as the air traffic controllers. To handle the flow 

of passengers the pilots cooperate with the cabin crew and the gate personnel. If a 

technical problem occurs the technicians and ground personnel support the pilots in 

technical knowledge. Furthermore, before every flight the aircraft performance, and the 

weight and balance of the aircraft need to be calculated. Information for the calculations 

is received from, among others, the ground personnel, cabin crew and the gate personnel. 

The pilots then use the calculations to adjust the flight instruments, aircraft systems and 

flight controls. 

3.2 Investigated support systems 

The support systems studied in this thesis are used during normal operations and have 

several characteristics in common. Most importantly, they all produce information on 

how to control the flight and support the memory in different aspects. They are also 

“portable” supports in cockpit. The handheld computing device supports calculations, 

gathering of information, and stores as well as presents information. Checklists and 

different memory strategies are also investigated since they were mentioned by the 

subjects during the field studies and because of their role in providing immediate 

feedback during flight (Enflo, 2008: Paper III).  

3.2.1 Standard Operating Procedures and checklists 

For every aircraft model, there is a flight manual partly developed by the airplane 

manufacturer. The manual has to be approved by aviation authorities (FAA, 2003b). At 

the investigated airline the manual is called the “Pilot’s Operating Handbook” (POH) and 

is written especially for the aircraft AVRO RJ 100. The handbook contains several 

sections, such as emergency procedures, normal procedures, performance, and system 

descriptions. The second section that includes normal procedures is not developed by the 

manufacturer. This section, which is called “Standard Operating Procedures” (SOP), is 
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created by the airline and approved by the Swedish Civil Aviation Authority. The SOP 

describes operations such as the allocation of duties at flight deck, responsibilities, the use 

of checklists, and work procedures and checklists for all phases of the flight.  

The SOP shall be followed at all times. The flight crew is only allowed to deviate from 

the procedures in case of unforeseen circumstances. This is because normal procedures 

could be inappropriate in unexpected situations. The normal checklist is used to verify 

that all steps of the preceding procedure have been accomplished. The normal actions of a 

procedure are memorized by heart, and after their performance some of them are 

checked-off on a list. The checklist is used with a technique called “challenge and 

response”. This means that the checklist is read aloud by one pilot wile the other pilot 

checks off items and responds to the first. The checklists include all of the most critical 

tasks in each phase of the flight (see description and example in Paper III). A critical task 

means a task that is needed to keep the aircraft flying.

3.2.2 Memory strategies 

To support memory recall of normal tasks and procedures, there are several memory 

strategies that can be used, such as flow patterns, trigger points, and mnemonic verses. 

Flow patterns are standardised sequences of tasks that follow the structure of the cockpit 

panels. Trigger points are specific events during flight which help the pilots to remember 

when a flow of tasks should start. The trigger points are so called because they trigger the 

specific memory items. There are trigger points eight times during a normal flight. One 

example of a trigger point is when the aircraft leaves the stand. Other tasks during the 

flight are supported by other types of memory strategies. In some phases of the flight it is 

important for the pilots to memorize their tasks with mnemonic verses since it enables 

them to look ahead, rather than to look down at the panels (Enflo, 2008: Paper III).  

3.2.3 The handheld computing device 

The functions of a recently introduced handheld device, the Nokia Communicator 9210i, 

equal those of an EFB of class 1 and type B. The pocket-sized device has the format of a 

mobile telephone and is equipped with computing functions, see Figure 3.1. Using this 

device the pilots can perform aircraft performance calculations as well as aircraft weight 

and balance calculations. 
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For the sake of comparisons between the handheld computing device and an EFB, a 

description of various models of the latter is presented. The hardware types of EFBs are 

classified in three different classes, class 1, 2 and 3, where class 1 and 2 stand for portable 

equipment. Depending on the class different kinds of approval are required before 

implementation (FAA, 2003a). The hardware EFBs are usually personal computers that 

run both flight-related software and standard desktop software, such as Internet browsers 

and word processors (Chandra, 2003). The software applications may be classified into 

three types, A, B, and C, with different approval requirements. Type A applications 

provide presentations of data that currently often are presented in paper format. Type B 

applications are dynamic, interactive applications that can manipulate data and 

presentation. Type C applications are primary flight displays and require compliance 

with software development requirements (FAA, 2003a). Some of the hardware are 

specifically designed for use in flight deck, and are categorised as class 2 and 3, whereas 

equipment of class 1 is not designed for cockpit (Chandra, 2003; FAA, 2003a). 

The computing device used at the airline is portable equipment. It is not charged on 

board of the aircraft. It is also not used in any critical phase of the flight. When the field 

studies were done the computing device was used only in the preflight phase, before 

starting the engines. However, there were future plans for developing the device to 

handle landing configurations before descending below 10 000 ft. This use would not be 

at a critical phase of the flight, either.  

The handheld computing device has a small visual display for output and a small 

keyboard for user input. The registered information and calculated data are stored in a 

central server at every flight. Via Internet, the pilots can get weather information and they 

can also receive messages and make calls. The software functions were developed by an 

external technical company in cooperation with one of the pilots at the airline. During the 

implementation period of four months for the device, the pilots could also use the original 

load sheet in parallel.  
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Figure 3.1. The handheld computing device. 
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4 Theoretical Framework 

In the first section of this chapter, different theoretical aspects of experience and human 

error are described. In the second section, different models are presented which deals with 

how an experienced pilot makes decisions and acts to maintain control in complex and 

dynamic situations. To keep control, feedback from the environment is found to have an 

essential role. The third section therefore includes theories about feedback.  

4.1 Human behaviour during safety-critical operations 

Technology has been used to minimize risk but it has also created new safety-critical 

environments. Aviation is one of those safety-critical environments. In a high risk system, 

such as an aircraft, the technology must be very flexible to control every possible situation. 

However, there are limits to the flexibility of technology and to overcome these limits 

human control is essential. But there are limits to human control as well (Fitts and Posner, 

1967). How a human operator handles a particular situation in a safety-critical 

environment depends on his or her experience of the environment and on how familiar 

the appearing situation is (e.g. Klein, 1993; Rasmussen, 1983).  

4.1.1 Learning to act in a cockpit environment 

The co-pilot’s experiences of the aircraft accident at Gottröra, Sweden, 27th December 

1991 (type MD 81) are stated below. Only 77 seconds after take-off both engines lost their 

power. The reason for the accident was later found by the Board of Accident 

Investigation in Sweden. It was discovered that clear ice falling from the wings had 

damaged the engines. During the 4 minute flight, the pilots were overloaded with 

information about malfunctions in the aircraft. Neither the airline company nor the pilots 

had had earlier experience with the particular failure in the technology which caused the 

accident (Mårtensson, 1995).     

“All the lamps are blinking and there are a lot of warning sounds in the cockpit. It is really a 

terrible environment. It is not possible to manage all this information. With so many 

malfunctions you stop analysing them and concentrate on flying. That’s the only thing to do.”

(Pilot's description in Mårtensson, 1995) 
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In unforeseen, critical situations it is often difficult for the operators to act appropriately. 

The difficulties may arise because there are no procedures to follow or because the 

emergency procedure, which replaces the normal procedure, cannot be performed with 

the same routine as the normal procedure.  

Rasmussen (1983; 1986) divides human behaviour into three levels depending on how 

familiar a situation is and how experienced the human operator is. The levels are skill-

based, rule-based and knowledge-based behaviour, see Figure 4.1. Skill-based behaviour 

is described as activities that take place without conscious control. With experience and in 

familiar situations such behaviour is automatic. When the operator is unable to describe 

how he or she automatically controls the environment this could be a sign of skill-based 

behaviour. According to Sheridan (1992), technical system monitoring is largely a 

perceptual-motor skill and can be seen as skill-based behaviour for an experienced 

operator. The performance at this level is based on feed forward control and depends on a 

flexible and efficient dynamic internal world model (Rasmussen, 1986). Feed forward 

control means that the decision maker simulates actions beforehand with a mental model 

of the system.  

Rasmussen’s skill-based and rule-based behaviour are not always distinct. When the 

operator is acting at a rule-based level, the rules can usually be described by the operator. 

At this level, a familiar situation is consciously controlled by rules or a standard 

procedure. The rules may be obtained from an instruction manual or from earlier 

experience and then applied to a situation. Also on a rule-based level it is possible to have 

feed forward control.

Knowledge-based behaviour is found in situations that are unfamiliar to the operator. In 

every new situation, the operator may generate a set of rules to control activities and to 

reach various goals. The rules are then tested in terms of their potential to help reach the 

goals. By trial and error an understanding of the environment develops (Rasmussen, 1983, 

1986). The learning process is an active process, where the operator tests hypothesis about 

the environment (Brehmer, 1980). Mårtensson (1995) found that the pilots in the Gottröra 

accident used their basic knowledge in flying to be able to land the aircraft in the critical 

situation where the instruments did not give reliable information.  
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Figure 4.1. Diagram of the three levels of human behaviour, skill-based, rule-based and 

knowledge-based behaviour (Rasmussen, 1986). 

For pilots it is important that they get familiar with their environment in normal 

situations without time pressure, since time-pressure may result in bad strategies. If bad 

strategies are developed, there is a risk that the pilots use them also in situations without 

time pressure (Svenson and Edland, 1998). In normal situations, under routine conditions, 

pilots develop internal structures to handle their complex environment (Sarter et al., 

1997). The pilots learn to act in coordination with their environment, for example they 

learn to use the cockpit as a memory support so that they can reduce the workload on 

their short-term memory (Hutchins, 1995).  

With experience, the pilots learn which information and technology they can trust. 

Increasingly, the pilots will trust reliable automation and become distrustful of unreliable 

automation. There is both a risk of over-reliance and under-reliance on technology 

(Billings, 1991). Complacency, which has been seen particularly during long distance 

flights over water, may contribute to over-reliance on highly automated systems during 

routine tasks (Billings, 1991; Riley, 1996). There may also be critical situations, like the 

one described above, where the pilots are surprised by the failure in the automation. A 
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contributing factor to the surprise of the pilots is that the pilots gain experience under 

routine situations (Wiener, 1989).

The degree of human control of a task depends on the level of automation. If the pilot has 

complete control he or she may get overloaded and experience fatigue. If the pilots’ role 

instead is to monitor a highly automated technical system, there is a danger of the pilot 

becoming bored, complacent and inattentive. The dilemma of the pilots’ role at different 

automation levels is shown in Figure 4.2 (Wiener and Curry, 1980).  

Figure 4.2. Pilot control vs. pilot monitoring of automation (Wiener and Curry, 1980). 

4.1.2 Human error –causes and consequences  

A human error can be described as an event in which an action fails to achieve its 

intended outcome. The action may not have been conducted as planned, its consequences 

may not be the intended or perhaps the plan itself was inadequate. Slips and lapses can be 

described as failures in the execution of an action, whereas a mistake is defined as a failure 

in judgment of how to act to achieve a plan (Reason, 1990). Reason (1990) related different 

types of error to Rasmussen’s (1983) levels of human behaviour. He discovered that errors 

that occurred at the skill-based level may be considered as monitoring failures and occur 

because of inattention or hyper attention. Examples of such errors are slips, omissions and 

repetitions. Errors conducted at the rule-based level can be considered as the 
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misapplication of good rules or the application of bad rules. Knowledge-based failures 

may be mistakes in the selection of information or in coping with complexity. The errors 

may be due to limitations of work memory, confirmation bias or overconfidence.   

Looking at reports from the Federal Aviation Administration, Sheridan (1992) found that 

typical human behavioural errors in aviation are errors due to distraction, complacency, 

forgetfulness, use of non-standard procedures and failure to monitor automation. Other 

errors in aviation could be related to the work environment, for example lack of traffic 

information, incomplete information, environmental distraction, high workload, and 

equipment failures. There are thus behavioural causes for errors, such as limitations in 

human capacity, but most importantly, there are environmental causes for errors, such as 

distractions, repetitious tasks, and a high workload. Several causes of “pilot error” may 

thus be traced to the human-technology interaction. It may be unclear what is a 

behavioural error and what is an error committed because of insufficient interaction 

between the environment and the operator (Sheridan, 1992).  

Reason (1990) discovered that interruption in a sequence of tasks may cause memory 

lapses. Other previous research has also shown that interruptions increase the probability 

for errors even though the pilot is experienced (Loukopoulos, 2001). However, if an 

unsafe act is defined as an error made in the presence of a potential hazard, very few 

unsafe acts result in actual damage or injury, even in relatively unprotected systems. In 

highly protected systems, the various types of defence can only fail through the 

combination of several different causal events (Reason, 1990).  

4.2 The pilot’s role in cockpit 

There are several models that can be used when describing one pilot’s role in cockpit. For 

example, one could use Sheridan’s (1992) work which describes the human role when 

working in an environment with a high level of automation, something that is 

characteristic of the work in cockpit. Other models describe the decision making of an 

operator in a safety-critical environment (e.g. Klein, 1993; Orasanu and Fischer, 1997). 

There are also models that consider the interaction between a human and his or her 

environment and describe it as a combined system (Lind et al., 1984). Some models also 

regard how the environment influences human behaviour (Hollnagel, 1998; Neisser, 

1976).  



Theoretical Framework

18

The human role in a system of high automation can be regarded as a supervisory role. 

The role may include: 1) planning what task to perform and how to perform it, 2) 

programming the computer to do what was planned, 3) monitoring the automation to 

make sure everything is going as planned and to detect failures, 4) intervening, and 5) 

learning from experience (Sheridan, 1992). Within the supervisory control, the human 

operators’ cognitive demands may include the interpretation of information, the choice 

between alternatives and the implementation of the correct actions. These tasks are found 

in all human decision making processes.  

4.2.1 Decision making 

An essential model in the area of naturalistic decision making is the recognition-primed 

decision (RPD) model (Klein, 1993). This model was developed on the basis of natural 

studies of fire ground commanders’ decision making. In the decision making model, see 

Figure 4.3, it is described how experts use their experience in decision making. The model 

can be used to understand how decisions are made in routine situations. Decision making 

can be described as being made at three different levels: simple match, diagnose the 

situation and evaluate a course of action. Klein (1993) proposes that the experienced 

decision maker’s challenge is to assess the situation. On the first level of decision making, 

the experienced decision maker immediately diagnoses and recognises a situation. This 

means that the goals are obvious, situational cues are being attended to, future states are 

imagined, and a typical course of action is recognised. On the second level, the expert 

diagnosis events and link them to earlier experienced situations, in order to find an 

explanation and understand the situation.  

On the third level, evaluating a course of action, it is not immediately clear to the decision 

maker which action that should be performed. Therefore, the alternative actions are 

assessed one at the time by conducting a mental simulation. This is done to see if any 

course of action runs into difficulties and whether these can be remedied, or whether 

some other course of action is needed (Klein, 1997; 1993).  
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Figure 4.3. The Recognition-Primed Decision model (Klein, 1997). 

The experts’ control mode is described by the RPD model as a feed forward control of a 

situation, where the assessment of the situation is essential (Klein, 1993 in Barchéus, 2007). 

The RPD model does not regard memory or meta-cognitive processes; neither does it 

regard constraints in the surrounding environment.  

Thunholm (2007) found that experienced army officers’ decision making in a military 

mission planning process during time pressure, could in some extent be described by the 

RPD model. 

Orasanu and Fischer (1997) have developed the RPD model to include abnormal 

situations in aviation. In this model requirements and constraints in the environment, 

such as risk and time pressure, is included. Situation assessment is also pointed out as 

essential, see Figure 4.4. In this part of the decision making, the pilot tries to understand 

the problem, but also estimates the available time and risks. When sufficient time is 

available, the decision maker may evaluate different alternatives and is not forced to 

choose the first alternative that fulfils the requirements. A difference between Klein’s 
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model and Orasanu and Fischer’s model is the existence of a feedback loop in Orasanu 

and Fischer’s model. According to their model, when the pilots think that they have not 

understood the problem sufficiently and there is enough time and a variable risk, the 

pilots may gather more information, which is described as going back to the beginning of 

the model, and reassessing the situation.  

Figure 4.4. A decision process model, where the upper rectangle shows the Situation Assessment 

function. The rounded squares in the centre represent conditions and affordances. The lower 

rectangles show the Course of Action component (Orasanu and Fischer, 1997).  

4.2.2 Human control 

Neisser (1976) created a model that shows the continuously interactive process between a 

human and the surrounding environment. The model is called “the perceptual cycle” and 

shows how the human actively explores the information in the surrounding environment, 

see Figure 4.5. By anticipation a human directs his or her attention to certain information 

that is further explored. The outcome of the exploration depends on what the human has 

chosen to focus on, as well as on the available information in the environment. The 

outcome of the exploration then modifies the original mental picture of the environment.  
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Figure 4.5. The perceptual cycle (Neisser, 1976). 

Hollnagel (1998) developed Neisser’s model of the perceptual cycle to show how a person 

can maintain control of a situation, see Figure 4.6. Hollnagel emphasised the need for 

research of cognition in its context, and not only in its technological context. When 

studying a technical environment it is important to also study the organisation and the 

people in it. Hollnagel’s model shows how the operators’ actions produce an outcome 

which constitutes the feedback information. The operator assesses the information, 

develops a current understanding, and thus the cycle of perception continues.  

Figure 4.6. Maintaining control: the perceptual circle (Hollnagel, 1998). 
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In natural settings, making a decision is usually not an end in itself. Instead, several 

decisions are often needed to achieve a specific goal (Orasanu and Connolly, 1993). The 

operator controls the surrounding environment by making several decisions that may be 

dependent on each other. Earlier decisions produce information which is relevant to later 

decisions. The theory of dynamic decision making describes decisions made in a 

changing, dynamic world (Brehmer and Allard, 1991; Edwards, 1962; Lind et al., 1984). 

During a sequence of decisions, the surrounding world can change, either as a 

consequence of the decisions, or independently of the decisions, or both. Therefore, the 

point of time when a decision is made is of significance (Brehmer and Allard, 1991). 

However, the decision maker is not always able to make a decision at a time when he or 

she is ready to do so. Instead, he or she has to make decisions when the environment 

demands it, and this implies an element of stress into decision making (Brehmer, 1992).  

Dynamic decision making has connections to control theory and a mathematical way to 

describe it can be to use vectors (cf. Lind et al., 1984). In Lind and his colleagues’ model 

several vectors are defined which here are renamed to facilitate for further discussion, see 

Figure A1 in Appendix A. Vector ad defines a planned action and id is the decision 

maker’s information about the state of the world. The vectors are finite and are variables 

of the number of decision n, and the time t. Hence, the information that the decision 

maker has at some time t, id(n), depends on previous decided actions and earlier 

information. As described by Brehmer and Allard (1991), the point of time is of 

significance since the surrounding world is autonomously changing. The further theory 

will however only discuss the order of decisions and dependency between them.   

To control a dynamic decision situation, the decision maker has to learn the relation F1

between the action planned and the feedback information, thus id = F1(ad) (Brehmer and 

Allard, 1991). This relation means that the information gained from the environment is in 

some way dependent on the actions that are done. This was also shown in the perceptual 

circle by (Hollnagel, 1998). As stated earlier, the decisions are dependent on each other, 

which means that the relation between decisions could be described by a dependency 
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ad(1)

n = 1,2,3

ad(2)

ad(3)

ad(2)=G1(ad(1), id(1))

ad(3)=G2(ad(2), id(2))

function2 Gn . Thus, ad(n+1)= Gn(ad(n), id(n)). In the Figure 4.7, a sequence of three 

dependent decisions is illustrated.  

The theory concerns how decisions affect the surrounding environment, and how changes 

in the environment and dependency between decisions affect the operators’ 

understanding of the world. The operator’s anticipation and what the operator focus on 

in the environment are not included as essential factors for the outcome (cf. Hollnagel, 

1998; Neisser, 1976). 

Figure 4.7. Dependent decisions, where Gn is the dependency function, ad is the action planned, 

id is the decision maker’s information about the state of the world, and n is the number of 

decisions in the sequence. 

Since the theory is studied in laboratory settings, the environment may be a simplified 

version of a real setting. This could imply that dynamic decision theory best applies to an 

environment with controlled variables.   

4.3 Maintaining system safety 

To maintain and secure the safety in a high-risk system, control has to be achieved on an 

organisation level, a team level as well as on an individual level. The organisation of a 

system must be designed to minimize failure. The teams and individuals involved in the 

2 This mathematical notation is developed with support from Professor Per Enflo, Department of Mathematical 
Sciences at Kent State University, Ohio, USA and Associate Professor Kirsti Mattila, Department of Mathematics, 
Royal Institute of Technology, Stockholm, Sweden.   
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organisation must act appropriately after receiving information about the state of the 

system (Leveson, 2004; Leveson et al., 2006). By introducing a technical system with 

several feedback loops, safety can be accomplished (Reason, 1990).  

At a minimum, an airline company should have a feedback loop for the report of 

accidents and incidents. This is important to be able to learn from earlier mistakes. 

However, in such a loop feedback is late and retrospective and possible accidents and 

incidents have already occurred (Reason, 1990). In addition an airline company should 

have a type of system where operations are observed to be able to detect errors before a 

possible incident occur. An example of such a program is LOSA, Line Operations Safety 

Audit (FAA, 2006a) where a group of Human Factors experts observe operations and 

tries to trace problems due to human factors during flight. However, a problem with 

LOSA is the feedback delay. It can take between 6 and 12 months before the pilots have 

received feedback in form of a final report.  

Even though a safety-critical system should have a combination of several types of 

feedback loops, the most effective method to prevent accidents is to create a loop that 

influences the system early in an accident sequence (Reason, 1990). 

4.3.1 The importance of feedback 

To achieve adequate control at an individual level, feedback during operations is critical 

(Leveson et al., 2006). However, in the previous sections, it has been shown that experts in 

naturalistic environments act with feed forward control (e. g. Klein, 1993; Rasmussen, 

1986). When using feed forward control the operator only occasionally controls the 

environment with the help of feedback (Hollnagel, 1998; Rasmussen, 1986). Furthermore, 

in complex environments with rapid action sequences, the automation is usually too slow 

to provide immediate feedback to operators (Rasmussen, 1986). Even so, also experts need 

feedback to know if their actions and intentions are accomplished (Reason, 1990). 

Without appropriate feedback, the pilots are “out of the loop”. Being “out of the loop”, 

means not knowing whether requests have been received, if actions have been made 

correctly, or if there are problems in the technical system (Norman, 1990). When 

controlling automation it is crucial not to be out of loop. If the appropriate feedback is 

lacking in a human-machine system, the system will tend to wander off course the 

moment when an error is made.  
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4.3.2 Incorrect understanding or technology failure? 

During the interaction between a human and the environment there are several steps in 

which a mistake or failure may lead to subsequent incorrect decisions and actions. In the 

“evil cycle of incorrect understanding” it is shown how misunderstanding may lead to 

inappropriate actions (Hollnagel, 1998), see Figure 4.8. If the operator wrongly interprets 

feedback information, he or she may perform unsuitable actions that in turn produce 

unexpected information and a bad loop is created.  

Figure 4.8. The evil cycle of incorrect understanding (Hollnagel, 1998). 

Analysing the cycle one may note that there are other steps in the interaction where 

mistakes of failures may lead to a bad loop. If the operator understands the information, 

but conducts an error during action, there is also a risk of getting out of the correct loop. 

The incorrect action could produce unexpected information that challenge the operator, 

see Figure 4.9. Moreover, if the technical system fails during the interaction and there is 

unexpected information because of this failure, this could also challenge the operator and 

there is a risk that a bad loop is created, see Figure 4.9.   

The phenomena of getting out of the loop can also be explained with dynamic decision 

theory, see Figure A1 in Appendix A (cf. Lind et al., 1984). If there is a failure, like the 

ones described in Figure 4.8 or 4.9, which affects the perceived relation F1, that holds 
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between the planned action and the actual outcome of the action, the decision maker is 

out of the loop if he or she trust and act after F1.

Figure 4.9. The cycles are based on Hollnagel’s evil cycle and show two other ways of getting 

into an incorrect loop:  in case of a mistake or of technological failures. 

4.3.3 Complex feedback in a dynamic environment 

The quality of the feedback information may vary in a system that is changing during 

time. This is because of the variation in the ability to observe the system (Brehmer and 

Allard, 1991). The ability to observe a system may be illustrated by examples from field 

studies. At times the pilots can get accurate feedback from the technical system in cockpit, 

for example information whether the calculated weight and balance are within the 

required limits or not. At other times the pilots receives feedback from each other and 

there is no feedback available from the technical system. One example of this is feedback 

information regarding whether the correct data has been registered into the handheld 

computing device or not.

Delayed feedback is a phenomenon found in all dynamic environments, also in everyday 

life. A feedback delay is the interval between the point in time when an action is taken 

and the time when information about the effects of that action is received by the operator. 

Studies have shown that feedback delays have negative effects on performance (only 

tested on novices), but delays are inevitable in complex dynamic systems (Brehmer and 

Allard, 1991).  
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In the research area of dynamic decision making it is shown how decisions depend on 

each other. In this thesis dynamic decision theory is further developed to be able to 

account for the consequences of failures in the system. The theories of for example 

(Brehmer and Allard, 1991) and (Hollnagel, 1998) do not show the complexity in the 

information that is derived along the decision sequence since only one decision is shown.  

To illustrate this complexity, a model is here developed where it is possible to trace 

information to earlier decisions, see Figure 4.10 (Enflo, 2008: Paper III). In the figure, it is 

shown that the feedback information changes along the decision sequence from id(1) to 

id(3). The meaning of the information id(3) after the third decision may be difficult to 

understand because it is affected by the other decisions earlier in the sequence. The 

information id(3) which the pilot receives is a function F3 of earlier decisions and earlier 

information, thus id(3) =F3( ad(3), ad(2), ad(1) id(2), id(1)).3

In Paper III an example of an airplane accident is described, where the new model 

illustrates some of the problems that lead to the accident. The model in Figure 4.10 shows 

missing information and how the information changes with new decisions. During the 

analysis of the accident, it was found that the decision maker’s information about the state 

of the world, id, can be described by three variables, thus: id =ir + iu – im where ir is the 

required information to maintain a perfect system and remain in a correct loop, iu is

unnecessary information and im is missing information4. The missing feedback 

information can either be lost forever or just delayed. By describing information by the 

use of three variables, feedback delays are included in the model.  

A pilot task can be used to illustrate the concepts of missing information and complex 

information that are used in the model in Figure 4.10. Beneath follows an example of 

dependent decisions that may appear before setting the trims before take-off.  

Let us assume that you are going to calculate the weight and balance of an aircraft before 

take-off and you have a computing device as your support. In Table 1 there is a list of the 

information that you may need. You make your first decision, ad(1), that is, to register the 

information you need into the computing device. In the registering you make a small 

mistake. Your next decision, ad(2), is to turn on the calculating function of the device. You 

3 This mathematical notation is developed with support from Professor Per Enflo and Associate Professor Kirsti 
Mattila.   
4 This mathematical notation is developed with support from Professor Per Enflo.   
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where, id(n) = ir(n) + iu(n) - im(n), 
and n= 1,2,3

ad(1)

ad(2)

ad(3)

id(2) = F2(ad(1), ad(2), id(1))

id(3) = F3(ad(3),ad(2), ad(1), id(2), id(1))

id(1) = F1(ad(1))

Table 4.1. Information needed for weight and balance

calculations 

Passenger weight and balance 

Luggage weight and balance 

Weather on runway 

Amount of fuel 

Figure 4.10. Changes in feedback information id along a decision sequence. The vector ad is the 

planned action, Fn is the relation between the planned action and feedback in each decision, and 

n is the number of the decision. The red arrow illustrates the dependency between each decision.    

evaluate the results as they are calculated and for some reason you judge them to be 

normal (This example is exaggerated, such a check should be enough). You make the 

third decision, ad(3), which is to adjust the trims in accordance with the results received 

from the device. During take-off you realise that the airplane does not lift. You guess that 

there is something wrong with the weight and balance. Fortunately, there is still time to 

stop the aircraft, and when you have stopped the aircraft safely, you ask yourself: What 

went wrong?  
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Since there are several decisions that depend on each other, and the correct feedback is not 

received until after the third decision, the information has become complex. Instead of 

receiving correct feedback after each decision you get the information in the end, when it 

could be too late.  

This example illustrates the difficulties in finding and tracing the correct explanation of 

an unsatisfactory outcome, when information is received late in the decision sequence. 

The example also illustrates the difficulties in acquiring information from the 

surrounding environment. If there is a mistake in the registration of information, the 

computing device cannot show us that. Since it is difficult to create a device which could 

detect registration errors, the pilots must rely on their expertise to see if the values are 

correct.

If you receive feedback after every decision, there is a risk of getting overloaded with 

information. Therefore, in theory, feedback should be presented when a mistake is made. 

In the airplane accident at Gottröra, Sweden, 27th December 1991, the pilots were 

overloaded with information. The excessive information load on the operator was caused 

by failures in the engines, since there was a one-to-one mapping between failures and 

warnings (Mårtensson, 1995). If the operator is overloaded with information, it is very 

difficult to find the information that is needed to remain in a correct loop.  
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5 Methods

Two field studies have been performed at an airline company. The first study has the 

character of exploratory research with the purpose of describing characteristics in the 

pilots’ work process when a handheld computing device is used (cf. Dooley, 1995). The 

second field study is more theoretical and includes a search for explanations of findings 

gained from the first study. The research in this thesis can be described as qualitative 

research. Theories are mainly used in a comparative way in terms of their ability to 

explain results (cf. Morse, 1994). To understand the meaning of the results gained from 

these field studies, the validity and reliability of the results are discussed in the last section 

of this chapter.   

5.1 Jump-seat observations 

The first field study was conducted to explore the flight process from the pilots’ 

perspective, with focus on communication and work procedures (for more details, see 

Paper I). The observations took place both on release flights and on turnaround flights. 

Most of the observations began in the crew room after which the observer followed the 

pilots out to the aircraft. A few of the observations began during a turnaround flight, 

where the observer came into cockpit during the preflight phase. In the cockpit, the 

observer sat behind but between the pilots on a removable seat, called the “jump-seat”. 

When the jump-seat is used it is positioned in front of the cockpit door.   

5.1.1 Data collection 

A total of 24 jump-seat observations were conducted, 10 of which were performed by the 

author and 14 of which were performed by Dr. Fredrik Barchéus. The observations took 

place on domestic flights between June and December 2005. During the four initial flights 

the observations were conducted only with paper and pen. In order for both observers to 

be able to observe the same characteristics, an observational template was developed on 

the results from the four flights, see Appendix B. The template was then further 

developed in parallel with the study.  

The observational template listed a number of tasks, or events, occurring during flight, in 

order to keep track of their interrelation. The template divided the flight into five phases 
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and was designed differently for the flying phases and the phases on ground. The 

template also had space to give comments, for example noting unusual events.  

5.1.2 Analysis 

A database of the findings was established to be able to compare events as well as order of 

events between flights. Comparisons between orders of the events at different flights 

enabled the construction of a model of the pilots’ work during preflight. The model 

applied to the preflight phase in cockpit, where the pilots use the computing device. Using 

the model it was possible to see when the device was used during the preflight phase. The 

handbook for Standard Operating Procedures was also essential for interpreting observed 

events.

After the analysis of data and the summarising of results, the observers presented the 

findings to the director of flight operations as well as the chief pilot at the airline. This 

was done to receive feedback regarding how realistic the results seemed to experts in the 

field. The presentation was also done to give feedback to the airline.  

5.2 Semi-structured interviews 

From the description of the pilots’ work process, information regarding decision 

procedures and the use of support systems was gathered. The information found was 

further investigated with semi-structured interviews. The results can be read in Paper II 

and Paper III. The purpose of the interviews was to get adequate data. Since the study 

was done using qualitative, and not quantitative, methods it was not important to have a 

certain minimum number of subjects (cf. Kerlinger, 1986; Morse, 1994).  

5.2.1 Interview procedures 

The study included eight interviews which were conducted in a room at the airline 

company office. The participants were four commanders with 3000 to 6500 flying hours 

and four co-pilots with 200 to 3000 flying hours using the AVRO RJ100. Three of the 

four co-pilots had less than 600 flying hours with the aircraft.  

The pilots were first contacted by email where the study was explained and were then 

asked to participate by phone. All the pilots participated voluntarily and the participants 

were assured that the content of the interviews would be referenced anonymously. Each 

pilot was interviewed for approximately 45 minutes during their long break. In the 
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beginning of each interview, the pilots filled in a short questionnaire about their 

background as pilots (see Appendix C). The interviews were taped and shortly after the 

interviews, transcriptions were made. 

5.2.2 Interview questions 

A questionnaire was used by the interviewer as a support during the interviews. The 

questions are found in Appendix D. Subsequent questions that were not included in the 

questionnaire were used to obtain more specific information and to fill in gaps left by 

earlier questions or earlier interviews. Moreover, results gained from previous interviews 

were used to improve the questions, in order to receive more in-depth descriptions of 

discussed matters.

The first part of the interview study considered questions about particular decisions taken 

by the pilots during the observational study, with a focus on support, rules and 

requirements. This part also considered questions about work procedures, such as 

memory strategies and checklists.  

The second part of the study considered questions about the reorganisation of the airline 

as enabled by the implementation of the handheld computing device. In this part, there 

were questions about opinions on the device as well as the new work procedures. To get a 

better understanding of changes in work conditions, there were questions about earlier 

work procedures. However, two of the co-pilots could not describe the work procedures 

before the reorganisation, since they had not worked at the airline that long. They could 

only compare the current work procedures with work procedures at other airlines.  

5.2.3 Analysis 

From transcriptions of the taped interviews, the data were categorised on basis of the 

stated questions. The answers from the different pilots were compared and compiled. 

After the compilation of the pilots’ answers, the results were analysed on basis of different 

theories found in the literature. Feedback on the final results was received from the 

director of flight operations at the airline, to understand if the findings were realistic and 

also to give feedback to the airline.  
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5.3 Discussion of methods 

There is always a problem with the validity and reliability of the results of field studies. In 

the real world, the variables are many and the variance of the variables may be large. It 

may also be difficult or even impossible to manipulate independent variables. This means 

that the evidence is weaker for statements about significant relations between variables 

than it would be in experimental research, where the variables are manipulated. In 

comparison with experimental research, there is also a higher risk of improper 

interpretation of results, especially if the researcher is not guided by specific hypotheses. 

However, this does not mean that non-experimental research is not useful. Field studies 

are an important method when studying real life (Kerlinger, 1986).  

It is difficult to study the pilots’ operations by jump-seat observations. One problem with 

jump-seat observations is that the observer sits behind the pilots and therefore cannot see 

all movements made by the pilots. Another problem is the problem of understanding. 

When the observers are non-experts, which was the case for this study, it can be difficult 

to understand all operations and announcements. However, in the observational study, 

the focus was on communication and work procedures and this was not so difficult to 

study, especially since the pilots announced many of their operations out loud. Also, the 

template was created to diminish this problem. Some interesting issues regarding the 

work procedures that were not possible to observe were followed up in interviews.  

The major problem, but also the major strength, in the observation method, is the 

observer. The strength of relying on an observer is that the observer can relate behaviour 

to the variables under study. The weakness of relying on an observer is the risk that the 

observer makes incorrect interpretations of the observations. There is also a possibility 

that the observer affects the observed situation, since he or she is part of it. However, it 

has been found that observers seem to have little effect on the situations they observe 

(Heys et al. in Kerlinger, 1986, p. 487). Observations at different times and with different 

subjects should also defeat any effort on part of the subjects to “fake” behaviour (Dooley, 

1995).  

5.3.1 Validity of results 

Validity is a property of the results gained from a test or an assessment (Messick, 1995). 

There are several types of validity; internal validity, external validity and construct 
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validity. Internal validity can be described as approximate validity where we are allowed to 

infer that a relationship between two variables is causal. With external validity or

generalisability it is possible to generalise the results so that the inferred causal relationship 

is applicable to different types of persons, settings, and times. If we have construct validity

we are really measuring the constructs that we want to measure (Cook and Campbell, 

1979).  

The findings from the jump-seat observations were partly replicated in the interview 

study. This means that the two studies can be considered as using a triangulation method, 

since the observations and the interviews were made with different subjects at different 

times but still in the same social context (cf. Dooley, 1995). With two different kinds of 

measurements, it is possible to increase the construct validity and decrease the risk of 

measuring irrelevant constructs (Cook and Campbell, 1979). Furthermore, to increase the 

construct validity the results were presented to two pilots at the airline. This was done to 

receive feedback on the results but also to give feedback to the operators. A risk in this 

method could be that results are adjusted after the pilots’ comments. 

The external validity of our field studies should be rather limited, however. It may be that 

the results only apply to this particular country, airline and type of aircraft. This is, among 

other things, due to weather differences between countries, differences in regulations and 

laws, and differences in work procedures between aircraft and airlines. However, the 

results could possibly be generalised to other pilots at the airline as well as the different 

routes at the airline, and different times of year and day. Another reason for the limited 

external validity is the lack of random selection of the participants. In qualitative research 

the participants are often representative of the same perceptions and knowledge, since 

they are not randomly selected from the general population (Morse, 1994).  

The internal validity of the interview study is not very strong, but this is the usual case for 

non-experimental research. In this study the main threat on internal validity is the 

research design, which is of the type “one-group post-test-only”. This means that there 

are no pre-test observations and that the findings have not been compared with another 

group (Berglund et al., 1996). This is especially apparent in the second part of the 

interview study, where the focus is on changes in the work procedures after the 

reorganisation. Since the reorganisation took place four years ago, it was not now possible 
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to conduct a pre-test. Instead, the differences are studied by asking the pilots about the 

work procedures before the reorganisation. One must be aware of that the data collected 

during the semi-structured interviews are the pilots’ experiences and are also retrospective 

descriptions of operations and procedures before the implementation of the device.  

High test validity does not mean high test reliability. If the observers do not use 

standardised forms for their observations, there is a risk of low reliability. In the 

observational study, however, the observers used an observational template. This template 

made it easier to follow the pilots’ observations during flight and should reduce 

observational differences between the observers. (Observational differences between the 

observers could be due to differences in feelings, levels of curiosity and an interest in 

exploring and understanding the environment). Also in the semi-structured interview 

study, the interviewer used a standard form to be able to ask the same questions to the 

different subjects (cf. Dooley, 1995). 
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6 Overview of Papers 

The first paper included in this thesis considers pilot operations and pilots’ work 

procedures after the reorganisation at an airline. The paper concerns the work in the 

preflight phase, since the reorganisation primarily regards this phase of the flight. The 

second paper also considers the preflight phase, but from the perspective of decision 

making. It is investigated how decisions are supported by different technical systems. In 

particular, decisions supported by the use of a handheld computing device are examined, 

as well as the pilots’ use and experiences of the device. The third paper considers available 

feedback during flight, but with a focus on memory lapses. Support systems that may be 

helpful after the occurrence of a memory lapse are investigated, for example different 

memory strategies, checklists, and the computing device.  

6.1 Paper I: Interruptions in preflight – jump seat observations of 

communication in the cockpit 

After the reorganisation at the airline, a work function called the “ramp agent” was 

eliminated and at the same time a handheld computing device was introduced in cockpit. 

The “ramp agent” coordinated information flows between the cabin crew, the pilots and 

other personnel. The ramp agent also calculated aircraft weight and balance at domestic 

flights. Coordination and communication tasks are currently divided between the pilots 

and the gate personnel. The weight and balance calculations are now performed by the 

pilots, with support of the computing device.  

Some of the communication that propagates through cockpit was recognised as being due 

to the reorganisation, such as weight and balance issues as well as information about 

passengers and catering. This indicates an increase in communication and workload after 

the reorganisation. One reason for the increased communication is that the radio is 

situated in cockpit and there is no such technique available in the cabin. Because of this, 

the cabin crew may have to communicate with the catering firm via the pilots, in case of a 

catering problem. The pilots in turn have to communicate with the catering firm via a 

coordinator, see Figure 6.1.  
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All communication that passes through cockpit may cause interruptions in the pilots’ 

other tasks. These interruptions are potentially harmful and may contain important 

information for the pilots. The risk of interrupting depends on the modality of the 

communication, that is, if the communication goes through the cockpit door, the window 

or the radio, and if it is oral or written. The risk of an interruption is highest when 

communication goes through the radio, since the person who calls does not see the pilots.  

It was noted that the work in the preflight phase on a turnaround flight is less structured 

than on a release flight because of time pressure. The risk of interrupting the pilots’ work 

process is thus higher on a turnaround flight compared to a release flight, since the pilots 

then have less time when they can be inactive.  

Some of the interruptions seem to be more critical than others; depending on when in the 

preflight phase they appear. Communication tasks via the radio that may cause 

interruptions are shown in Table 6.1. In the table the tasks are divided into safety, security 

and revenue related events.   

Figure 6.1. The coordinator orders meals from the catering firm, who transports the meals to the 

aircraft. If problems with the catering occur, the cabin crew communicates with the catering 

firm through the pilots who communicates via the coordinator (the arrows in the circle). 
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Table 6.1. Potential interruptions caused by radio communication, divided into safety, security 

and revenue related events. 

Potential interruptions Safety related Security and revenue related 

Cabin Cabin Check Cabin Check 
Catering
Galley power 

Ground De-ice 
Pushback

Gate  PAX passed the gate 
Number of bags 
Boarding complete 
Boarding start 

Coord  Catering 

ATC ATC clearance 
Startup clearance 
Pushback clearance 

6.1.1 Some conclusions 

A lot of the information that goes through cockpit is not directly related to safety. The 

results indicate that there is an increase in both safety and non-safety related 

communication in cockpit after the reorganisation. Some of the increased communication 

may be connected to tasks performed with the handheld device, whereas other can be 

associated with the removal of the “ramp agent”. By delegating the responsibility of non-

safety related communication (as catering) to the cabin crew and introducing a radio in 

the cabin, much of the pilot communication via radio would be eliminated. This 

delegation of tasks may also decrease the number of interruptions.  
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6.2 Paper II: Support of decisions in the preflight phase 

In this paper the decisions that the pilots make in the preflight phase are examined, in 

order to see how these decisions are restricted by requirements and supported by 

technology. In particular one type of decision during preflight is investigated; deciding on 

the settings for the aircraft’s trim and speed which shall be used during take-off. The 

calculations needed for the adjustment of trim and speed are done by the pilots with the 

help of a recently introduced computing device.  

The second paper also addresses how the pilots use and experience the new computing 

device. Some of the input information is externally validated before it is registered into 

the device. This external validation means that the information is received from at least 

two independent sources and can be compared. This type of validation is not possible for 

all of the information required for the calculations. When external validation is not 

possible the pilots validate the received information by comparing it to previous 

experiences. The registration of input data into the computing device is not cross-checked 

between the pilots, however, and this could be a risk. A cross-check is not being done 

because it is not required by the Standard Operating Procedures (SOP), nor is it required 

by the handheld computing device. There is however an overall check of the final 

calculations in which the results are compared with earlier estimated values. Both pilots 

also evaluate the results when they register the results into the Flight Management System 

(FMS). The conclusion is that information is mainly validated by the pilots themselves.  

The study of the usage of the handheld computing device shows the difficulties in 

providing good quality feedback to the pilots. The quality of feedback differs along the 

sequence of tasks performed with the computing device. By comparing data from two 

independent information sources the pilots can receive feedback of high quality. The 

pilots can always receive feedback by cross-checking the data with each other which gets 

especially important when other feedback is not available. The other pilot’s experience 

may be viewed as an independent source of information. Looking at the flow chart over 

validation and cross-checking of input and output data in Figure 6.2, one can see where 

the pilots receive feedback on their tasks and the quality of the feedback. 

The information that is needed for the weight and balance calculations are weather 

conditions (WE), amount of fuel (F), luggage weight (LW), passenger weight (PW), 
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luggage balance (LB) and, passenger balance (PB). The pilots receive suggestions of trim 

and speed from the computing device and these suggestions are compared with 

suggestions from the speed card in cockpit, which are based on the total calculated 

weight. The pilots choose the lowest suggested numbers for trim and speed because that is 

safer.

The pilots’ general opinion about the handheld devices is that it is good and that they get 

a better overall picture of the flight. However, there were also some complaints about the 

increased workload on domestic flights compared to when the ramp agent performed the 

calculations. The analysis of the interviews also indicated a possible over reliance on the 

new device. According to the pilots, the calculations made by the device are very accurate, 

reliable and precise.  

6.2.1 Some conclusions 

The additional tasks supported by the handheld device have made the pilots better 

informed about events during preflight. But the workload of the pilots has increased at 

domestic flights. There may also be a tendency of over reliance on the technology. The 

computing device can provide accurate information only if the input data is correct and 

registered correctly. But the registration of input data is not checked as well as it could be. 

Figure 6.2. Flow chart over external validation and cross-checking of input and output data, 

where dashed points are possible check points.  

P = Passenger, L = Luggage, W = Weight, B = Balance, WE = Weather, F = Fuel
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6.3 Paper III: Detection of memory lapse during flight: A study of back-
up systems and feedback 

This paper describes support systems provided during flight from which the pilots can 

receive feedback on their performance. The support systems are investigated in order to 

find how they provide feedback in case of a memory lapse.  

According to the interviewed pilots, they all had made memory lapses, but very rarely. 

The reasons for memory lapses can be several. If a non-critical task is forgotten it may be 

because non-critical tasks often do not occur on checklists. Other reasons for memory 

lapses are stress, lack of sleep, and hunger. The most common explanation for a memory 

lapse was interruptions while performing the memory items. 

However, there are “systems” that could detect when something has been forgotten. With 

experience pilots develop a sense for what should be done. The pilots said that they could 

automatically sense that they had forgotten something. If they did not automatically sense 

this, the pilots usually detected the memory lapse when using the checklists. Alternatively, 

the other pilot might detect that something has been forgotten. At times a memory lapse 

is detected when the next flow of memory items comes; it is then realised that the last 

flow was not properly executed. Moreover, natural cues in the environment may indicate 

the lapse. For example, if it is dark outside, it will soon be discovered that the landing 

lights are not turned on. Other personnel may discover the lapse as well. If the safety belt 

sign is forgotten, the cabin crew will call and remind the pilots. If the forgotten item is not 

yet detected, aircraft technology intervenes with warnings. Most of the time the lapse is 

detected much earlier and there are no warnings.  

The backup systems used during flight are shown in Figure 6.3. At the top of the figure, 

the flight process is shown. The star shows an error committed at the beginning of the 

process. The arrows show feedback and feedback delays received from different backup 

systems, based on a timeline. The figure shows one example of an order of backup 

systems, but an actual order can diverge from the one illustrated.  
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Figure 6.3. Feedback loops from backup systems, during flight.  

The actual order of backup systems can diverge from the one illustrated.  

One way to help operators cope with feedback delays is to alert the operator about missing 

information, something that the computing device does for some of its functions. The 

new technology may help the pilot by providing feedback in tasks for which it is used, but 

there will always be situations in which the feedback role of the other pilot is 

irreplaceable.  

6.3.1 Some conclusions 

The results indicated that the most important sources for the detection of a memory lapse 

were by the use of previous experience, checklists and the other pilot. The computing 

device could also be used by indicating when there is missing information and also by 

presenting information early in the process. To support experts’ everyday operations, 

where memory lapses may occur, the support should be designed to help the pilots cope 

with interruptions.

For normal flights when decisions are made with a lot of routine, the main purpose of 

implementing support system should be to keep the pilots in a correct loop by validating 

actions and providing feedback in case of error. The handheld device could be used as 

that type of support system. A handheld computing device is more dynamic than memory 

strategies and checklists since the device can be adjusted for new situations. 
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7 Discussion

The overall purpose of this thesis is to contribute to the knowledge about how support 

systems enable human control within normal flight operations. More specifically to:  

1. Identify and describe characteristics of pilot’s normal operations where a handheld 

computing device is used.  

2. Analyse usage and functions in support systems, in order to uncover how they 

facilitate decision making during normal flight.  

The two research goals have been met by studying the use of support systems in a real 

setting, from the pilots’ point of view. Theories about human control, human behaviour 

and decision making have been studied in order to interpret results gained from field 

studies. In this chapter, the results will be discussed and related to the different theories. 

The chapter begins with an overall discussion of the pilots’ normal operations and routine 

decision making. This relates to the first goal. Thereafter follows two sections which are 

both associated with the second goal. These sections include a discussion of the pilot’s use 

and experiences of the handheld computing device, and a discussion about real time 

feedback during flight operations.  

7.1 Characteristics of normal flight operations 

A flight consists of several phases, some of which are performed in the air and some of 

which are performed on the ground. The phases differ in tasks, work level, 

communication routes and parties involved. During the jump-seat observations, some 

characteristics of the pilot’s work were identified, which are presented with italic style in 

the text below. Characteristics of the pilot’s decision making were studied through semi-

structured interviews and these are also described.  

7.1.1 Pilots’ normal operations 

During flight, cooperation between the pilots and other personnel is essential to achieve a 

safe flight. To be able to handle all tasks that have to be performed during flight, the tasks 

are distributed to different work functions. The pilots collaborate with other personnel, 

such as the air traffic controllers, the cabin crew, the gate personnel, the technicians and 

the ground personnel. There is also communication with personnel performing other 
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work functions to receive information needed for the flight. To be able to communicate 

with the other work functions of which several are located long distance from cockpit, 

there are several communication routes that may be used.  

During the preflight phase in cockpit, when there is a high level of communication, 

information reach cockpit through several radio channels, the handheld device, orally via 

the cockpit door and via a written paper handed through the window. When the engines 

are started, the cockpit door has to be closed, because of security reasons, and this limits 

the ways in which the cabin crew, the ground personnel and the pilots can communicate.  

The information may be presented in different ways. Information may be received 

through the cockpit door handed on paper by the ground personnel, or announced orally 

through radio by the ATC, or by sign language through the window which the ground 

personnel and pilots often uses during start of the engines.  

The high level of communication affects the risk for the pilots to be interrupted. A danger 

with interruptions is that they may induce memory lapses. But an interruption may 

contain essential information for the flight and be of great importance for the pilots. 

Moreover, the checklist is a support for events such as interruptions, to which the pilots 

may go back and check which tasks that have already been performed and which should 

be preformed.  

Many of the interviewed pilots considered the approach and landing phases to be the most 

demanding phases. The observations also showed that there is a high level of 

communication with the ATC during the approach and landing phase. The cruise phase, 

which takes place above 10 000 feet, however, seemed to be a less stressful phase compared 

to the take-off and landing as well as the preflight phase during turnarounds.  

During normal operations, the pilots follow the Standard Operating Procedures. To 

remember the procedures they are supported by checklists, techniques for the use of 

checklists and different memory strategies. The procedures standardise the work and 

thus support cooperation between the pilots and the development of routines. It was 

found during the field studies that some of the pilots had developed their own strategies 

to remember the procedures. If the pilots use their own memory strategies this could 

imply a lower ability to cooperate with the other pilots, but having ones own strategy 
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could also be a better method to remember and to cope with interruptions. One of the 

pilots described the personal memory strategy as answering questions, such as

“What is necessary to do this? What is superfluous when doing this? What can I turn off?” 

(Pilot’s description in Enflo, 2008: Paper III) 

The work in cockpit is distributed between the pilots. The SOP describes the pilots’ roles 

during different phases. On the ground the commander steer the aircraft, but in the air 

the steering is done either by the commander or by the co-pilot. When one of the pilots is 

flying the aircraft, the other pilot handles most of the communication with other parties, 

such as the ATC, the passengers and the cabin crew. For example, if one of the pilots 

informs the passengers on the intern channel, the other pilot is listening to the radio and 

waiting for clearances from ATC.  

7.1.2 Decision making with environmental constraints 

The pilots have to make several decisions during flight. Many of the decisions are made 

regularly at every flight and had standard alternatives. The words experience and routine

were mentioned by the interviewed pilots and indicated that the decision making was 

based on previous experiences. Moreover, constraints and requirements were raised as 

important issues in the process of decision making. 

“The environment forces you to behave in a certain way and this also affects your behaviour 

privately. Everything is black or white, yes or no: Shall we go or not go? Moreover, the decision 

making during flight has to be rapid. For example, you cannot sit and think during the 

approach. Instead, it is: Decide! Contact or go around?” (Pilot during interviews, 2007) 

The pilot’s statement during one of the interviews indicates that constraints in the 

environment affect the decision making process. Rapid decisions are needed to cope with 

time pressure and the alternatives are standardised, some are even binary, such as “yes or 

no”. Klein’s Recognition Primed Decision (RPD) model (1993) describes highly 

experienced operators’ decision making in real safety-critical environments. The model 

illustrates how the operator recognises a situation and then knows by experience what 

action to take. According to this model, experts’ decision making depends on recognition 

of the situation, but environment constraints are not especially taken into account, which 

seemed as an important factor during the field studies. Orasanu and Fischer (1997), 
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however, added time constraints and risks as factors in their model developed from the 

RPD model, and showed how these affect the decision making, see Figure 4.2. In both 

models, the most important stage in the decision making process is situation assessment.

The theory of dynamic decision making (Brehmer and Allard, 1991; Edwards, 1962; Lind 

et al., 1984) can be used to describe decision making during flight, since a flight is a 

dynamic environment. The results from the field studies suggest that several decisions 

during flight affect each other, for example is the set of available alternatives affected by 

former decisions. This is a description of the environment by one of the pilots:  

 “There are changes during flight, new things happen all the time and decisions have to be made 

immediately. Decision making is an ongoing process during the whole flight, and you cannot 

anticipate at what time you have to make a decision.” (Pilot during interviews, 2007) 

7.2 Real time feedback within operations 

The support systems studied in this thesis were checklists, memory strategies and the 

handheld computing device. These support systems can all be considered as portable and 

are used to decrease memory workload. One difference between the support systems, 

however, is the ability to adapt to a new situation. Checklists and mnemonics are static, 

and do not change in case of a new situation. The handheld computing device, on the 

other hand, is more dynamic since it supports every flight’s weight and balance 

calculations, which depends on for example weather conditions. Checklists and orderings 

of procedures are ways to take some load off the human working memory in situations 

with time pressure (Svenson and Edland, 1998). However, earlier research has found that 

such static support systems may be insufficient in coping with for example interruptions 

(Loukopoulos et al., 2001).  

Several feedback points are investigated during the sequence of tasks supported by the 

computing device (Enflo, 2007: Paper II). The possible feedback that may be provided at 

these points can be seen as information with different quality. This is because some 

information comes from two independent sources while other information have to be 

evaluated by the pilots who use their previous experiences. Brehmer and Allard (1991) 

proposed that the reason for the differences in feedback quality were the differences in 

the ability to observe the system. It is not always possible to receive feedback from the 

technical systems in cockpit, so the cooperation between the pilots is important when they 
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have to receive feedback from each other. The results from the interviews suggested that 

the pilots have developed a feeling for what should be done, and consequently 

automatically sense when something has been forgotten. This result can be compared 

with Schön’s (1991) concept of “reflective in action”, which describes how professionals 

reflect on an action while doing it, and how they may get a feeling of success after the 

action is accomplished. This reflecting of actions seems to be consciously done, whereas 

the pilots however describe an automatic, routine behaviour during an extreme time 

pressure. The field studies thus do not show whether and when the pilots reflect on their 

actions. Reason (1990) found three ways in which a human error usually is detected: by 

oneself, via environmental indications or through some other person who has discovered 

the error. The results in this study show that there are other ways to detect error, for 

example through checklists, memory strategies and technology. The results indicated that 

the usual ways of detecting a memory lapse were through experience, checklists and the 

other pilot.  

Hollnagel’s model of incorrect understanding (1998), presented in Figure 4.8, raise the 

importance of keeping the operator in a correct loop, to maintain a safe, sustainable and 

resilient system. But since experts act with feed forward control, they do not constantly 

need feedback information (Hollnagel, 1998). Feedback should only be provided when 

needed, that is, in case of a memory lapse or other human error, an incorrect action or a 

system failure, if these are not immediately detected by the operators.  

It is important that the feedback from previous actions is available in time for a new 

decision and that the feedback quality is presented. The quality of the presented 

information should be as good as possible and any missing information should be 

requested from the operators or the technical system. Although Klein (1993) and Orasanu 

and Fischer (1997) do not stress the importance of feedback, they focus on the stage of 

situation assessment in the decision making process. Thus, according to them, it is 

essential to provide accurate information for the operators to support correct decisions.  

Some functions of the computing device are examples of the provision of feedback 

information and the request for missing information. The computing device, as well as 

the checklists and other memory supports, makes it possible to give operators feedback 

early in the process and reduce feedback delays (cf. Brehmer, 1992; Brehmer and Allard, 
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1991). Such real time feedback may be particularly important in dynamic environments 

where decisions as well as feedback are dependent on each other. The goal when 

implementing a new technical support should be to keep the operators in a correct loop by 

giving the operators accurate information and inform them about the feedback quality.  

7.3 Uses and experiences of the handheld computing device 

The pilots’ general opinion about the computing device, three years after the 

implementation, seems to be that it is good. This could be since the handheld computing 

device gives the pilots a better overall picture of the flight. The pilots also think that the 

calculations performed with the device are very reliable and precise. The pilots’ 

descriptions, however, may indicate a tendency of over reliance on the technology, since 

the calculations are only correct if the numbers are correctly registered and there are no 

technological failures (cf. Hollnagel, 1998). A cross-check of the weight and balance 

results is only made after the calculations are done and the numbers are already 

transformed, and this implies that a minor mistake made when registering the numbers 

may be difficult to detect. If the input data were cross-checked the pilots could receive 

feedback on their actions and see if they are in a correct loop. But this cross-check is not 

performed, however, since it is not required by the SOP or by some function of the device.  

When introducing equipment that is not originally designed for use in cockpit, it may be 

important to put the focus beyond technical functions and design, and try to anticipate its 

influences on work. If an EFB hardware and its application are not especially designed 

for the use in cockpit, this may cause higher demands on the operators to adjust to the 

new situation, than if the hardware had been particularly designed for cockpit.  

The cross-check of input data that is not currently performed would be easily performed 

with the help of the handheld device if the device had had a large enough screen where 

the numbers are presented. In such a case, the pilots could easily observe the results at the 

same time, and thus spare effort and time compared to now when they have to share the 

device. This is a good example of a task that could be performed in a better way with 

equipment especially designed for use in cockpit. Studies in real life settings may uncover 

how new equipment is actually used, both by the operators and by the airline companies. 

It is important to know the airline companies’ intentions when implementing technology 

to be able to make the most suitable design.  
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7.4 Future work 

The model in Figure 4.10 describes the complexity of information in a dynamic 

environment, which is due to dependencies between actions. Because of its complexity, 

information about a dynamic environment may be difficult to understand, but it becomes 

even more difficult to understand when feedback information is delayed. To get a better 

understanding of how human operators deal with dependencies between actions and how 

they interpret information produced by several decisions, further studies are needed. 

Think aloud studies could be a suitable method to study cognitive processes. However, it 

is not possible to ask the pilots to think aloud during the more critical phases of a flight 

where “sterile cockpit” does not allow talking, so such studies have to be conducted in 

laboratory settings.

It is also of interest how feedback and feedback quality should be visualised or presented 

to help the operators cope with dependent information. This is studied in previous 

research by Brehmer and Allard (1991) who found that there is a need to help operators 

cope with delayed feedback. The field studies in this thesis have been limited to feedback 

from different oral and visual sources. Haptic feedback is not studied nor discussed, but 

this is of course of a great importance in an environment with a high level of automation 

where haptic feedback often has to be artificially reconstructed. 
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8 Conclusions

The results of the field studies show how the implementation of a handheld computing 

device has changed the pilots’ operations and work process.  

The conclusions of the thesis can be summarised into these points:  

There are changes in the work process and in pilots’ operations after the 

introduction of the new equipment.  

The pilots get a better overall picture of the flight when they have to perform the 

tasks that have been added with the support from the computing device.  

There is an increased workload for the pilots in the preflight phase during 

turnarounds, compared to before the reorganisation.  

The results indicate that the device could be better designed for the context where 

it is used.  

The device has feedback functions that help to keep the pilots in the correct loop. 

However, both pilots are still needed to make sure that the input data is registered 

correctly and that the final results of the calculations are correct.  

The design of the device forces the airline to rewrite their procedures.  
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