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Summary 

Air traffic is expected to continue growing in the future, which will require the airspace capacity 

to be increased. This can be achieved by more efficient control of the air traffic, leading to more 

complex communication between the pilots and Air Traffic ControL Which have so large an 

effect that the cockpit interface of the air-ground communication must be adapted. 

The aim of this study is the design and evaluation of an interface that supports the 

communication task of the pilot in the future flight environment. For practical reasons, the 

assignment is reduced to only the flightplan evaluation task of the communication process. 

During the design process the theory of usability is used, by keeping the dimensions 

effectiveness, efficiency and user satisfaction constantly in mind. The user profile and the task 

analysis are used directly and the specified requirements provide a good framework during the 

design process. 

A prototype of the interface page is composed with taking the following points into account: 

simplicity of the task, reducing the information load, presentation of the right information and 

providing smart suggestions by the system. 

All phases of the design process are complemented by comments from actual users, who provide 

the necessary background information. These small evaluations are foliowed by an more 

extended evaluation of the prototype. With the help of questionnaires, observations and prompted 

interviews four airline pilots have evaluated the htterface page. 

The idea of providing the pilot with an interface page that supports him in his flightplan 

evaluation task, is received positively by the subjects. Because of the complexity of the future 

navigation, pilots will need extra system support. The interface largely meets the requirements 

necessary to perform the evaluation task in the future aircraft, but not all of the above four 

points 

have been applied sufficiently. Besides that, an additional point, the flight phase dependenee of 

the information presentation, is arisen during the evaluation. 

The recommendations in this thesis contain, among other things, an idea for a following 

prototype, in which the five points are largely incorporated, so that the information is better 

tuned to the fightplan evaluation task of the pilots. 
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1 Introduetion 

Starting a study means examining the environment of the assignment. The study, originating at 

the NLR, is incited by future grow of the air traffic. The increase of the aircraft density requires 

more efficient air traffic control, therefore a fourth navigation dimension (the time) and a new 

comrnunication device ( datalink) are introduced to the cockpit. Which have so large an effect 

that the interface of the air-ground comrnunication must be renewed (section 1.1). 

Before the description of the study, some aviation terms are explained in section 1.2 and 1.3. 

The position of the interface pages in the cockpit is discussed in section 1.4. In section 1.5 the 

structure of this thesis is listed, to provide the reader with an idea of the contents of the 

following Chapters. 

1.1 General scope of the assignment, the PHARE-scenario 

It is foreseen that the density of air traffic is expected to continue growing in the future. This 

future growth will require an increase of the airspace capacity, which can be achieved by 

reducing separation criterial) and by more efficient control of the air traffic. Future Air 

Traffic Management (ATM) concepts are based on four-dimensional (4D) route information, 

instead of the present-day two- or three-dimensional (2D or 3D) navigation information. With 

4D navigation, an aircraft is required to remain within stated limits of position and time, inside 

a so called bubble-in-the-sky which moves as a function of time. The advantages of this concept 

are: 

... The airline bas the possibility to optimize the trajectory of their aircraft, so they can fly more 

economically. 

... The Air Traffic Control (ATC) can optimise the traffic flow such that the capacity of the 

airspace increases. 

Due to the extra dirnension, time, the amount and complexity of the navigation data exchange 

between pilot and A TC increases. As it becomes almost impossible to use voice comrnunication 

for the transfer of the 4D route information. An air-ground datalink will be used for the transfer 

of information between the ground and airhome systems. Datalink plays a central role in the 

Programme for Harmonised A TM Research Eurocontrol (PHARE)-scenario. In short, the 

PHARE-scenario is based on an advanced Air Traffic Control environment with two new items, 

datalink conneetion and 4D navigation. 

Through the use of datalink in the PHARE scenario, a display in the aircraft is necessary for the 

I) The separation criteria are given by Air Traffic Control (ATC) to a pilotand describe the distance between two aircraft for 
both horizontal and vertical separation. 
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input and output of the communication data. This is differing from the nowadays used voice 

communication. And because of the 4D navigation, instead of the present-day 3D navigation, 

more data must be transmitted. Here lies the root of this study, of which the defmition is as 

follows: design and evaluate an interface tbat supports tbe communication task of tbe pilot 

in tbe PHARE environment. But before the design can be described, some general (flight) 

definitions are explained to provide a better image of the communication process. 

1.2 Fligbt patb definition 

The 4D navigation requires new defmitions for the path-elements of an aircraft flight. The extra 

dimension, time, makes it more complicated for the pilot and the Flight Management System 

(FMS) to calculate and evaluate the complete path in its four dimensions. Therefore different 

levels of flight path complexity are defmed, starting with a few elements that is extend until a 

complete tube. 

• A constraint is defmed by the name of a waypoint2) , its position (x,y) and its attributes. 

The attributes defme the height (z), speed and time in the form of windows. 

• A set of constraints, together with the optional Terminal Manoeuvre Area (TMA) attributes 

for the arrival and/or departure airport, constitute the constraints list. 

• The constraints list together with the initia! performance parameters, weather and navigation 

information, forms the basis for the construction of the trajectory. The trajectory represents 

a continuous 4D path in space and time. For ease of use and for representation, a trajectory 

is split in a route and a profile. 

~ The route contains information about the path (x,y) to be foliowed along the earth's 

surface. lt allows a continuous line to be constructed along which the guidance can steer 

the aircraft, independent of the altitude and time aspects of the trajectory. 

~ The profile reflects the altitude and time aspect of the trajectory. It contains a series of 

time and altitude reference points lying on the route. 

• The tube represents a 3D volume of airspace, moving with tîme along the trajectory. The 

tube windows are series of 4D points lying on the reference route surrounded by a set of 

three windows, the lateral (x,y), height (z) and time windows. The tube is the final product 

of the negotiation between the pilot and A TC. The pilot must fly within the boundaries of 

the tube. 

2) The waypoint is the position of the aircraft, expressed in the latitude and the longitude. 
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Fig. 1. 1 Flight path definition 
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lt is necessary to keep the pilots in the control loop, which means that the pilot must retain the 

possibility to negotiate about the trajectory. A possible side effect of the introduetion of a 

datalink could be the disabling of the pilot, by directly input the proposals into the FMS. To 

prevent this, ~ pilots must have the possibility to make inputs (constraints) in the Flight 

Management System togeneratea 40 trajectory. This trajectory can be downlinked to ATC. 

Having received the request, the ground system will carry out a conflict probe between the 

downlinked trajectory and the trajectories of all other aircraft known to the ground system. Two 

actions can follow: 

• Route and profile accepted 

A conflict-free 40 tube, around the trajectory, is uplinked to the aircraft by ATC. The 40 

tube becomes the agreed contract and the aircraft is free to manoeuvre within the boundaries 

of this 40 tube in order to operate in the most efficient way possible. 

· Route and/or profile are not accepted 

In order to resolve conflicts ATC may modify the trajectory in totality, or add or delete one 

or more waypoints (constraints). The revised constraints will be uplinked. To keep the pilot 

in the decision loop these new constraints are evaluated by the pilot with the help of the 

Flight Management System (FMS). If the constraints are approved by the pilot, they can be 
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generated into a trajectory and 

downlinked to A TC for approval. It is 

also possible for the pilot to enter new 

constraints in the FMS and generate a 

new trajectory that can be downlinked to 

ATC for a second negotiation round. 

1.4 Multi Function Display 

The use of datalink, the possibilities of 4D 

trajectory negotiation and the evaluation of 

the trajectory by the pilot demand a new 

interface design. The position of the 

interface page will be the Multi Function 

Display (MFD). This choice is based on the 

ATCaccopl 

Fig. 1.2 Trajeetory negotiation block diagram 

outcomes of previous NLR research for datalink interfaces. The MFD is centrally located in the 

cockpit and has a full-colour graphical touchscreen. 

Another option for the interface is the Control Display 

Unit (CDU). This position is a logica! one in the view 

of the present-day cockpit layout. At the moment the 

working procedure is that all inputs for the MFS are 

made on the CDU and because the new interface 

page(s) will also be linked to the FMS, the CDU would 

be the obvious choice to use as the interface. There are, 

however, disadvantages in using the CDU for the new 

page(s). Including the small size of the display and the 

number of other functions present on the CDU. So the 

MFD was selected as for the interface, because of the 

lager screen size and the graphical colour display. 

1.5 The structure of this thesis 

Fig. 1.3 The Multi Function Display 
at the middle of the cockpit, with left 
and right the less suitable CDU 
interfaces 

During the design process it is necessary to have requirements for the interface page. These are 

made by looking in different ways to the interface page. First this is done from the perspective 

of the general theory of usability (Chapter 2). How can an interface meet the usability 

dimensions effectiveness, efficiency and satisfaction. In Chapter three a more practical approach 

is made by involving the user. What are the characteristics and limitations of the users, that must 

be met in the design. The final step of the design preparation is the hierarchical task analysis of 

the pilots' tasks. This systematical method of analysing human task requirements and task 

behaviour is applied in Chapter four. 
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The outcomes of the preparations are used in Chapter 

five in the design of the interface page. The result is 

the provisional prototype that is used for the evaluation 

described in Chapter six. The evaluation results make 

it possible to make recommendations for further 

design. In the fmal Chapter, the results of the thesis are 

described in the form of conclusions. 

A final remark about this thesis is made about the use 

of only the male gender. This could also be the female 

or both, but because of the ease of reading only the 

male form is used through this thesis. 

2 3 4 
user 

Usablllty speclllc8llon Task III18Jysls 

L 

5 
lntilllf8» 
design 

l 
8 

EviiiUIIIIon 

1 
7 

Discussion ancl 
coneluslons 

Fig. 1.4 Chapters flow of this thesis 
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2 Usability 

When the usability of any device is examined, many parts may appear imperfect while the 

device is quite usab1e. Y et if we have one thing, aften minor, wrong then the product may be 

unusab1e. An everyday example to illustrate this is an excellent apartment with an ensuite 

bathroom equipped with all the latest fittings. The bathroom had all the components required of 

a bathroom and each worked well and each was usable. Unfortunately when we took a shower 

the water drained onto the floor and the slope of the floor took the water into the bedroom. This 

made the shower difficult and messy to use as we had to find ways of stopping the water 

flooding outside. 

This examp1e shows that it requires a lot of preparation to design a useful bathroom. First it is 

important to know what a useful bathroom is. A usability defmition (section 2.1) will help to 

define the ease of use in relation with the user, his environment and his tasks. 

Next step is to make the usability defmition measurable, by defining usability dimensions. In 

section 2.2 the usability definition according to the ISO is chosen because it is generally 

accepted standard. The three dimensions effectiveness, efficiency and satisfaction are used in the 

rest of this thesis, during the design and evaluation phase. 
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2.1 Defmitions of usability 

It is hard to give a sound and complete defmition of usability. One of the attempts is made by 

Eason [1984], who bas suggested that the major indicator of usability is whether a system or 

facility is being used. This defmition is a very restricted one. The fact that a system is used, does 

not prove that it is usable. The user may not be satisfied, make many mistakes or take a long 

time to complete the task. 

Therefore, perhaps a defmition of usability should contain more indicators such as the ease of 

learning and ease of using. Shackel and Richardson [1991] propose to use the capability of 

human easily and effectively specified by the range of users, given specified training and user 

support, to fulfil the specified range of tasks, within the specified range of environmental 

scenarios, portrays a usabie computer system. Chapanis [1991] gives a definition which is 

modeled u pon Shackel by staring that the usability of a computer is measured by how easily and 

how effectively it can be used by a specific set of users, given particu/ar kinds of support, to 

carry out a fixed set of tasks, in a defined set of environments. There appears to exist agreement 

that usability involves users, users' tasks, users' tools, and the environment in which users 

function. 

2.2 Dimensions of usability 

The definitions provide explanation about the term usability, but do not make usability 

measurable. Thereto the usability dimensions must be known. Different dimensions have been 

defined by different authors. Three definitions are discussed below, but because of the overlap 

between the dimensions, only the ISO dimensions are used in the rest of this thesis. In Appendix 

I the usability dimensions are summarised in the form of usability check points for practical 

applications. 

The European Telecommunications Standards Institute (ETSI) considers two kinds of 

usability dimensions, namely those that are linked to performance and those related to 

attitudes. Where performance is measured objectively, attitude represents subjective 

dimensions. The two are relatively easy to distinguish at an operational level because 

measures of performance are clearly separable from measures of attitude. However, they are 

also so general that it can be difficult to use them for guidance in defming quantifiable 

usability goals. 

Shackel and Richardson [1991] maintain the distinction between performance and attitudinal 

dimensions, he defines four distinguishable dimensions and through this more extensive split 

up of dimensions they become better quantifiable. 

• Effectiveness refers to levels of user performance, measured in terms of speed, accuracy and 

the probability of completion of a given task. 



-18-
TR 96567 L 

• Learnability refers to the ease witb which new or occasional users may accomp1ish certain 

tasks. 

· Flexibility refers to variations in task-completion strategies supported by a system. 

• Attitude refers to user acceptability of the system in question. 

These dimensions are not mutually exclusive in tbe sense tbat measurements of effectiveness 

can, at tbe same time, also give some indication of system learnability. It is also possible tbat 

learnability influences effectiveness in a negative way. A system tbat is easy to learn can be 

non-effective (slow) in tbe long term. For example in wordprocessing, it is sametimes for an 

expert much quicker to use tbe input metbod of commands and function keys (tbe Dos 

version of Wordperfect) tban an easy to learn metbod witb menus (the Windows version of 

Word). 

The measurement of flexibility gives 

also some practical problems. Effects 

of tbis dimension may be measured by 

differences in performance as a 

function of absence or presence of 

added features. For example, providing 

five different ways to achieve a result 

may be an overkill, leading to 

confusion, errors, complex 

explanations in help and extra training, 

by comparison with providing one Fig. 2. 1 The leamability is not always that good 

command only. Experts and users have 

to judge (subjectively) tbe trade offs between flexibility and effectiveness, to decide on the 

best solution for tbe users and tbeir tasks. 

Because of tbe overlap of tbree of tbe four dimensions of Shackel, we will fall back on tbe 

strengtb and the safety of a generally accepted standard. One component of tbe international 

stand~d ISO 9241, usability specification, applies equally to hardware and software design. 

In that document tbe following defmition of usability is given; Usability is the effectiveness, 

efficiency and satisfaction with which specified users achieve specified goals in particu/ar 

environments. From this definition it is possible to distinguish three dimensions of usability 

[ISO 9241]. 
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• Effectiveness is the accuracy and completeness with which specified users can achieve 

specified goals in partienlar environments. 

• Efficiency is the resources expended in relation to the accuracy and completeness of goals 

in partienlar environments. 

• Satisfaction is the comfort and acceptability of the work system to its users and other people 

affected by its use. 

There is a similarity between the usability definitions of shackel and the ISO 9241. They both 

contain the dimensions effectiveness and satisfaction (corresponding to attitude). But the 

dimensions learnability and flexibility of the frrst defmition are not represented in the ISO 

definition. These two dimensions have an overlap with the dimension effectiveness and 

therefore they are brought together in the dimension effectiveness. Due to this construction 

the defmition contains less overlap between the dimensions. 

With the ISO defmition a new dimension occurs, efficiency covers the extra area of the 

resources needed to accomplish the task. Consider for example, the bathroom mentioned 

above. If there is no soap in the bathroom, it is inefficient to take a bath, because it will take 

a long time for you to become clean. Taking a whole bath is too much of an effort for 

achieving the goal. Similarly an effective system may be inefficient, so that the users still 

fmd it unusable. 

Fig. 2.2 The efficiency is often measured by the workload level 

The three usability dimensions are elaborated in Appendix I detailed in usability check points. 

These will be used during the design and evaluation of the interface pages. 
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3 User specification 

Doeurnenting user characteristics helps designers to be aware of who they are designing for. The 

purpose is to ensure that in the different design stages, the right level of terminology is 

employed and the potential user limitations are taken into account. Unless designers consciously 

hold in mind who they are designing for, they are likely to design (unconsciously) for people 

like themselves. 

Thereto in section 3.1 several kinds of users are defined. The pilots who use the interface 

directly and the user groups that use the interface on a indirect way. Every user has an objective, 

for carrying out a number of tasks. The nature of the task will provide insight of how the 

interface will be used. 

Also information about the pilots' characteristics, capacity and skills must be taken into account. 

Section 3.2 provides the designer a well image of the direct user. The pilots look like a 

homogeneaus group through the strict selection metbod and the flight trainings, but strictly 

speaking they are still a various group of users. 

The second group of users that are indirectly involved with the interface use are described in 

section 3.3. In spite of the fact that airlines are only indirect users, they influencely exercise the 

design with their cost and safety conditions. 
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3.1 User types 

To make a good user specification it is necessary to define sub-sets of the users. The partition 

is basedon users' system use ortheir relation with the system, this can be gathered from the 

users' task. 

Look at the use of the interface the users can be divided into two groups. Users who directly 

(physical) use the system and the ones that use the system on an indirect way [Sutcliffe, 1995]. 

• Direct users use the system hands-on to perform their own work. For the MFD interface the 

direct users are: 

... Pilot Not Flying (PNF) 

... Pilot Flying (PF) 

• Indirect users use the system by asking other people to use the system on their behalf. For 

the MFD interface the indirect users are: 

... Airlines 

.,. Air Traffic Control 

... Manufacture and maintenance teams 

... Passengers 

The two direct users are the pilots who fly the aircraft. Pilot flying and pilot not flying are 

two different functions but they have to work as a team. A quotation out of the Boeing 

manuals illustrate this: 

During all phases of jlight disciplined crew co-ordination and communication wilt enable the crew to be 

permanently aware of each other's actions, airplane con.figuration, system status, airplane position and ATC 

communication. All crew actions and tasles are to be monitored by each pilot. Errors in judgement or deviations 

from standard procedures are to be reported to the other pilot without delay. 

[Aircraft operations manual Boeing 747-400] 

The co-operation between the pilots is mainly to verify one another and to obtain an optimum 

di vision of the operations. Many duties my be carried out by either pilot depending on which 

one at the particular time is more readily available. However, system handling by the PF shall 

never interfere with his main task, flying the aircraft. His main task and the main task of the 

PNF are represented in the next two sub-sections. This is a start of the in Chapter four 

performed task analysis. The limited version (only the main tasks) is sufficient to obtain a 

well image of the user. 



-22-
TR 96567 L 

3.1.1 The overall task of the Pilot Not Flying 

The PNF is mentioned flrst because he is responsible for the communication task and he actually 

makes the inputs on the CDU. The PF commands the PNF to perform any FMS programming. 

This is mandatory when the airplane is under manual control. CDU changes should be executed 

after confirmation with the PF [Aircraft operations manual Boeing 747-400]. 

The communication is only a sub-taskof the PNF. Generally spoken the main aim of the PNF 

is to support the PF. His main task can be seen as an overall monitoring task with the following 

sub-tasks. 

... Assist the PF to the greatest extent. 

... Perform communication . 

... Inform the PF in case of deviations from the intended flightpath or from the standard operation 

procedures . 

... Perform administration duties. 

3.1.2 The overall task of the Pilot Flying 

The PF is responsible for flying the aircraft, bis main aim is to fly safely and economically from 

A to B. He can give commands to the PNF. All commands related to the handZing of the 

aircraft, given by the PF, shall be acknowledged when carried out by the PNF [Aircraft 

operations manual Boeing 747-400] . For supporting bis task the pilot flying can also make 

simple selections on the CDU to gather flight information. So the overall task of the pilot flying 

is: 

... Control the aircraft. 

... Monitoring and planning: flightpath, navigation, flight progress, fuel state, weather and airplain 

conflguration. 

3.2 User profile of the direct users 

Pilots are a relatively smalt group of users. All trained and educated to accomplish the very 

extensive task, flying an aircraft. For sofarit is a homogeneaus group of users. Butnotall 

pilots think the same, reason out the same or give the same preferenee to a subject. They are 

all human, and differing with their physical and cognitive limitations. There are really 

differences between the personal characteristics and the skilis of the pilots. 

3.2.1 User personal cbaracteristics 

The myth of the independent-mind, adventuresome and autonomous a viator bas been perpetuated 

in hooks, movies and by the aviation industry. In the experience of Warren [1992], there is a 

great variety of personality types represented among pilots. A few numbers will illustrate this 

in flgure 3.1. A total of 134 respondents completed a self-assessment questionnaire. The results 

show that there are still more male pilots than female and the highest number of pilots are 
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between the age of 30 and 49 year. The personality types of the pilots show that the modem 

aircraft demand social skilis and teamwork and that pilots are not always dominant personality 

types. 

Gender [%] A ge [%] Personality types [%] 

Male 91.8 20-29 4.5 Aggressive/ Autonomous 26.4 

Female 4.5 30 - 39 16.4 Social/Deferring 19.0 

Unreported 3.7 40-49 37.3 Achlevement /Social 32.2 

50-59 7.5 Mixed 22.3 

60 > 0.7 

Fig. 3. 1 Variety of personality types among the USA-airlines pilots [Warren, 1992]. 

3.2.2 User capacity 

User capacity contains the knowledge of the fundamentals of our sensory, perceptual, memory 

and motor systems. These systems are extensively reviewed in the cognitive psychology 

literature, therefore only some aspects are high-lighted in this section. These aspects that directly 

influence the design of the interface, like the human limitations and human reasoning. Where 

possible pilot-related literature is consulted, supplemented with general cognitive psychology 

literature. 

• Humans are very strong in pattern recognition. lt is an extremely complex and powerful 

process, which artificial intelligence experts have only barely begun to be able to simulate 

with the computer. Human pattem recognition is not a simple matter of matching a pattem 

in the signa! toa template in memory, it makes use of context and knowledge of the world 

[Anderson, 1990]. 

• The working memory of humans has a low capacity 7±2 items and it decays quickly. This 

suggests that one should avoid requiring users to remember transient information as they 

move from screen to screen and avoid requiring complex translations and mental operations. 

• For leaming and memorizing chunking, organizing information into meaningful pattems, can 

help. The experienced pilot sorts the available information into chunks more meaningful to 

the goal of the current task [Adams, 1993]. 

• An aspect of long-term memory is that continuous reeall of specific items, or conducting 

motor tasks with a good level of continuity, enhances the ability to remember or carry out 

these tasks. Pilots have stored this knowledge in related groups or scheme, these are based 

upon specific situations. Reactivation can be initiated by the cues (mental or physical), the 
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context of a situation and the abilities to make associations between current and previous 

patterns [Wendell, 1993]. 

• Levels of reasoning and their associated organisation of memory are described in the three

level model by Rasmussen [1986]. 

... Skilllevel: considerable domain knowledge exists in a highly structured form of memory. 

In this case the problem bas essentially already been solved and the salution stored in 

memory as a procedure. The procedure is a metbod of doing sarnething to achieve a goal, 

so skill level processing only requires recognising and retrieving the correct procedure. 

This can cause errors. 

... Rule level: some knowledge of the domain or current problem exists but this knowledge 

is fragmented as isolated facts and rules in declarative, ij. .. then-action, type format. 

Reasoning on this level is effortful and conscious. Fragments of domain knowledge have 

to be assembied with more general beuristics to solve the problem. 

... Knowledge level: problem solving uses beuristics and general knowledge. Little domain

specific knowledge exists in memory, so people have to solve problems from first 

principles. This level of reasoning requires conscious attention and is often difficult. 

These levels are occurring in a natura! progression with fairly fuzzy boundaries between 

them. Intelligent aiding should take place across levels. As pilots become more familiar 

with a task, fragments of declarative knowledge become compiled into procedures that can 

then be run automatically. The establishment of such skill-based shortcuts bas the 

advantage of reducing the workload of the pilots. The disadvantages of such behaviour 

lie in the potential for inappropriate situation classification, the inability to handle novel 

or multiple faults and in the cost for development and storage of sufficiently large set of 

situations and response procedures to adequately deal with a complex and performance

critica! task environment [Hudlicka and Corker, 1990]. 

• A mental model is defmed as a user' s personal, intemal representation of a domain of 

experience of knowledge, related systems, and the systems operations. In general terms UK 

glass cockpit pilots feit that they have a good level of understanding of the aircraft and its 

systems [McClumpha et al., 1991]. But Sarter and Woods [1994] mentioned that pilots may 

not be aware of the gaps in their knowledge about FMS function. Because the flight 

situations in which probieros arise, occur infrequently and pilots can avoid using the CDU 

whenever a situations gets to complicated or time pressure is too high. Most of the difficulties 

that arise at time critica! situations, are related to a Jack of mode awareness and to gaps in 

pilots' mental roodels of the functional structure of the automation. 
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3.2.3 User skilis 

An unpredicted expansion of air carrier flight 

operations during the 1980s, coupled with a 

decline in the number of available military 

pilots and changes in Federal regulations 

concerning hiring, bas resulted in pilots 

without military experience, often with 

limited aviation background, were hired 

[Billings, 1991]. This bas resulted in a 

situation were different levels of flight skilis 

are represented in the cockpit. 

Experts solve probieros quite differently 

from novices. A novice frrst solves probieros 

by weak, beuristic methods, often working 

backwards from the goal. Successful 

solutions, when repeated frequently, lead to 

the development of domain specific 

production rules and the beginnings of 

expertise. The pilot develops a capacity for 

. ~· 
0 . • 

~) 
"D~n these hooves! I hit the wrong switch agafn! Who 
deSlans these instrument panels, raci:oons?" 

Fig. 3.2 Some user limitations are easy to 

recognize 

more dynarnic thinking. The pilot uses pattem recognition and dynarnic interrelationships among 

objects, situations and results to associate, intergrade and interpret related knowledge instead of 

the statie, linear thinking of the novice [Adams, 1993]. Experts pilots made faster, more 

confident decisions, based on a more rapid and efficient search of available information. This 

becomes possible because experts use [O'Hare and Wiggings, 1993]: 

,.. Integrated conceptual model of a system. 

,.. Knowledge that is ordered more abstractly and more procedurally. 

,.. Information that is more organized, orient it toward their task. 

,.. Knowledge that is related to their objectives and goals. 

The diversity of the pilot expertise makes rule-based operation necessary. The imposition of 

standard rules and standard operation practice can do much to maintain uniform operation 

standards. But humans are no robots. Too much reliance on rules produces both a decrease in 

the situational awareness and an over-reliance on procedures. The point of this is that while 

standard operating procedures are necessary and desirable, they cannot in all circumstances be 

considered a substitute for the human ability airmanship, to act wisely in the conduct of flight 

operation under difficult circurnstances [Billings, 1991]. More abilities like patience, intuition, 

organization, cornposure, decisiveness and coordination are also critica! to safe flight [Collins, 

1989]. The intuition is an interesting point forinterface design because an intuitive pilot is less 
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likely to be surprised and avoiding surprises is a key to flying well. Intuition can he viewed as 

an inferential process similar to ordinary perceptions. That is, intuition does not advance in 

careful, well-planned steps. lt tends to involve responding to situations based seemingly on an 

implicit perception of the whole problem. As with other procedural knowledge, the pilot arrives 

at an answer and acts on it with little or no awareness of the process by which it was reached 

[Adams, 1993]. 

3.3 User profile of the indirect users 

In section 3.1 the distinction is made between direct and indirect users. The direct user profile 

is discussed in the preceding section and this section will describe the profile of indirect users, 

the airlines. This influential group decides whether or not the system will be bought and used. 

Other indirect users like Air Tra.ffic Control, manufacture, maintenance and the passengers stand 

much further from the system and have often overlapping interests with the airlines. Therefore 

discussing of these indirect user groups will notprovide additional information. Only the airlines 

with their cost and quality objectives are listed below. 

Airlines 

A profitable operation is generally the first objective of the normal airline, because nearly all 

operators are under severe fmancial pressure [Abraham, 1990]. To make it possible to fly with 

a pre-calculated costs, the cost index is introduced to the aircraft. 

This ratio which consists of the duration of a 

flight, the consumed fuel of a flight and some 

other cost items. The cost index is mainly 

depending upon the duration of the flight and 

the burned fuel for that flight (figure 3.3). 

Roughly they are two opposites; an aircraft is 

fast and will use more fuel or it is slower and it 

will use less fuel. 

4 

50 S5 60 

FUfht Dura tlon (lllin) 
But there are also other important objectives like 

quality of the airline operation. The subjoined 

pronunciation of the vice chairman of Lufthansa 

German Airlines will illustrate this. 

Fig. 3.3 The calculation of the Cost Index 

The hittemess of poor quality remains longer than the sweetness of a low price. 

[R. Abraham] 

The airline quality can be divided into the following points. 



"" Safety first 

"" Reliability and punctuality 

"" Service and efficiency 

"" Passenger comfort 
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Safety is part of the overall-quality. In a professional, well organized airline, it is inconceivable 

that an airline product could be produced without safety, unless something is radically wrong. 

Civil air transport is still the safest form of mass transportation and that must be kept. 

The following points reliability, punctuality, service and efficiency can be applied to both 

personnel and customers. Quality towards the customers, like passenger comfort, is of course 

important because they bring in the money. The employees of the airline will appreciate a 

qualitative workplace with reliable aircraft and proper training. For the airline, training is 

expensive and time-consuming. Trainees must be paid while in training, time spent in training 

is lost production, and a training staff must be maintained. Air carriers have taken many 

innovative steps to reduce training time while improving the quality of their training programs 

[Billings, 1991]. In spite of the big expenses for training, not or insufficient training is not an 

option, because damage to the personnel, equipment and passengers is even more expensive 

[Lewis, 1990]. 

By the way of closing this Chapter the information of the sections 3.2 and 3.3 are used to 

construct user requirements. The information of the direct users is translated to requirements of 

the direct user (Appendix lila). The requirements that are conceming safety and economical 

matters, are listed in Appendix Illb, requirements of the indirect users. This practical information 

will be used in the interface design. 
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4 Task analysis 

Task analysis is a systematic metbod of analysing human task requirements and task behaviour. 

It is a practical way of ensuring the users perspective is adopted and that the Human Machine 

Interface is designed to support the users actual work activities. 

In a number of task analysis methods, the overall activity of a user is defmed in terms of a task, 

which is broken down into a number of subsidiary component tasks. The process of subdividing 

is allowed to continue until it is impossible or unnecessary to subdivide the tasks any further. 

The bottorn level of the hierarchy would consist of simple cognitive or physical actions. 

With this input it becomes possible to determine an optimum sequence of actions and to reduce 

inefficient or wasteful activity. Task analysis is therefore a useful tool for designing a human 

machine interface and also for training matenals and documentation. 

Firstly in section 4.1, the choice of task analysis metbod will be discussed. The hierarcbic al task 

analysis is explained and applied to the communication taskof an airplane (section 4.2) . With 

the applied task analysis it is possible to allocate tasks to man or machine or both (section 4.3). 

In this part of the Chapter a narrowing is applied to the communication task. 

4.1 Task analysis methods 

Some task analysis techniques are general in their approach, but other methods are directed 

towards specific applications. So it is important to choose the right technique. In Appendix IV 

several different task analysis are described , with their advantages and disadvantages. The 

choice for the hierarchical task analysis is based upon the information from this Appendix and 

the criterions generality, efficiency and validity. 

4.1.1 Selecting the most appropriate metbod 

Astley and Stammers [1987] have suggested three criteria for selecting the most appropriate task 

analysis. Namely generality, flexibility and validity. On the basis of these three criteria the task 

analysis methods of Appendix IV are reviewed and from this a first selection is made. 

• In terms of generality the hierarchical task analysis (HT A) has achieved the highest level of 

acceptance. But still it is very much a case of different approaches being used in different 

disciplines or application areas. 

• The efficiency can be estimated by the number of alterations needing to analyze the system. 

It is system depending, which task analysis is the most efficient. 
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• Determining the validity of any task analysis is an extremely difficult thing. Task analysis 

techniques are unlikely to be fully accepted as theoretically valid by experts. Still two 

methods do have a plus on this selection criterion. That is the formal and semiformal metbod 

by its objectivity and the HT A metbod because it is widely known and used. 

If we take a look to the applications of the methods described in Appendix IV, it becomes 

clear that almost all methods can be used for interface design and interface evaluation. The 

application itself does not give a definite answer, but this data combined with their 

advantages and disadvantages and the above mentioned selection criteria. defined the choice 

for the HTA. Summarized, this task analysis is a clearly, widely used and accepted metbod 

and has the advantages that it is easy to leam and explain to non-experts and flexible to use. 

Unfortunately the HTA has also some disadvantages [Redmond-Pyle and Moore, 1995]. 

... The HT A is system depending, it only considers the current activities of the human 

operator and uses his tasks as a starting point for further analysis. This has a negative 

impact on the design of future systems because it makes the development of new 

innovative systems less likely. 

... The HT A can be wrongly interpreted, the hierarchical representation is often 

misunderstood to be a prescription of task activity rather than a convenient representation 

of tasks. 

To evereome these problems, the standard HTA procedure is adapted for designing future 

systems. It is made system independent and will consicter the current role of machines along 

with the tasks that are currently performed by humans. Designers of a future system are 

completely free in allocating the tasks that were derived form the analysis to humans, 

machines or some combinations of these two [Kirwan and Ainsworth, 1992]. 

The other problem is the misunderstanding of the representation of the tasks. A HT A shows 

no flow or sequence of the tasks, the tasks are independent of other tasks. To evereome this 

the HT A will be complemented by a flow chart to show the sequence of the task 

performance. 

4.1.2 Hierarchical task analysis 

The HTA is a process of developing a description of a task in terms of operations, things which 

people do to achieve goals. The analyst begins by stating a goal that a person bas to achieve. 

This is then redescribed in a main task and a set of sub-tasks [Diaper, 1989]. 

To explain the HTA method, a simple and everyday taskas example is taken, broshing teeth. 

To perferm the task the user bas a goal in mihd, clean his teeth. For doing that it is possible to 

divide the task teeth broshing into sub-tasks like 1. brush preparations, 2. brush teeth, 3. clean 
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up. And to divide those subtasks into smaller subtasks etc. It is good to underline that the 

subtasks of the task analysis are independent of each other and do not represent a flow or 

sequence. 

The top-down task hierarchy can be represented diagrarnrnatically as well as textually, but the 

frrst metbod is more accessible in a glance. The exarnple of the task teeth broshing is represented 

diagrarnrnatically in figure 4.1. 

HT A can be used to deal with specific issues, such as interface design, work organization, the 

development of operator manuals and job aids, training and human error analysis. lt can be used 

systematically through the system life cycle to help designers articulate how tasks should be 

carried out [Kirwan and Ainsworth, 1992]. 

cllliiD teeth 

~j:,.-

1 brush prepanllions 2 brush t88lh 3 clean up 

1.1 1.2 1.3 1.4 3.1 3.2 - take wet put on cleen put PINtl/f 
1IJCChbrulh toothpastB toetilbrush toothpaste toothbrush toothbrush 

2.1 put 2.2 2.3 2.4take 2.5 
toatilbrush move move toothbrush ci8S1 
into mouth uJHiown left-right outofmouth mouth 

Fig. 4. 1 The hierarchical task analysis of the task teeth brushing, represented 
diagrammatically 

4.2 Applying the hierarchical task analysis 

3.3 
put PINtl/f 

toothpastB 

The task analysis for this MFD study is based on the task analysis carried out for the Advanced 

Flight Management System (AFMS) project [Nibbelke et al., 1996]. The AFMS project covers 

a much greater task narnely, Fly from A toB safely and econornically, .while the MFD-analysis 

only covers the comrnunication task and the 

preparation of the flightplan which needs to be comrnunicated. The AFMS task analysis is 

adapted for the purpose of the MFD project using comrnents of the pilots. The resulting task 

analysis is presented in the following sections and figures. 

4.2.1 Top level 

Main goal: Get an approved trajectory that is safe and economical 

This analysis begins with a main goal, get an approved trajectory. During the analysis, it is 
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helpful to have safe and economical specified as the main criteria. This main goal is decomposed 

into tasks and subtasks in a hierarchical manner. Each task is described by a verb and a noun, 

which is the subject of the verb. 

1 Plan Irajeetory 

Planning a trajectory which meets safety 

and economie criteria is the main task for 

which Flight Management Systems are 

designed. Ho wever, some of planning can 

also be carried out on the ground, for 

example the current 'company trajectory' 

or a trajectory which is sent by Airline 

Operations Centre (AOC) and/or ATC. In 

Fig. 4.2 The top level of the hierarchical task 

analysis 

this task analysis the planning takes place on-board of the aircraft using the information available 

on the aircraft. Planning also includes generating alternative plans to evaluate what... if ... 

scenarios. This increases the operational readiness of the system in case the scenario becomes 

true. 

2 Communicate trajectory 

The Air Traffic Managment environment needs to be informed about the intentions of the 

aircraft. The ATM environment can, for the purpose of this study, be interpreted as ATC, AOC 

and other aircraft. 

4.2.2 Intermediate level 

1.1 Get basis information 

The task 'Get basis information' means 

that the pilot and/or the computer has all 

the relevant information about the state of 

the aircraft (intemal) and the environment 

(extemal) 

Fig. 4.3 The intermediale level of the hierarchical 

task analysis 
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including predictions of the state (intemal and extemal) in the future based on current 

information. 

1.2 Get criteria 

For the purpose of generation, a plan based on the criteria the priority of the criteria needs to 

be specified. The priority status can be mandatory criteria or optimisation criteria. In case a 

criterium is hard, which may not be violated under any circumstances, it is called mandatory 

criterium (for example a minimum altitude over a mountain area). An optimisation criterium is 

a goal which should be met as good as possible (for example an optimum flight level). 

1.3 Generale desired Irajeetory 

Taking into account 1.1 and 1.2 many planscan be generated. However, if the actual state and 

especially the criteria are presented consistently one optima! trajectory can be made. It should 

be mentioned bere that sometimes contradicting goals in the criteria (1.2) can not be met by any 

plan. One approach is to makesure the criteria will never be contradictory, another approach is 

to make the FMS explanatory about which criteria are Contradietory and which alternative 

criteria are possible. 

1.4 Evaluate calculated Irajeetory 

Evaluation of the plan compares the calculated trajectory with desired trajectory. Because it is 

possible that some of the desired criteria cannot be met in the calculated trajectory, evaluation 

must be done. The outcome of the evaluation can be positive so that the trajectory is ready to 

sent. Or the outcome is negative andre-planning with new criteria, is necessary. 

2.1 lnform ground 

Communication is a combination of sending and receiving information via a certain medium. 

Informing relates tothesending part where the medium can be Radio Telephony (currently) or 

data link (PHARE scenario). 

2.2 Handle respond from ground 

The receiving part of communication is called handle respönd from ground. 

4.2.3 Lowest level 

1.1.1 Get extern information 

... Get meteo data 

Wind at specified altitude (direction, speed), temperature at specified attitude. 

... Get Automatic Terminal Information Service (A TIS) for the Airport, Runway m use, 

transition level, airpressure information, wind information (directionlspeed/variationlextremes), 

visibility information, temperature (dew point/ground). 
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... Get NOTAM information (NOtice To 

AirMen) 

Additional information which can be 

useful for execution of the flight. For 

example: communication system 

(unavailable frequencies), navigation 

(warnings on unavailable navigation 

systems), airspace use (balloon, parachute 

exercises in the area). 

1.1.2 Get intern information 

... Get Current Position 

Fig. 4.4 The lowest level of the hierarchical task 

analysis 

Latitude and longitude, radial, hearing /distance, altitude or FL 

... Get Aircraft State 

State Vector, non availability of sub-systems (engines/spoilers/speed brakes), fuel information, 

payload information (weight), balance information (centre of gravity). 

1.1.3 Get information about future 

... Get future position(s) 

Latitude and longitude, VOR/radial, bearing/distance, altitude or FL 

... Get future meteo data 

Grid meteo: Consists of wind direction, wind velocity, static air temperature and sea level 

pressure for a column, at each grid point. The data column is related to flight level hight. 

Route Meteo: Is extracted from the grid meteo, it is the grid meteo information along the aircraft 

route. During flight there is also the possibility to request route meteo data from the ground side 

by using data link. 

Airport Meteo: Is meteo for arrival and departure airports consists of QNH and temperature 

values. 

1.2.1 Get trajectory criteria 

... Mandatory criteria: 

Standard Instrument Departures (SID) 

STandard Arrival Routes (ST AR) 

Terrain (e.g. mountains) 

Prohibited airspace 

Restricted airspace 

Boundaries of corridors 

A TC constraints fröm task 2.2 

W eather on location different from the actual position 
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.,.. Optimisation criteria: 

Company route pre-programmed in the FMS 

Preferred waypoints, destination airport, nearest airport 

Preferred flight level 

Preferred time at waypoint 

1.2.2 Get performance criteria 

... Mandatory criteria: 

Maximum take-off weight 

Maximum climb rate based on: anti-icing onloff, temperature, wind, weight 

Minimum and maximum (cruise) speed 

Maximum landing weight 

Maximum bank rate, 

Fuel quantity on board ( calculate in time) 

... Optimisation criteria: 

Never exceed speed 

Stal! speed 

1.2.3 Get cost criteria 

... Optimisation criteria: 

Cost index, this is a ratio of fuel costs and time costs. 

1.3.1 Calculate 2D Irajeetory 

Taking into account the information from 1.2 a trajectory needs to be calculated to meet the 

optimisation criteria as much as possible, while on the same time do not violating any of the 

mandatory criteria. 

1.3.2 Calculate 3D Irajeetory 

Taking into account the information from 1.2 and 1.3.1 a trajectory needs to be calculated which 

it meets optimisation criteria, as much as possible, while on the same time not violating any of 

the mandatory criteria. 

1.3.3 Calculate 4D Irajeetory 

Taking into account the inforrnation from 1.2 and 1.3.1 and 1.3.2 a trajectory needs to be 

calculated which it meets optimisation criteria, as much as possible, while on the same time not 

violating any of the mandatory criteria. 

1.4.1 Gompare calculated Irajeetory to criteria 

This task can be subdivided further (not shown in diagram) into: 



1.4.1.1 Get trajectory criteria 

1.4.1.2 Get calculated trajectory 
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1.4.1.3 Compare 1.4.1.1 to 1.4.1.2, if unacceptable a re-planning will be initiated at get criteria 

(1.2.1). 

1.4.2 Compare calculated performance to performance criteria 

This task can be subdivided further (not shown in diagram) into: 

1.4.2.1 Get performance criteria 

1.4.2.2 Get calculated performance 

1.4.2.3 Compare 1.4.2.1 to 1.4.2.2, if unacceptable a re-planning will be initiated in get criteria 

(1.2.2). 

1.4.3 Compare calculated cost to cost criteria 

This task can be subdivided further (not shown in diagram) into: 

1.4.3.1 Get cost criteria 

1.4.3.2 Get calculated cost 

1.4.3.3 Compare 1.4.3.1 to 1.4.3.2, if unacceptable a re-planning will be initiated at get criteria 

(1.2.3). 

1.4.4 Check trajectory for system e"ors and invalid data 

The pilot currently reviews the flight-plan on the Navigation Display in the PLAN-MODE to 

check for discontinuities. The PHARE-scenario requires a check for discontinuities in all four 

dimension. 

Also database errors can be detected by this task. For example, a way point with co-ordinates 

in China on an European trajectory must be detected by this task. 

The pilot currently also checks the FMS using beuristics (rules of thumb) to see if the system 

does not perform as expected. Examples of the expectations used are: 

... 3 miles = 1000 ft deseend at 3 degrees glide slope 

... Speed (Mach) X 10 = miles per minute 

2.1.1 Send generated trajectory 

Sending all the four dimensions of the generated trajectory, including an identifier of the sender 

and time stamp. 

2.1.2 Receive acknowledgement 

To ensure that the message bas been received by the pilots and that the message is being 

processed some feedback from the receiving party is required (i.e. roger, please wait, message 

bas been sent, message bas been received) . 
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2.2.1 Receive response 

The response from the ground or other aircraft can be different depending on the scenario and 

the circumstances. Possible responses in the PHARE scenario can be: Approved/Cleared 40 

trajectory which subsequently can be flown, amended 40 constraint list or a totally new 40 

constraint list which can be checked by 1.2 plan trajectory. The responses will need to include 

an identifier of the sender and time stamp. 

2.2.2 Send Acknowledgement 

To ensure that the message has been received and 

that the message is being processed some 

feedback from the receiving party is required (i.e. 

roger). In the PHARE scenario it may also be 

necessary to acknowledge that a clearance will be 

accepted or not accepted. 

4.3.4 Flow diagram 

Flow diagrams are a standard means of descrihing 

the flow of a system. Symbols are used to repre

sent different kinds of task elements such as 

decisions (diamond) and actions (rectangle), and 

the sequence of the task is indicated by the flow 

lines. Sequentia! tasks and those invalving 

decision making between several alternatives can 

be effectively represented in this way. 

Fig. 4.5 The flow diagram of the 
communication task 

In figure 4.5 are the tasks of the intermediate level uses to maintain survey. The. tasks are 

executed almost according to the sequence of their numbers. Only where decisions are made the 

sequence can go diverging, the flow lines are indicating this. The ultimate aim is listed in the 

end of the flow diagram and is the same of the task analysis, to obtain a safe and economical 

approved trajectory. 

4.3 Task allocation 

Up to now the pilots and the systems are described as one, in this section the tasks are allocated 

on the basis of the strengths, weaknesses, costs, performances and human factors to man or 

machine or both. The actual task allocation is only performed for the task 1.4 Evaluate the 

calculated trajectory. 

Tasks vary in complexity in physical and mental dimensions. Design aims to create human tasks 
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which are neither too demanding, nor too simple, which may lead to the pilot becoming bored 

[Sutcliffe, 1995]. V ariety is desirabie in any task. Task complexity also has to be matched to 

personnel ability. It is no use giving someone a stimulation yet over demanding task in relation 

to their abilities. A compromise has to be reached which ideally should give people tasks which 

stretch their abilities, thereby eneauraging them to develop new skilis and widen their 

experience, while not going beyond their abilities, as this could cause despair and frustration. 

Each task is allocated to either the computer, the users, or to both. Compared with computers, 

people excel at heuristic, associative tasks but are poor with high volumes of data and repetitive 

checking, calculations and data handling tasks, see figure 4.6. 

Human Computer 

Strengtbs • Powerlul pattem recognition •Responding quicidy to control 

• Powerlul selective attention signals 

• Detecting small amounts of visual, • Doing many complex operations at 

auditory, or chemica! energy once 

• Improvising and using flexible • Storing information reliable and 

procedures permanent 

• Reasoning inductively • Error-free processing 

• Recalling appropriate parts in large • Erasing information completely 

quantity of information which has been • Reasoning deductively 

stored over a long period 

• Capacity to leam 

Weaknesses • Low capacity werking memory • Simple template matching 

• Fast decaying werking memory • Limited leaming capacity 

• Slow processing • Limited data integration 

• Error prone processing 

• Unreliable access to Long Term 

Memory 

Fig. 4.6 Strengths and weaknesses of the human and computer information processing systems 
[Sutcliffe, 1995] 

Allocation can also be based on rules, for example the four rules suggested by Price [1985], 

figure 4.7. These rules are applied in the AFMS task allocation [Nibbelke et al., 1996] and have 

the advantages of taking the fast changes of the computer performances, cost and human factors 

into account. A general disadvantage is the static character of the task allocation, this can be 

solved by different levels of automation, so called dynamic allocation [Hancock et al., 1995]. 

This form of allocation makes it possible to di vide the workload of the pilot per flight phase and 

train both automated and manual operations skills. 
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~ 
Rule 1 Mandatory allocation 

Some tasks have to be allocated to either the human or the machine because of 

prescribed requirements on safety, legal constraints or Iabour constraints (e.g. a 

human must rnaintaio abort control). 

Rule 2 Balance of value 

For each task the man or the machine will be able to achieve a eertaio 

performance level. Several combinations of man and machine performances are 

possible and give different output of performance levels. 

Rule 3 Cost based allocation 

When both the human and machine can achieve an acceptable performance 

there may be cost based reasoos why oot to opt for the highest performance. It 

all comes down to 'value for money' . 

Rule 4 Pilot neeels based allocation (affective and cognitive support allocation) 

If mandatory requirements, human and machine limitations and cost were the 

only criteria for allocation, the pilot may be faced with an incoherent set of 

unrelated sub- tasks resulting in cognitive underload or overload, lack of 

situational awareness, low performance and low satisfaction. The pilot has 

unique needs which need to be recognised. These needs are both affective 

needs and cognitive needs. 

Fig. 4. 7 Allocation ru/es suggested by Price [1985] 

For this thesis it is interesting to look at a task that is performed present day by the pilot but can 

be taken over by the cockpit systems or can be supported by these systems. This bas resulted 

into the allocation of the task 1.4 Evaluate calculated trajectory. The evaluation taskis done at 

the present day FMS systems on a minimum level. The FMS can compare criteria and can check 

the correctness. But when a conflict occurs between the criteria, the pilot is on bis own. 

Before allocating the evaluation task (1.4) a few points mustbetaken into account: 

~ Machines are getting better all the time, increasingly being able to perform certain calculations 

which until recently could not have been automated. In some cases there is even a shift from 

men are better at to machine are better at. The change to 4D navigation is such a trend of 

increased automation, the 4D calculations become too complex for the pilots, through which 

the calculation nearly have to be performed by the system. 

~ The computers can not only do the calculations better but also faster, through this it is 

possible to save time if the right calculation at the right flight phase are performed by cockpit 

systems. 
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"" A disadvantage is that systems can break down, and when they do, a human will have to take 

over the operation of the system and suddenly all tasks are allocated to the pilot. The system 

dependenee makes it that the pilot will rieed to constantly have an up-to-date mental model 

of the system for 'operational readiness' . This increases the training requirements, because 

both automated and manual operation skilis need to be maintained. 

These three points make it that the task 1.4 evaluate calculated trajectory is allocated to both 

the pilot and the cockpit system (the FMS), in which human and computer interact closely to 

achieve the task. All calculations, to perform and support the task, are done by the cockpit 

systems but taking the actual the decision is (still) done by the pilot. The decision can be simply 

pressing the OK button or an extensive verifying of the calculations. Both skilis manual and 

automated will be trained on this way. 

The reason for only high-lighting the task 1.4 evaluate calculated trajectory is to reduce the 

assignment. In the previous Chapters the main idea was to support the pilots in their 

communication tasks. The narrowing that will be used for now on is that the support will only 

cover the evaluation task of a trajectory during the communication. 
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5 Interface design 

After all preparations the actual interface design is discussed in this Chapter. The starting point 

is the requirement, support the pilot in his trajectory evaluation task. This requirement is 

completed with requirements from the outcomes of the preceding Chapters. 

The preparation is the first step described in section 5.1. The design process looks like a 

complete procedure but the interface page bas to undergo many iterative strokes before it will 

be the final interface page. Because of its early stage a selection is made from the information 

that must be displayed on the interface page (section 5.2). How the information is displayed is 

part of the interface layout (section 5.3). Every item will be discussed, with special attention to 

processing the usability dimensions and user characteristics, into the interface items. 

5.1 Design process 

The relationship between man and system must evoke feelings of trust in the user otherwise the 

operation ofthe whole system (man with machine) wil/ not be effective or efficient. One method 

of achieving trust in the system is to base design on user models of the system 's operation and 

produce information and instructions that reflect the goals and expectations of the user 

[ Ovenden and Star, 1995]. Therefore users are draw into the Jour steps of the design process 

of the MFD interface pages; preparations, the paper prototype, the with the computer drew 

prototype and the implementation of the prototype in the interface tooi, Naddes. The practical 

commentary of the pilots on the prototypes, is supplemented with the experience of interface 

experts. The listed jour steps are only a first stroke of iterative designing procedure of the MFD 

interface. 

The preceding Chapters describe the first step of the design process. Remarks of the user are 

processed as much as possible into the user profile (Chapter 3) and the task analysis (Chapter 

4). This information makes it possible to design an interface that is more tuned totheuserand 

therefore it is needed in the following design steps. 

The second step of the design process is the paper prototype. The prototype consists of paper 

sketches of the interface page. This rough way of designing is fast, but not a useful for getting 

commentary on the design. The drawings are too far away from the reality and miss the 

interesting details. Owing to these drawbacks the commands and remarks are broad, unsuitable 

and hard to use. 

The third step is to make the designs with a computer drawing program. The windows 

application, Viso is used for this part of the design process. The drawings are much closer to the 
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reality and contain much detail. Actually toa much, even more than the eventually used interface 

design tooi of step four. Other advantages are the ease of copying and modifying the drawings. 

The drawings are kept intentionally black-white to concentrate only on the layout. Aftera large 

number of different interface layouts and several interviews with pilots and interface experts, the 

design is ready for the last step. 

Step four is the implementation in the interface tooi of the NLR, Naddes. This tool is designed 

by the NLR and is concerning the drawing possibilities a step backwards. The resolution of the 

screen output of Naddes is lower than the paper outputs of Visa. Many detailed information like 

icons were hard to implement, because every item must be drawn point by point and even 

loading anitem is a very time consuming process. So adaptations were needed toprogram the 

interface in Naddes. 

During the Naddes implementation the colour is implemented, existing flight colour schemes and 

knowledge of colour experiments are used to brighten up the interface pages. 

The logic and the dynamics are programmed outside the interface tooi Naddes in the computer 

language C. These two programs must be linked tagether to get the complete interface prototype. 

The last adaptations were made after the iterative step, the presentation of the interface pages. 

Colleagues, pilots and supervisors from the university were explained the whole design process 

and had the possibility to give comments on each step. These comments are processed into the 

interface prototype that is used for evaluation (Chapter 6). 

5.2 Content of the interface 

Before the layout of the interface can be discussed, it is necessary to describe the information 

used in the interface. The information is arranged in three types of messages; conflict, waming 

and evaluation. Each message provides the pilot with a minimum amount of information, by 

answering the following questions; what kind of problem has occurred, why the problem has 

occurred and how to solve the problem. The sequence of the messages is no.t predictabie but 

depends on the output of the fault generator of the FMS. 

To make an inventory of all possible interface messages, the criteria from task 1.2 get criteria 

(trajectory, performance and cast criteria) are tested for conflicts and warnings. The results are 

tables with 336 possible problems (Appendix V). These tables are the starting-point of the 

interface messages. 

In principle all these problems are a message for the interface but only the important messages 

are used to start with. For that reason pilots made a selection based on the chance that the 

problems will happen. Trough this selection the number bas been reduced to 12. This number 

is small enough to keep an overview and it still contains all important conflicts. Therefore it is 

a useful number for the purpose of this study. 
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To arrange the messages, a distinction is made by the consequence of the message contents. 

Three levels of messages are used at the interface pages (figure 5.1). 

• A conflict is a generation failure caused by a problem between two mandatory criteria, these 

are hard criteria, which should not be violated onder any circumstances. If violation happens, 

serious safety problems will occur. The criteria that can cause a conflict are the performance 

criteria and the trajectory criteria. 

• A warning is a problem between a mandatory criterion and an optimisation criterion. If a 

warning occurs the mandatory criterion will be complied with the system but the optimisation 

criterion ( cost criterion) will be violated. This will only have consequences for the cost, not 

for the safety of the flight. 

• An evaluation is a problem between the trajectory criteria of the pilot and the trajectory 

criteria of ATC. The consequences of receiving new ATC criteria are that both the system and 

the pilot have to evaluate the trajectory once more. Therefore this message is called an 

evaluation message. 

Conflict 
Trajeetory - Menclldlxy Critilria 

T~-~ceCrn.rta 

- ExCII8d !he max. talk angle 

- Exceed !he cllmb ~ Dmlla 
• Exceed !he cruise~ 11rn1ts 

• ExCIIIId thl dilcent speed lmlts 

- Exceed !he dlmb ra11m11s 
- Exceed !he dilcent .... Dmlla 

- Exceed !he max. landng Might 
-Usageol-fuel 

T~ • T~ Cltfllrlll 

- Trajlclaly In confilet with SlO/STAR 
·~In conflict wl1h Terrain 

TraJeetOry Generatton 

V 
Wamtng 

TrajectDry • Optimilllllon Cri18ria 

Tl'llllc:bOIY - eo.t Cltlerlli 

-Change of !he Cost lndu 
- Performlrlce crfl8rta close to safety 

margins 

Evaluatlon 

Pileli T~- ATC Tl'llfectOrY 

• New ATC Constrainls 

Fig. 5. 1 The three messages conflict, warning and eva/uaton 

Each of the three messages must contain a minimum amount of information to make sure that 

the interface supports the pilot by making a decision. 

The pilot must know what kind of problem bas occurred, why the problem bas occurred and 

how to solve the problem [Gilmore et al., 1989]. The optimum solution does not only include 
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the procedure to deal with the warning, but also advises of all other actions necessary to 

achieve the optimum state. The provision of advice in this manner allows the crew to see that 

the system bas considered the impact of the recommended actions and that it is responding 

to the situation intelligently i.e. as the crew would if they had sufficient time to consider all 

options. Providing the information on this extensive and intelligent way, will increase the level 

of trust which the crew will place in the system [Ovenden and Star, 1995]. 

-
The sequence of the pages is not predictable. It depends on the output of the fault generator 

of the FMS. The conflict messages have frrst priority to be shown. Foliowed by the warnings. 

So normally the pilot will processes frrst the conflict messages and then the warnings 

messages. But it is also possible that only one warning is generated, or none. Then an OK 

message is displayed and the generated trajectory can be sent down, to A TC. 

The third message type, the evaluation, is shown independent of the frrst two messages. An 

evaluation message will only occur when ATC bas sent new information about the trajectory. 

5.3 Layout items 

The interface pages will have roughly one layout. This way the pilot will recognize the page as 

the MFD-evaluation page. The different types of messages, conflict, waming and evaluation 

messages are recognizable by the title of the interface page. The titles and other layout items 

are discussed in this section, with on the end the interface page as a whole. 

5.3.1 Title 

The title is located at the top of the interface page. 

People start reading at the top of a page [Groner, 

1988], therefore the title is one of the frrstly read 

layout items of the page. The title contains a 

summary of the total screen information and it will 

explain what kind of information is shown on the 

interface page. A good title quickly provides the 

necessary information in a short and easy to read 

sentence. 

The frrst title will explain what the kind of problem 

is between the criteria; a conflict, a warning or an 

evaluation. This message will be complemented by 

TllljecDy glllllllllan tan.d 
Elaldll-. Cline Alliimb 

>-

t 
TIIIIK1arY~....tng Cool·- wil "'*"'"ham 30"' 25 

E ... UIIIIon ATC TllllectOrY 

>- - -R.-HMN -.oer..-
>-

l 
Fig. 5.2 The three different kind of 

titles conflict, waming and 
evaluation 

the sub-titie message(s) of why the problem is occurred. The second title will always contains 

the criterion that caused the problem. 
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5.3.2 Flight plan information 

At the centre of the interface, the flight plan3) information is located. The information is 

represented corresponding to the current information presentation of a flight plan. On the 

moment, the flight plan is a piece of paper that contains the trajectory information and it is 

distributed to the pilots before every flight. The pilots use the flight plan to prepare their flight 

and to program the FMS. The pilots are familiar with this form of information and therefore it 

fits in the mental models of the pilots. 

The flight plan information in the interface contains only the lines that are closely connected 

with the problems. A paper flight plan line consist of ±15 trajectory items4) (figure 5.3). 

Because of the shortage of space and to prevent an information overload for the pilot, a selection 

is made. Strictly speaking the pilots only use four to six items for trajectory evaluation. The 

remaining items are used for (double) checking and comparison. The four flight plan items, used 

in the interface are: 

Position: The name of a waypoint (x,y). 

Di st: The distance between the preceding waypoint and the waypoint on this line, in 

miles. 

GS: The speed of the aircraft with respect to the ground. 

FL: The height of the aircraft, in flight levels. 

E:TO TIME AwY POSITION MOCA MT DISTANC~ GS MACH· FL TMP Tl? 80RN 

EDO~ 0.2 
014 0014 EXIT TOC 071 007l CLB l.O 
000 OOH EXIT ARP 003 0074 410 673 HO M06 35 l.l 
008 0022 85 HMM" 50 337 056 OlJO 403 677 240 M06 35 1.4 

.006 0028 tJBS RKN· 22 297 039 Oló9 403 716 280 M06 34 l.ó 
oos 0033 OSi<O'R 20 no 034 0203 403 71.5 280 M06 34 l..S 

001 0034 TOD 20 275 aas 0208 404 71.5 280 MOS 33 l.8 
002 0036 AATil? 20 275 Ol2 0220 osc 
006 0042 SPL 23 252 032 0252 DSC 

1·]-04 01.0 0052 ENTR:t" EHAM 036 0288 DSC 2.1 

. ·---

Fig. 5.3 A paper flightplan 

These four items form on the left side the pilot trajectory and on the right side the suggested 

trajectory. The presentation of the pilot trajectory is to relieve the memory of the pilot. So he 

does not have to remember his input, but can read it when he needs to know it. The suggested 

trajectory is the how to solve it solution, the system generates this trajectory with taking the 

3l A flight plan is also called a navigation plan. 

4
) The number of items differ trom airliner to airliner. 
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occurring problems and other criteria into account. Thereto this suggestion is an error-free 

trajectory which can be flown, when accepted by the pilot and ATC. The pilot can use this 

suggestion in two ways: 

... As an example, the pilot can use the idea behind the suggestion or use small parts of the 

suggestion. The advantage of this type of use is that the pilot is still in control and can make 

his own trajectory. 

... As the answer to the problems. If the pilot needs a quick solution he can select this trajectory 

and send it to A TC. The advantage is that the pilot can quickly generate a faultless trajectory. 

If an evaluation message occurs, the trajectory on the right of the interface page does not contain 

the suggestion generated by the system, but an ATC trajectory. The ATC trajectory is, in a way, 

a how to solve it solution. Because the pilots frequently (have to) accept the ATC trajectory. 

Sametimes the system can generate more 

suggestions. The safest and most 

economical suggestion will be shown as 

suggestion I. The other suggestions will 

he hidden behind the tab-pages. To see 

these suggestions it is possible to select 

the tab-page and the selected suggestion 

will appear on the page of the interface. 

The lowest tab-page is reserved for extra 

information. This can he ATC information 

I 
>:-

I 
>-• 

J 
I 

1'11111Tr$CSDIY 

I'OSn1C* DOST MACH FL - CIOS 831 MI 

Hllll 0&1 m MI - 031 711 2ID 

OSICUI OM 711 2111 

SUpodanl 

POSITION DIST IW:H R. - CIOS 137 200 

HIIN oa ., 2ID 

FI<N 031 ., .., 
OSICUI OM 715 2ID 

about other traffic or the weather at an Fig. 5.4 Flight plan information and the tab pages 

airport. The future technology and the 

future user requirements will define the exact filling in of this page. 

5.3.3 ETA, fuel and time to decide indicator 

Next to the fixed amount of information about what, why and how to solve the problem, the 

interface provides the pilot additional information about the costs of a trajectory. Currently the 

costs of a flight are indicated by the cost index. This ratio consists of the duration of a flight, 

the consumed fuel intheflight and some other minor cost items (figure 3.3). 

The two important items, the flight duration expressed by the Estimated Time of Arrival at the 

airport (ETA) and the used fuel are displayed on the interface below the flight plan information. 

With the use of two separate items which can be directly interpreted, instead of one complex 

ratio, will achieve a simplification of the task. U sing comparative judgements instead of using 

the absolute judgments like the cost index gives the possibility of reducing confusion and 

crosscheck time [Lynch et al., 1995]. A disadvantage can bethelevel of detail that can become 

beyond the needs of the user or that is of no use to the user, this will increase the workload, 
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serveto confuse and give the user a poor view of the system's ability [Ovenden and Star, 1995]. 

A bardiagram is used to make it possible to read both, the numerical data itself (quantitative 

readings) and any apparent trends (qualitative readings). 

The numerical data is digitally displayed, 

because these displays produce faster 

reading times and fewer reading errors, 

than analogue displays. But digital 

displays do have their drawbacks, 

particularly in dynamic situations when 

the information is often changing rapidly 

[Obome, 1995]. The ETA and fuel 

indicators present only the end values, 

therefore they are not dynamic and can be 

displayed digitally, without causing any 

extra reading problems. In some situations 

>--

n.o.-
~ 
0 15 

Fig. 5.5 The ETA, fuel and time to decide 
indicators 

the pilot bas little time and does not need precise readings. He only needs to register the 

qualitative state of the ET A and consumed fuel. On the bardiagram the pilot can easily see if 

he exceeds the cost index he had established (represented by the vertical line). A second 

application of the qualitative readings is the use as check readings for other trajectory 

parameters. This provides the pilots some extra and quick indication about the quality of the 

trajectory. 

The third bardiagram is a time indicator for the time left to decide. It is not the intention to 

hurry or to stress the pilot. Therefore the bardiagram is not completed with numerical data, and 

will remain a rough indicator. The objective of the indicator is to give the pilot the possibility 

to make a smalt time planning for the tasks he bas to do the flrst 5 to 10 minutes. In this way 

he can perferm bis tasks more efficiently. 

5.3.4 Status line 

At the bottorn of the screen (flgure 5.8), a space is reserved for the status line. In this line short 

help or error messages will be displayed. The messages provide the pilot some extra feedback 

about the werking-procedure of the interface. Other forms of feedback is placed closely to the 

items they belong to. An example of the direct feedback are the temporary change of colour of 

the input controls. 

The messages of the status line are adjusted totheuser's task and level of knowledge. So the 

pilots don' t need to leam new commands. Which will shorten the leaming time [Gilmore et al., 

1989]. The expertise of the users make it possible to keep the line small and it can be placed 

at the bottorn of the page. 
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5.3.5 Buttons 

On the right of the interface page are the five soft programmabie buttons. The number of 

commands is kept as low as possible and every command has its own button to avoid confusion 

and wrong key selections. The command buttons are ordered in frequency of use. The buttons 

on the top-left corner will hardly be used and the button bottom-left at least once per task. The 

number of necessary key selections per task is kept to a minimum to reduce the working time. 

For the same reason the buttons are directly executed when they are pressed. Owing to this direct 

execution it is necessary to have an undo button to rectify the wrong key selection. 

The input of the display can be a touch screen or a touch pad. This allows the user to input 

information in the computer simply by touching an appropriate part of the screen or a touch

sensitive pad near the screen. Touch screen and touch pad can provide a very direct interaction. 

The advantages are that they are easy to leam, have no moving parts, are durable and a touch 

screen requires no extra workspace. The disadvantages are the lack of precision, arm fatigue 

from reaching to the screen (turbulent weather), fingers obscuring detail on the screen and screen 

smudging [Preece et al., 1994]. The lack of precision is minimized by the ne\V generation of 

touch screens. Once they were too inaccurate to permit 

only button pressing, modem high-precision touch 

sereens allow actions such as line drawing, dragging, 

sliding, typing, direction sensing and velocity sensing 

[Shneiderman, 1993]. Reaching to the touch screen 

display is a well-known movement for the pilot, 

because the CDU with keyboard is placed next to the 

MFD. Well-known does not mean that the movement 

is ideal, but it will not give extra problems and it is 

Fig. 5.6 Reach to the instrument 
panel 

within the range of the pilot. A better solution can be the touch pad, this can be placed closer 

to the pilot. 

The size of the buttons are based on touch screen use. The limiting factor is the dimension of 

the fingers that are to operate the buttons. Obome [1995] provides a number of dimensions for 

different parts of the adult human hand. His data suggest that the top of the fmger joints have 

an average with of approxirnately 1. 7 cm for rnales and 1.5 cm for females. 

With this information the smallest buttons are kept to a size of 2.0 x 2.5 cm. The buttons which 

are used more are larger (3.5 x 2.5 cm). Besides the size, an extra space is left between the 

buttons, so it is harder to press the wrong button by mistake, even with turbulence in the air. 

A keystroke on the interface should generatea feedback to the user, to prevent errors [Gilmore 

et al., 1989]. If thè lag in the system from an input (key press) to output (action presentedon 

screen) is minimum, visual feedback can be used. Alternatives are auditory feedback or tactile 
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feedback. Auditory feedback is possible 

because the interface needs a few number 

of key strokes per task. A disadvantage is 

the presence of a new sound in the 

cockpit, being unimportant among the 

warnings and alarms (figure 5.7). This can 

cause an unsafe situation in the cockpit. 

Therefore only visual feedback is used in 

the interface by using a ( temporary) 

change in colour of the buttons. 

Fig. 5. 7 Thpe different meanings of sounds and 
lights at a cockpit 

With the top button, screen option is it possible to make screen adjustments (figure 5.8). The 

pilot can adjust the screen to his personal preferences. With this option the interface becomes 

more flexible in use. The screen options button will be more important in the future, when it will 

become possible to display the flight information graphically as well. At the NLR, people are 

looking into the possibilities for this way of displaying data. This future metbod of displaying 

will give the pilot the possibility to choose whether he wants the flight information displayed 

alphanumerically or graphically. 

The undo button will undo the last action. 

This can be a selection or a command. 

The undo button is indispensable because 

the commands are executed directly. 

There will not be an extra dialogue that 

asks the user if he really wants to execute 

that command. This saves time and extra 

key selections, but introduces an error

chance. 

With the edit button it is possible to go 

back to the edit function. This gives the 

Fig. 5.8 The buttons and the status fine 

pilot the possibility to stay in control and make his own trajectory. 

The flow diagram (figure 4.5) shows that the function edit is a step backward in the 

communication task. The edit sub-task is not further developed in this project so the edit option 

remains inoperative. 

The OK button is to give an approval, acknowledgement to the FMS about the containing 

information. The OK button is only visible if the send button is invisible (unuseable). This 

occurs when the system still contains warnings that must be displayed to the pilot before the 
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trajectory can be sent to ATC. Pressing the OK button will show the wamings and the send 

button will become visible. 

The send button sends the trajectory information to A TC, without asking for an approval. The 

send action can be undone through pressing the undo button. The time available for pressing the 

undo button will depend on the used technology of the data link transmission. 

5.3.6 Characters 

The shape of the characters used in the interface are all the same font, but vary in size. The size 

of the characters is important for the legibility of the interface. Characters that are too smal! may 

be difficult to read, too large and they waste space. This depends on such factors as the reading 

distance, contrast and time allowed for viewing. The cockpit is a smal! workspace, therefore the 

interface is only 80- 90 cm away from the pilots (figure 5.9). This means that the minimum size 

ofthe character must be 4.5 mm. (900 mm/200 = 4.5 mm) [Hawkins, 1993]. The interface fulfils 

this requirement because the smallest character have a height of 4.5 mm and the biggest title 

characters of 7.5 mm. 

The contrast of the characters is kept 

maximum (dark-Iight). According to the 

dark cockpit principle, the background is 

black and the characters are light. 

The time for a pilot can take to a look at 

the interface will depend on the flight 

phase. lt will vary from a quick glance 

until a few seconds. Because the display 

must always be readable, the worse case 

scenario, the pilot has little time, is taken 

as a reference point. 

Fig. 5.9 Typical viewing disfances trom the pilot's 
design eye position to various panels on 
the flight deck of a large jet 
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Fig. 5. 10 The flightplan evaluation interface page 
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5.3. 7 Coloor coding 

The background of all pages is black, which is in line with all cockpit displays designed 

according to the dark cockpit principle. The negative polarity of the interface is, in spite of its 

disadvantages like the possibility of glaring reflections on the screen, generally accepted as a 

colour coding rule in aviation. This is one of the rules for colour coding at the cockpit described 

in a circular of the FAA (Federal Aviation Administration) [1987]. The importance of a 

partienlar rule depends on the task the pilot bas to perform and on the environment in which the 

task bas to be performed. 

The following colour coding rules [Bosch and Bohnen, 1996] are applied in the interface: 

... Use colour to categorize display objects . 

... Use different colours for display objects for which confusion is critica! due to similarity of 

their shapes . 

... Apply colour coding in a way that doesnotconflict with people's stereotypes about colours. 

... Apply colour in a way that is consistent with the use of coloor in the rest of the cockpit. 

white: neutral data 

grey: 

green: 

cyan: 

amber: 

red: 

neutral data 

modifiable/selectable data 

advisory data 

(minor) waming data 

warning data 

... The amount of colours should not be too high to obtain maximum search performance and 

reduce memory load or training requirements. 

5.3.8 Total screen layoot 

Alllayout items are united to one page, represented in figure 5.10. This prototype is used during 

the evaluation session of the next Chapter. 
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6 Interface evaluation 

The evaluation will verify whether the design steps are taken well and will identify issues which 

require flirther study. Thereto it is important to choose the right type of evaluation metbod to 

obtain useful data. This choice is made in section 6.1, where is chosen for ·a task based metbod 

(subjective method) because the interface is still in an early prototype phase. With the help of 

questionnaires, observations and prompted interviews evaluation data can be obtained about the 

variables defmed in section 6.2. 

The results of the four evaluation sessions are listed in section 6.3, this section visualizes the 

problems and their (possible) cause(s), also new ideas or remarks from the subjects are 

described. Because more information is available about the task . support, the opinions of the 

pilots and the use of the evaluation page, adaptations and recommendations are made to in 

section 6.4. 

6.1 Data collection 

The data are colleered with a task based method. This subjective method gives the possibility to 

determine how users tackle the given tasks, obtain more insight in the decision making skills and 

understand the thought that lies behind their behaviour. Because the interface is still in the 

prototype stage with a low level of environment reality, this kind of information is more useful 

than the objective time or error measurements. The subjectively obtained data are both 

quantitative and qualitative of nature. Quantitative data provide some numerical information and 

are colleered from the multi-point rating scale questionnaire. The qualitative data provide some 

depth and detail to the evaluation and are obtained from the observations, open questions of the 

questionnaire and the prompted interview. 

6.1.1 Data coneetion metbod 

The exact form that the data collection metbod takes depends on the aims underlying the 

evaluation. Two broad categones for interface evaluation, can be identified [Preece, 1994]: 

1. Task based method attempts to determine ( subjectively) how users tackle the given tasks, 

where the major difficulties Zie and what can be done to solve the occurring problems [page 

620]. This metbod describes personal thought on the basis of verbalor written data. 

2. Performance based method obtains clearly defined performance measurements from the 

collected data. The most common ( objective) measurements are: frequency of correct task 

completion, task timing, use of commands, frequency of user errors and time required for 

various cognitive activities such as pausing within and between commands or reading or 
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inspecting various areas of the screen display [page 620]. 

The main aim of the MFD interface evaluation is to collect data for improvement of the 

interface. This can generally be divided into a number of sub aims, such as the 

improvement of the task support, the improvement of the screen layout and to measure the 

attitudes of the pilots towards the MFD interface. 

Because the MFD interface is still in a prototype phase with a low level of environment 

reality, it is not possible to use the performance based method. The early design stage of 

the interface, makes it impossible to evaluate a complete communication task. The low 

reality of the task environment will influence the evaluation data in an unpredicting way. 

For example the task times will be based on the use of the prototype and not on the 

interface functioning in the cockpit. The same kind of problem will occur by measuring the 

number of mistakes. An unknown number of the mistakes will be caused by the low reality 

of the prototype. These two examples of what can go wrong by using performance based 

measurements, can be extended to a general remark: that while you may measure 

accurately, the performance based methad may be nota good instrument to measure reality 

[Wilson and Corlett, 1990]. 

Thereto the task based or subjective metbod is used. A few points must be considered to obtain 

reliable data [Henerson et al., 1987]: 

... The response bias, the test person can be biased in bis judgements or have problems with 

descrihing bis thoughts. Sometimes the evaluator can fllter the biased judgements, depending 

on the data collection techniques and the experience of the evaluator. 

... The evaluator bias, he can also cause a bias by explaining or asking wrong things to the test 

person or just by being there in the room. These problems should be avoided by good training 

of the evaluator. He must be capable of giving the right information to the test person, nothing 

more nor less. He also must have the gift to comfort the test persons and create an informal 

atmosphere during the tests. 

Besides of these possible disadvantages of the task based method, there are obvious advantages 

of using this metbod for the MFD evaluation. Because the metbod processes thoughts of the 

subjects into data, it is possible to evaluate selected issues, cases or events in depth and detail. 

These data contain very useful information, like decision making and motivation, a performance 

based metbod will hardly give access to that kind of information [Wilson and Corlett, 1990]. 

Following examples illustrate this: 

... Researchers often wish to assess human decision making skills. They need to know what the 

decision maker was thinking, not just what data were presented and what the resulting actions 

we re. 

... The people have different views of the system. Their perceptions will almost certainly be 
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deeper, more complex and more subtle, and therefore will constitute a valuable souree of 

information. Not only the answer itself is of interest, but the thought and the motivation that 

lie bebind that answer. 

This kind of information is only accessible with task-based methods and therefore this metbod 

will be used for the MFD interface evaluation. An other advantage of the task based metbod is 

the possibility to minimize the influence of the low reality of the test environment. The limited 

task execution is consiclering by using the thoughts of the subjects and not only the questionnaire 

answers. The results, however, can not be generalized to other tasks, users or working 

environments. 

6.1.2 Quantitative and qualitative data 

Quantitative data deal with either user performance or attitudes that can be recorded in a 

numerical form [Helander, 1990]. Scales composed of standardized questionnaire data are 

typically dealt with quantitatively in order to produce statements of the type: 100% of the 

subjects are male. Quantitative data have the advantage of allowing consistent, detailed analysis 

across the users tested, which can be validated statistically, but does not contain qualitative 

richness asthereis no account of individuals' responses, opinions and feelings. 

Qualitative data focus on reports and opinions in a verbal form [Patton, 1987]. Answers to open 

ended questions and notes from interviews are examples of qualitative data. Qualitative data are 

limited to some form of descriptive account of the information gathered. However, in case of 

interpretive studies the data may be very rich and may provide new insights into the way the 

technology is used which will enable designers to produce more appropriate products. 

Both forms of data are used in the MFD evaluation, figure 6.1. The quantitative data will be 

used to translate the measurements into figures. The qualitative data will describe the same 

measurement but in a verbal way, to provide depth in the evaluation. 

6.1.3 Data collection techniques 

Several techniques like observation, questionnaire and interview are used for the MFD interface 

evaluation. Tagether they form a whole that complements one another. On the other hand the 

techniques create an overlap which gives the possibility to verify the data in several ways. 

The best way to fmd out how the MFD interface will support the pilots at their tasks, is to have 

them perform those tasks. Therefor three instructions (Appendix VI) must be carried out, which 
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cover almost all evaluation5) task aspects. The evaluation is catried out at a location 

especially selected for the evaluation, a quiet room with a table and a personal computer with 

a touch screen and the necessary software. 

The observations involve collecting data that provides information about what pilots do when 

they interact with the MFD interface. This is done by taking notes of striking or deviant 

behaviour and interesting utterances from the verbal protocol. Verbal protocols ( orthink-aloud 

protocols) are spoken observations and thoughts, produced by a user while undertaking a set of 

tasks. From the verbal protocol a wide range of information can be obtained [Carroll and Mack, 

1984]. For example the user's planning for the particular task, reeall of cornmands and 

arguments, understanding of the cornmand operations, system responses and error situations. Y ou 

may even get a clue about the subjective feelings about the activity from cornments and the tone 

of the voice. 

This all is recorded with one video camera, because it provides a permanent record to which you 

can return later if necessary. The video is pointed at the screen of the personal computer, so that 

the interface and the finger touches of the subject are recorded. 

After each instructien (tree times) and at the beginning and at the end of the evaluation, a 

questionnaire is taken (the five questionnaires are listed in Appendix vn. The purpose is to 

address users' subjective opinions about subjects like the task support and usability aspects. 

Two types of question structures are used: open questions, where the test person is free to 

provide his answer and closed questions, where the test person is asked to make a choice from 

a multi-point rating scale. There is chosen for a five point scale with a neutral region in the 

rniddle, this will give the subjects the possibility to have no opinion about a question. For this 

evaluation is expected that it will not cause too much 'neutra!' data, because of the good 

motivation of the subjects (see the section 6.1.4) and because they must explain their opinion 

inthethink-aloud protocol. The answers, however, might decline towards the positive side of 

the scale. The biases of section 6.1.1 and the theory of the cognitive dissonance6) confrrm 

this. 

The fmal data collection technique that will be discussed, is used for clearing up indistinctness 

and interesting remarksof the think-aloud protocol. A prompted interview is used to draw out 

more information from the test person. Typically, the interviewer will resort to such tactics as 

S) The evaluation is bere mentioned as a sub task of the communication task. Like making comparisons and decisions about 
(parts of) the pilot or/and ATC trajectories. 

6) The theory claims that a person will try to reduce his psychological uncomfort (dissonance), by changing bis actual private 
attitude to the situation. For example a subject that only eam one dollar will change bis attitude, because of the small payment. 
But a twenty-dollar subject will notchange his private opinions, because of the high payment, expressing hls (negative) opinion 

will not cause any guilt feelings [Festinger, 1957]. 
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saying ' ... and can you tell me a bit more about that...' or ' ... and what do you mean by .. .'. 

This section is summarized in tigure 6.1, the used data collecting techniques observation, 

questionnaire and prompted interview, are mentioned with their kind of output data. The 

responses obtained by the rating scales of the questionnaire, are converted into numerical valnes 

and analyzed statistically. The responses of the open questions are combined with the other 

qualitative data of the observations and the prompted interview. These qualitative data are 

analyzed categorically into remarks about specific subjects. 

Questionnaire Observation Prompted interview 

Quantitative data . 
Qualitative data . . . 

Fig. 6. 1 The used data col/eetion techniques and the type of data they create, all gathered on 

a subjective way 

6.1.4 Subjects 

The pilots are not randomly chosen, but selected from a list of pilots who volunteered to do 

experiments at the NLR. The fact that they volunteered confrrms that the pilots are extra 

motivated to improve their work environment. Two of the pilots were even more motivated 

because they had already some experience with interface design and cockpit automation at 

workgroups of their airline and by participating in internet discussion groups. 

The number of the sample is small, only four. This bas two disadvantages: 

... The generalization is poor to other subjects. 

... The statistically analyzed quantitative results have limited sciential value. 

In spite of this limitation some statistica! calculations are performed on the data, like the mean 

and standard deviation. The statistica! data must be interpreted as an indication of the test results. 

The aggregation of the data of the four subjects to one mean must provide some overview about 

their opinions. Only the combination of the four opinions can give a global idea about the 

interface. This is the reason why the mean is calculated in spite of its minimum statistica! value. 

6.2 Defmition of the variables 

The variables are drew up, referring to the design model of Hix and Hartson [ 1993 ]. The design 

phases of the model are corresponding with the Chapters of this 

thesis, through this it is possible to keep this sequence for listing the variables. 

V arious design modelS ensuring that users can get involved in design and that different kinds 

of knowledge and expertise can be brought into the design. But the 'star life cycle' of Hix and 
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Hartson [1993] encourages iteration by the central standing evaluation part (figure 6.2). It also 

provides opportunity for reflection on the results of user testing and consideration of what the 

design alternatives could be. 

Such as Chapter five describes, every 

design phase is (limited) evaluated by the 

users. With the prototype it is possible to 

evaluate more extend, with more users 

and more evaluation subjects. The design 

preparations like usability, the user profile 

and the task analysis are also part of the 

evaluation. Therefore the variables are 

referring to the preceding Chapters and 

the star life cycle model. The variables 

serve for the definition of the questions or 

P1 OIOIJ'IIinl 

Tuk Anlllysla 

Fig. 6.2 The star life cycle (adapted form Hix and 

Hartson, 1993) 

are observation items. Through asking several questions about one variabie on several points of 

time in the evaluation, some checking on the consistency of the answers is possible. The 

evaluation will verify if the steps are taken well and will identify issues which require further 

study. 

This is a general remark conceming this section, the variables are printed bold and the questions 

that represent the variabie are printed below the variable. All the questions have a multi-point 

rating scale, except the open questions which are preceded by this mark <open>. The questions 

under each variabie marked with <end>, are asked after the three instructions. So these questions 

will provide a complete picture of the variables. 

6.2.1 Direct user profile 

In Chapter three the user characteristics are defined in the form of a user profile. Questionnaires 

of Warrens research [1992] with over one hundred respondents showed a few characteristics of 

the pilots. Some of these pilot characteristics are also used as variables of the 'MFD 

questionnaire'. The questions like age, experience and company are supplemented with some 

questions of opinions about present-day and future cockpit automation. There are no 

measurements or questions about the user capacity, because of the small scale of the evaluation. 

Age: 

Sex: 

Experience (total amount of flight hours): 

Type of aircraft: 

Company: 



-60-
TR 96567 L 

Farniliarity with computer I cockpit automation. 

Do you use a computer at home? 

I do understand the cockpit automation. 

I can predict the results of the FMS system. 

Opinion about present-day cockpit automation (FMS). 

Cockpit automation impraves the situational awareness of the pilot. 

The FMS quickens the working-method. 

Cockpit automation decreases the workload. 

Cockpit automation causes errors. 

The different cockpit systems differ in use from each other. 

The difference between the cockpit systems cause confusion. 

Opinion about future cockpit automation (FMS). 

Do you want to fly with the extra time dimension? 

How do you feel about automation support during trajectory generation? 

How important is the cost aspect in the future? 

How close to the performance limits will be flown at the future, with more specific performance information ? 

<open> What will become an important aspect in the trajectory evaluation in the future? 

Opinion about touch screen. 

What is your apinion about using a touch screen for cockpit systems? 

<end> Touch screen is a good input method for this interface. 

Have confidence in cockpit systems. 

<end> I can trust presented system information. 

6.2.2 Task support 

The task analysis of Chapter four is originated by the help of pilots. Y et in the questionnaire 

several questions are included about task support, because the pilot actually performs (a part of) 

the task from which new information could be obtained for the task analysis. Task support is 

also an important variabie for the observation and prompted interview. The variables and the 

matching questions are presented below. 

Needing flight plan information. 

Which of the flight plan items are important for trajectory evaluation? 

Needing ATC evaluation items. 

Which information do you definitely want to have, to decide whether or not you accept the ATC trajectory? 

Which 'extra' information do you need to evaluate the ATC trajectory? 

Would you inspeet the uplink of ATC? 

<open> In what situation(s) would you directly acceptarerouting of ATC? 

Needing evaluation information. 

What kind of information do you use while making your decision? 
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What information does turn the scale by taking your decision? 

<end> Is it important to consider the Cost and performance parameters at the evaluation of the trajectory? 

<end> <open> What kind of information can also be important? 

6.2.3 Usability 

Usability is defined in the second Chapter as the effectiveness, efficiency and satisfaction with 

which specified users achieve specified goals in particu/ar environments. The three usability 

dimensions are used as variables, herewith the dimension effectiveness is divided into speed, 

accuracy, learnability and flexibility. This classification is an exact copy of the defmitions in 

Chapter two and Appendix 1: the usability checklist. The usability variables are mainly used for 

the questionnaires. Although some variabie like the accuracy is also used as an observation 

subject. 

Effectiveness 

.. Speed 

Look at the screen and teil what the fastest way is to get an approved trajectory. How fast is this? 

<end> This system makes it possible to decide faster . 

.. Accuracy 

<end> This system confuses me in making a decision. 

<end> The system decreases the situational awareness of the pilot 

.. Learnability 

Describe how to make a totally different/new trajectory. Is this easy to leam? 

Look at the screen and do teil what the indicators (ETA and Fuel) indicate. Do you understand the indicators? 

Describe how to select a trajectory. Is the selection clear? 

<end> This system is hard to leam . 

.. Flexibility 

The time to decide indicator helps me to arrange my work flexible. 

<open> Why? 

<end> This system makes it possible to work more flexible. 

Efficiency 

I think it is necessary to wam fora change of the Cost Index? 

I think it is necessary to wam for performance changes? 

At which of the foilowing flight phases will you have enough time to consult the second suggestion (Suggestion 

2). 

At which of the foilowing flight phases will you have enough time to consult the third suggestion (Suggestion 3). 

<end> This system makes it possible to work more efficient. 

Satisfaction I Attitude 

. The non-realistic information did bother me during the experiment. 

The non-realistic flight and system environment did bother me during the experiment. 
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I am not used to the PHARE definitions. 

Must you remember a lot of information while making a choice? 

The time to decide indicator gives an extra pressure on me. 

<end> I want to use this system at my cockpit. 

6.2.4 Layout 

The actual screen layout is described in Chapter five and is part of the questionnaire. The layout 

items are used as variables and questions about onderstanding and use of the layout items are 

asked. 

Titles 

Did you read the titles on the screen? 

Did you understand the titles? 

Reeall the waming title, the message was: The cost index changes into: 

Trajeetory 

Which trajectory is the one modified by the pilot? 

Which trajectory can be send inunediately to A TC? 

Can you find the information in the trajectories? 

Would you like to scroll through the trajectories. 

Tab pages 

The tab pages are easy to use. 

ETA, Fuel and Time to decide indicator 

Do you understand the ET A indicator? 

Do you understand the Fuel indicator? 

Do you understand the Time to decide indicator? · 

Message line 

Do you need any form of help or system feedback? 

Did you read the line at the bottorn of the screen, the status-line? 

Did you understand the messages at the status line. 

Buttons 

The touch screen buttons are: 

The following conunandos are: 

Colour use 

What does the colour orange I amber mean to you? 

What does the colour red mean to you? 

<open> What does the colour cyan mean to you? 

<open> What does the colour green mean to you? 

<end> The use of different colours in one text is: 

<end> The colour use shows resemblance with other cockpit systems. 



Character 

<end> The size of the characters are: 

<end> The font of the characters are: 

6.3 Evaluation results 
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The results of jour half days of evaluation are jour questionnaires, a small scratch-pad of notes 

and 12 hours of video tape, this is all processed into this section. Of all multi-point rating scale 

questions, a separate mean and standard deviation is calculated. Also qualitative data are 

analyzed into remarks to complement the quantitative information. All questions are elaborated 

in Appendix VII, but only the interesting evaluation data are discussed in this section. 

The data of the questions and remarks are grouped in the various variables, based on the di vision 

of section 6.2, not on a statistica! procedure like the factor analysis. This is done intentionally 

because of the small number of subjects, which makes statistica! analyses impossible. 

De sequenc~ of the sub-sections is the same as section 6.2. In a sub-section the quantitative data 

are frrstly discussed. Single questions or the complete variables are described in words and 

pictures. The notation of this data coming from the questionnaire, bas two notations . 

... Firstly, [m.mm (s.ss)] where m.mm indicates the mean, withits limits betweenone and five 

(1= negative ... 5= positive). Foliowed by the standard deviation, noted as s.ss between 

round brackets. By figures like figure 6.4 only the mean is presented because the pictures have 

only an illustrative value . 

... Secondly, a table of the number of pilots that have chosen this item, like figure 6.5. 

The quantitative data are supplemented with remarks of the qualitative data, in the form of literal 

remarks or grouped and rewritten remarks from the subjects or observer. 

6.3.1 Direct user profile 

The subjects are quite young, three pilots are 30 or younger and only one pilot is 45 years of 

age. They are all male, this confirms the findings of Chapter 3, flying is still a male profession. 

For such a young group the pilots are experienced, they have a mean of 4625 flight hours. The 

pilots are all employees of Dutch airlines. The pilots are flying various types of aircraft, like the 

B737-300, B747-400, A310, MD-11, and a DC-10. 

A ge 33.50 (6.87) 

Sex 100% male 

Flight hours 4625 (2257) 

Fig. 6.3 A tew personaf characteristics of tour dutch airfine pilots. In the second column the 
means are presenled with, between the brackets the standard deviation 
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The group is familiar with computers and automatization [3.92 (0.27)]. Two of themareeven 

very experienced with the personal computer at home, but cockpit automation is still difficult 

to understand, because of its complexity. The opinion about the present-day cockpit automation 

is slightly positive [3.51 (0.22)], but they do expect a lot from the future cockpit automation 

[4.38 (0.41)]. The pilots are convineed about the growing importance of the time and cost 

aspects for future flights (figure 6.4). 

Remarks 

• The pilots are reasonably content with 

the present-day cockpit automation 

(FMS). In the future, the pilots will 

depend more on the cockpit automation 

because the calculations cannot be done 

by mental arithmetic. This is a trend 

that can not be stopped and pilots put 

up with this thought. The pilots will in 

Familiarity with computer I 
cockpit automation. 

Opinion about prasent-day 
cockpit automation (FMS). 

Opinion about future 
cockpit automation (FMS). 

Have confldence in cokpit 
systerns/data. 

3.92 5 

3.51 5 

4.38 5 

3.00 5 

spite of the great dependenee of Opinion about touch screen. 

automation output, always have a 

healthy distrust in the information and 

cernpare it to other instrument 

information. 

3.38 5 

Fig. 6.4 The opinions about pressent-day and 
future cockpit autornaion (FMS) 
[1= negative ... 5= positive] 

• In spite of this positive thought about future cockpit automation, the pilots are sceptica! to 4D 

navigation. Because of the extra time dimension, little decision space is left for the pilots. 

The programmed flightplan will mostly be flown without any deviations. One of the pilots 

literally said: 'It takes a lot of creativity from my job away' . 

• The pilots think positively about touch screen in the test environment, but they are reluctant 

to use touch screen at the cockpit. The reason for these doubts are the problems that will arise 

in turbulence and the fact that they are used to the use of physical knobs. Owing to this touch 

screen in its totality as an input method, is marked moderately. 

• [Remarks from the observer] The pilots are very eager to leam. Two of the pilots did try out 

every part of the interface. Everything was tested for the most strange situations. This caused 

a lot of explaining by the observer. The other two pilots just tried to carry out the instructien 

as good as possible, and they did that very fast and smoothly. 

6.3.2 Task support 

On the question: How do you fee[ about automation support during trajectory generation? all 
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pilots answered positively [4.75 (0.50)]. They do need help from the system because it is 

mical trajectory. impossible to mentally calculate a safe and econo 

The pilots were asked to select flight plan items th at do support the evaluation task. The bold 

used items at the trajectory evaluation. FL, 

that are used to get an overview of the future 

n of the flight consequences. 

printed flightplan items of figure 6.5 are the most 

Position and the Mach/GS are the flightplan items 

flight. Bumed fuel and ETOIET A give an indicatie 

These flightplan items will also return in figure 6.6 

trajectory evaluation and pilot trajectory evaluation 

as important information items for the A TC 

tasks. 

I Number I Flightplan ite ms 

4x Flight Level (FL) 

3x Bumed fuel 

3x ETO /ETA 

3x Mach I Gro und Speed (GS) 

3x Position 

2x Distance 

2x Moca 

I x Temperature (TMP) 

1 x Time 

1 x Magnetic Trac k (MT) 

Ox WY) Airway (A 

Fig. 6.5 The flightplan items needed tor the trajecto 1}' evaluation tasks. The first column contains 

e second column mentioned, flightplan items the number of pilots (n=4) who use the, in th 

The first column of figure 6.6 shows that for prep 

information. Almost all information items are cons 

based on the two figure indicators of the ETA and 

aring the evaluation a pilot needs a lot of 

ulted. The actual decision, column two, is 

Fuel. The third column shows that for the 

ATC evaluation task also the ETA and Fuel indicat ors and some flightplan items are frequently 

used. 

The subjects fmd the titles an important informati 

decision on the titles. But at the same time the titles 

on item, two of the pilots even based their 

were not always read and certainly not well 

e pilots [3.50 (1.29)]. read (3.00 (1.41)] and are not always obvious to th 
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Pilot trajectory Pilot trajectory ATC trajectory Information item 

(preparation) n=4 (decision) n=4 (decision) n=3* 

4x 3x 2x ET A figure indicator 

4x 3x 3x Fuel figure indicator 

4x 1 x 2x Flightplan (Flight Level) 

4x 1 x 1 x Suggested trajectory 1 

4x 1 x 1 x Suggested trajectory 2 

3x 1 x 1 x ET A beam indicator 

3x 1 x 2x Fuel beam indicator 

3x 1 x Ox Flightplan (Distance) 

3x 1 x 1 x Flightplan (Mach/GS) 

3x Ox 2x Flightplan (Position) 

3x Ox 1 x Pilot trajectory 

3x 2x ** Ti ties 

2x Ox Ox Time to decide indicator 

Fig. 6.6 The first column contains the number of pilots that need that information item during the 
preparation of the pilot trajectory evaluation task. The second column contains the 
number during the final decision stage of the pilot trajectory evaluation task. The third 
column contains the number of pilots that need that information item during A TC 
trajectory evaluation. The last column contains the information item itself. 
* One pilot gave the answer that it wil/ depend on the situation, so actually three subjects 
did answer this question. 
** This item is not available in the answer categories tor that question 

Remarks 

• The ET A and Fuel indicator are often used for the evaluation task and are important items 

because they give the result of the trajectory. The pilots have most confidence in the figure 

indicator because they are used to figures. The bar indicator is a pleasant completion of the 

mark indicator. It is used as a second information souree and it is more intuitive to use. 

• The five most important flightplan items (figure 6.6) were already used in the interface for 

pilot and A TC trajectory evaluation. This way the interface had the small limitation that it 

could only display one speed, the Ground Speed (GS). During the evaluation it appeared that 

it is necessary to switch between Mach and Ground Speed. Mach is used for (pre) flight 

preparation and ATC instructions. The Ground Speed will become more and more important 
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because the calculations of slot times are based upon this speed. When 4D navigation is used, 

time becomes even more important. 

The pilots react positively on the use of information items from a paper flightplan. They 

directly recognize and understand the meaning of the information. Only the flightplan item 

Buro (Bumed fuel) did cause some problems, with certain pilots of one airline. The origin 

of this confusion has coming from the fact that the item will change (August 1996) into fuel 

remaining. The fuel remaining gives the pilot exact the information which is needed during 

the flight. Namely, he must know how much fuel he has left to estimate the remaining 

duration of the flight. This change of fuel indication is better tuned to the needs of the pilots. 

lt is a simple example of how information must be adjusted to the tasks of the pilots. 

• Figure 6.5 shows that two pilots use height information (MOCA: Minimum Obstacle 

Clearance Altitude) during the evaluation. In the prompted interview the pilots do extra stress 

the need of this information. They have seen that databases can provide this, so they are 

waiting for this to happen in the cockpit. 

• When time is available, the time can be used by the pilots to accomplish a good picture of 

the available information. They even wish to consult a second or third suggestion during the 

climb and cruise. During the other flight phases the amount of information must be as low as 

possible especially during takeoff, approach and landing. 

6.3.3 Usability 

Figure 6.7 shows that pilots are reasonably content with the speed of carrying out the tasks [4.07 

(0.97)]. One pilot finds the fastest way of sending a trajectory, two key strokes, toa fast. The 

time is toa short for complete comprehension of the send information. 

One pilot said: 'Cockpit automation has its effect on accuracy on both sides, it causes errors 

and it prevents errors'. Outcomes of the questionnaire tells us that this specific application of 

the MFD interface should mostly prevent pilots from making errors [4.13 (0.41)]. 

Almast all parts of the interface are easy to leam. After a small introduetion the pilots could 

easily execute the instructions. The important task, send a safe and economical trajectory to 

ATC, is marked easy to leam [4.50 (0.87)]. The task parttoedit in a trajectory, is even easier 

to leam [4.75 (0.43)], in spite of the limited possibilities to execute this. Only the bumed fuel 

indicator did cause some confusion, because of the change into remaining fuel. Still bath 

indications ETA and bumed fuel are easy to leam [4.38 (0.65)]. 

All three usability dimensions are judged well by the subjects. Efficiency is even judged very 
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well with [4.75 (0.25)]. In the questionnaires efficiency Effectlveness 

is defmed as the difficulty needed to fmd the right and 

necessary information. Because of the prototype stage, 

it was not possible to ask the efficiency of a complete 

task. 

The variabie 

satisfaction 

contains 

questions 

a bout the 

influence of 

the prototype 

stage on the 

M F D 

interface. It 

appeared that 

Effectiveness 
4.08 

Efficiency 
4.75 

Satisfaction I Attitude 

4.20 

Fig. 6.8 The three usability 
dimensions effectiveness, 
efficieny and satisfaction 

5 

5 

5 

[1= negative ... 5= positive]. 

Speed 

4.07 5 

Accuracy 

4.13 5 

Leamability 

4.40 5 

Flexibility 
3.75 5 

Fig. 6. 7 The ustability di mension 
efectiveness divided into 
speed, accuracy, learnability 
and flexibility 
[1= negative ... 5= positive] 

nobody thought that he was negatively influenced [4.75 (0.14)]. 

The last question of the questionnaire was: Do you want to use the MFD interface at your 

cockpit? All pilots answered positively [4.50 (0.50)]. This is conform to the high valuations of 

the usability dimensions of figure 6.8. 

Remark 

• Because the time to decide indicator was not running down in the prototype, the pilots did 

not experienced much of a pressure from it. The negative part of this is that they did not use 

or even consider the indicator for (re)planing the tasks. But if it works properly and the pilots 

have to perform several tasks combined, they think they would use the time to decide 

indicator. 

6.3.4 Layout 

Roughly speaking the layout is positively valued by the subjects, figure 6.9. Some of the layout 

items are already discussed in preceding sections, therefore the titles and the indicators are not 

reviewed any more. The layout items that are not exhaustively mentioned are reviewed below. 

Although the trajectory and the flightplan information items have had positive marks, the pilots 

fmd it sametimes difficult to quickly find the changed information [3.25 (0.95)]. 

A kind of contradiction is occurring in the evaluation data of the message Iine. The pilots do 
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not read the message line [1.50 (1.00)] but 

they do onderstand the text of the message 

line [5.00 (0.00)]. Perhaps the explanation 

lies in the fact that some pilots do not 

want a message line for the FMS system 

[1.75 (0.96)]. 

De size of the buttons and the commands 

on the buttons are good [4.50 (1.0)] and 

understandable [4.50 (0.23)] . Only the OK 

button caused some problems and 

misonderstanding [3.00 (2.31)]. (See also 

the following remarks.) 

The font of the characters are legible, but 

certainly not very well legible [3.00 

(0.82)]. Besides the moderate 

readableness, the size of the characters are 

found a bit too small [3.50 (0.57)] (1= too 

big and 5= too small), by some of the 

pilots. 

Remarks 
• The working-method of making an 

extra confirmation, by pressing the OK L.ayout 

button, is not logical to some pilots (2 3.99 5 

out of 4 do not onderstand it). They 

look at the OK button as it is a 'send' 

button and hardly read the warning 

message behind the OK button. The 

Fig. 6.9 The means of the layout items separately 
and the layout summoned into one mean 
[1= negative ... 5= positive]. 

warning must be visible earlier, at the same time with the frrst screen. This way it is possible 

to consider the warning from the beginning of the evaluation task. 

• The use of colours is consistentand helps the pilots by reading the interface [4.75 (0.5)] . But 

the colour schemes of the different types of aircraft differ from each other and there is no 

possibility the MFD interface will fit in all types. Thereto a variabie colour scheme could be 

the solution. The aircraft manufacturers will have the possibility to adapt the MFD interface 

to the colours used in their aircraft. 
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6.4 Recommendations for further design 

In the previous section the evaluation results are discussed, these results can be used for further 

design. Because there is now more information available about the task support, the opinions 

of the pilots about the evaluation page and the use of the evaluation page, a smal/ start is made 

with the redesign of the task analysis and the evaluation page. This is supplemented with ideas 

and recommendations for further design. 

6.4.1 Task analysis 

A clear result of the evaluation is the answer to the question in section 4.4: 'Which task must 

be allocated to the system and which task must remain to the human supervision?'. The answer 

of the pilots is that the trajectory evaluation is too difficult to perform by humans only, the 

system must provide the pilot some support. Besides that the pilots know that cockpit automation 

will become more and more important and put up with this thought. They trust the cockpit 

automation information, but they need additional information to check it. They see the system 

as a black box and are mainly interested in the input and the output of the cockpit systems. 

So task allocation of 'calculation' tasks to the system is very well possible. This statement is 

confmned by the artiele of Davies [1995], where the crew immediately accept for the machine 

to take responsibility of fuel and time calculations, but fairly unanimously resist to a system that 

is also responsible for the position defmition and display monitoring. This indicates that the 

ultimate responsibility must remain with the pilot. 

The task analysis of Chapter 4 is of a limited scope to provide the overview of the several tasks. 

For the actual design it is useful to have more details about the tasks. For example, descriptive 

information such as the purpose, action, potential errors, information requirements, skill 

requirements and decisions associated with the task. In addition more quantitative information 

including workload, time to perform, error rates, level of difficulty or importance can also be 

added. In spite of the difficulties that will arise by defming all these additionals to the task 

analysis, it bas the advantage of adapting the design better to the users' needs and it provides 

a useful framework during the evaluation of the interface page. The great amount of additional 

information can be processed with the help of computer programs such as expert systems and 

databases. An example is described in the · artiele of Clark et al. [1995], in which they use an 

expert system to analyze design and task allocation options in order to propose a solution which 

promotes effective human performance. 

Below, the task 1.4 Evaluate calculated trajectory is elaborated more extensively than in Chapter 

4. Problems occur quite fast with the recording of data, like the task times and workload. 

Because quantitative task data are, until now, not used for this study, there was no information 

available. Only descriptive information like purpose, input, output and decisions is added to the 

task analysis. Also the structure is adapted more to the way tasks are performed (figure 6.10). 
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1.4 Evaluate generated trajectory 

.,. Purpose: Take a decision about the 

trajectory (accept, reject or 

edit). 

... Input: 

... Output: 

- Task 1.4.1 Evaluate flight 

plan information 

- Task 1.4.2 Evaluate pilot 

trajectory 

- Task 1.4.3 Evaluate ATC 

trajectory 

A trajectory that will be 

I 

1.4.1 

evaluate 
fligh1plan 

in formation 

1.4 

evaluate 
generateel 
tJ$ctOry 

I 
I I 

1.4.2 1.4.3 

evaluate evaluate 
pilot ATC 

traj8ciDiy trajecttory 

u s e d f o r f u r t her Fig. 6. 10 

negotiations. 

The adaped analysis of the 
evaluation task, the structure is 
more adapted to the tasks 

1.4.1 Evaluate flightplan information 

.,. Purpose: Gather flightplan information. 

... Input: - Titles 

- Flightplan items 

- Result indicators 

- Flightplan suggestion(s) 

... Output: To obtain an overview of the flight plan(s) . 

... Decisions: -Is the fightplan safe enough? 

- Do I have enough fuel? 

- Can I fly this flightplan? 

- Does the flightplan come up to my expectations? 

- Which of the flightplan(s) drop out for further evaluation? 

1.4.2 Evaluate pilot trajectory 

... Purpose: Take a decision about the pilot trajectory (accept, reject or edit). 

... Input: - Result indicators 

... Output: A good pilot trajectory that can be used for further negotiation . 

... Decisions: - Are the cost low enoughlwhich is the cheapest trajectory? 

-Is the ETA acceptable/which is the fastest trajectory? 

- Accept the suggested trajectories or edit the pilot trajectory? 

1.4.3 Evaluate ATC trajectory 

... Purpose: Take a decision about the ATC trajectory (accept, reject or edit). 

... Input: - Reason 

.,. Flightplan items 
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- Result indicators 

... Output: A good ATC trajectory that can be used for furtber negotiation . 

... Decisions: - Is tbe problem (reason) solved well? 

- Are tbere different solutions possible? 

- Acceptor rejectiedit the ATC trajectory? 

The last remark towards tbe task analysis is tbe not yet included flight phase dependence. The 

evaluation data show tbat pilots only have tbe time to perform the evaluation task during climb 

and cruise. During tbe otber flight phases other tasks must be performed which can be supported 

by otber information items. A task analysis per flight phase can provide more detailed 

information. 

6.4.2 Interface page 

For tbe adapted interface page is chosen fora new input metbod because touch screen and touch 

pad do not have preferences of the pilots. From NLR-research the trackerbaH did gain some 

confidence, pilots were quite positive about it and did prefer it above the touch screen. Using 

a trackerhall has tbe advantage of steady input metbod (eventual with an arm support) that can 

be mounted nearby tbe pilot. Also tbe buttons and input fields can become smaller, tbrough tbat 

the information field can become bigger (figure 6.11). 

In the adapted interface is tried to bring the information items togetber. Owing to tbis tbe 

interface has only one page, witb a bigger amount of information but well structured. The more 

logical structure must provide direct access to all information. Example is the presentation of tbe 

failures and warnings under the conceming trajectory, instead of on the next page. 

The result indicator fuel it is changed to fuel remaining and tbe reading is changed. Both 

indicators ETA and fuel remaining are changed into the more appropriate information format 

towards the pilots. Outmost left of tbe indicator represents tbe point were the aircraft is right 

now. The first vertical line is a depietion of the airport. The number before the line is tbe time 

or fuel needed to reach tbe airport. The number after the line is tbe time of arrival or tbe fuel 

remaining at the airport. 
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The adapted interface has the possibility to switch from GS to Mach and reverse. This makes 

the flightplan information much more accessible. The same principle can be used to all flightplan 

items. This way the interface can be adapted to the flight phase. 

Further investigation must be done to the possibility of displaying the flightplan information 

graphicly, completed with the (surrounding) heights, this would correspond more with the 

requirement of making less mental transformations. 

Figure 6.11 provides an idea of a possible layout of the interface page. It needs further 

(re)designing and a new evaluation before it is possible to state that this is a better layout. If this 

iterative step is done and the evaluation results do comply with the requirements, than the whole 

system behind the interface page must be designed. This study is only a small part of the total 

development of the evaluation page for the Multi Function Display. It is still a long way before 

the interface page can be implemented in the cockpit. 

Fig. 6.11 The adapted interface page. The colours slightly different whith the interface on 
the screen 
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7 Discussion and conclusions 

The objective of this study is the design of an interface page that supports the pilots with their 

flightplan evaluation task. A twofold approach, using both analytica! and empirica! design 

procedures, has resulted in a provisional prototype. 

An analytica! approach is necessary to get an overview of the complex flight data. A three-Iayer 

hierarchical task analysis provides this overview and gives an impression of the task structure, 

but this study indicated that more detailed information is necessary for the actual design of the 

interface page. The task analysis must be further elaborated with descriptive information such 

as the purpose, actions and information requirements. This has the additional advantage of 

providing a better framework for the evaluation. 

The analytica! information is complemented by comment of the actual users. They provide the 

necessary background information. Two points can be made: 

... Pilots often think in events they teil with no particular sequence or completion. This 

incoherent and incomplete infonnation is difficult to structure into a hierarchical evaluation 

task. 

... Pilots can provide more detailed information if they have a good representation of the design. 

A prototype provides this representation and is a good communication tooi during the 

evaluation of the interface. 

Therefore both the design methods analytica! and empirica! are useful in this study. 

The idea of providing the pilot with an interface page that supports the pilot with his flightplan 

evaluation task, is received positively by the pilots. Especially with 4D navigation, pilots need 

extra system support because of its complexity. This support can be provided in several ways: 

... Simplifying the tasks; the system takes over of the difficult 4D calculation necessary to 

define a trajectory. 

... Reducing tbe information load; when high information load occurs the system provides the 

pilot only infonnation about the results of the trajectory. 

... Presenting the right information; the results are fonnatted and grouped so that the pilot can 

use them directly, no transformations are necessary and crosschecking is reduced. 

... Applying flight phase dependency; the system provides the flightplan information more 

flexible so that it can be adapted to the task and flight phase . 

... Providing system suggestions; the system provides smart suggestions which meet the above 

requirements. The suggestions are built up from the procedures which the user has been 
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trained to undertake. The system should, and has provoked the response, 'It thinks like I do', 

and thereby eneaurages confidence and trust in the infoimation and advice which it provides. 

An ideal would be that all of the above points are fully processed into the evaluation interface 

page. Although, practice leams that is not always possible. Besides that it is more important that 

the pilot will not lose sight of the basic flight parameters, necessary to fly manually. Automation 

should not come in place of the pilot skills, rather, it should complement those skilis in areas 

where the automation can perferm better, leaving the pilot to perform those tasks better 

accomplished by a human. 



-77-
TR 96567 L 

8 Bibliography 

Abraham, R. (1990). Managing Safety in International operations. 43rd IASS. 

Adams, R.J. (1993). How expert pilots think: Cognitive processes in expert decision making. 

Anderson, J.R. (1990). Cognitive Psychology and its implications. New York: Freeman. 

ATA. (1992). Human Factors Requirements for Data Link, ATA Information Transfer 

Subcommitee, draft 7 .4. 

Billings, C.E. (1991). Human-Centred Aircraft Automation: A Concept and Guidelines. 

Broadbent, S. (1993). Harmonisation of ManMachine InterfaceExperimentsin the context ofthe 

development of PHARE Advanced Tools ECC, Report No. 256. 

Bosch, J.J van den and Bohnen, H.G.M. (1996). Colour display configurations for the multi 

function displays ofthe MLU F-16 aircraft, NLR CR 96308L. 
.. 

Campbell, R.D. and Bagshaw, M. (1991). Human performance and limitations in aviation. 

Chapanis, A. (1991). Evaluating usability: in Human Factors for Informaties Usability. 

Cox, K. and Walker, D. (1993). User Interface Design (second edition). London: Prentice Hall. 

Collins, R.L. (1989). Six bits ... of the right stuff. AOPA Pilot, January, 71-72. 

Clark, A.N., Greatorex, G.L. and Hili, A.G. (1995). Towards an Expert System for the Analysis 

of Computer Aided Human Performance. Proceedings of the 3rd International Workshop on 

Human-Computer Teamwork. 

Davis, J.M. (1995). ModeHing the information flow-development of a mission management aid 

for future offensive aircraft. Proceedings ofthe 3rd International Workshop on Human-Computer 

Teamwork. 

Diaper, D. (1989). Task analysis for human-computer interaction. Chichester: Ellis Horwood. 

Dix, A. , Finlay, J., Abouwd, G. and Beale, R. (1990). Human-Computer-lnteraction. London: 



-78-

TR 96567 L 

Prentice-Hall. 

Dix, A., Finlay, J., Abouwd, G. and Beale, R. (1993). Human-Computer lnteraction. London: 

Prentice-Hall. 

Eason, K.D. (1984). Towards the experimental study of usability. Behaviour and information 

Technology, 3(2), 133-143. 

FAA (1987). Advisory circular: Transport category airplane electronic display systems (FAA

AC-025-0011). 

Galitz, W.O. (1993). User-lnterface screen design. Wellesley: QED. 

Gent, R.N.H.W. (1995). Humanfactors issues with airhome data link. Studies done at NLR in 

collaboration with the FAA-techncenter. 

Gilmore, W.E., Gertman, D.I. and Blackman, H.S. (1989). User-Computer interface in process 

control: a human factors engineering handhook. London: Academie Press. 

Groner, R. (1988). Eye movements, Attention and Visual information processing: Some 

experimental results and methodolical considerations. Fourth European conference on Eye 

Movements, Volume 2. 

Hancock, P.A., Scallen, S.F. and Duley, J.A. (1995). Interface design for adaptive automation 

technologies. Proceedings of the 3rd International Workshop on Human-Computer Teamwork. 

Hawkins, F.H. (1993). Humanfactors inflight (second edition). Aidershot Avebury Technica!. 

Helander, M. (1990). Handhook of Human-Computer lnteraction. Amsterdam: North-Holland. 

Henerson, M.E., Morris, L.L. and Fritz-Gibbon, C.T. (1987). How to Measure Attitudes. London: 

Sage Publications. 

Hix, D. and Hartson, H.R. (1993). Developing user interfaces: ensuring usability through pro

duct and process. Chochester: Wiley. 

Hoekstra, J.M. and Ruigrok, R.C.J. (1994). Man Machine interface usedfor the Flight simulator 

evaluation of data link for ATC communication, NLR CR 94289 L. 



-79-
TR 96567 L 

Hudilicka, E. and Corker, K. (1990). Flight crew aiding for recovering from subsystemfailures. 

Hunt, L.M. (1991). Effective leaming strategics for and into pilots. 

Kems, K. (1994). Human Factors in ATC/Flight deck interaction: implications of data link 

simulation research. 

Kirwan, B. and Ainsworth, L.K. (1993). A guide to task analysis. London: Taylor & Francis. 

Lewis, K. (1990). Involvement of Top Management. 43rd IASS. 

Lindgaard, G. (1995). Usability Testing And System Evaluation: a guide for design usfu.l 

computer systems. London: Chapman & Hall. 

Lynch, R., Abrak, C.J. and Barnett, B.J. (1995). Displays and Controls for the Pilot/Electronic 

Crewmemher Team. Proceedings of the 3rd International Workshop on Human-Computer 

Teamwork. 

McClumpha, A.J., Hames, M. and Green, R.G. (1991). Pilots' attitudes to cockpit automation. 

Human factors society 35th annual meeting. 

Mayhew, D.J. (1992). Principles and guidelines in software user interface design. Englewood 

Cliffs: Prentice Hall. 

Newman, W.M. and Lamming, M.G. (1995). Interactive system design. Amsterdam: Addison

Wesley. 

Nibbelke, R., Huisman, H. and Nijhuis, H. (1996). Task analysis and task allocation ofthe Man

Machine Flight Management System, NLR TR 96203. 

Nielsen, J. (1993). Usability Engineering. London: Academie Press. 

Obome, D.J. (1995). Ergonornies at work, human factors in design and development (third 

edition). Chichester: Wiley. 

O'Hare, D. and Wiggins, M. (1993). Expertise in aeronautical decision making: a cognitive skill 

analysis. International symposium on aviation psychology. 



-80-
TR 96567 L 

Ovenden, C.R. and Starr, A.F. (1995). Trust and Warnings. Proceedings ofthe 3rd International 

Workshop on Human-Computer Teamwork. 

Patton, M. Q. (1987). How to Use Qualitative Methods in Evaluation. London: Sage. 

Preece, J., Rogers, Y. and Sharp, H. (1994). Human-Computer interaction. Amsterdam: Addison

Wesley. 

Price, H. (1985). The allocation of functions in systems. Human Factors, 27(1), 33-45. 

Rasmussen, J. (1986). lnformation processing and human-machine interaction: an approach to 

cognitive engineering. Amsterdam: North-Holland. 

Redmond-Pyle, D. and Moore, A. (1995). Graphical User Interface Design and Evaluation. 

London: Prentice Hall. 

Ricks, W. R., Jonsson, J.E. and Rogers, W.H. (1993). Cognitive representations of flight-deck 

information attributes. International symposium on aviation psychology. 

SAE (1988). Use of colour displays in the A320 cockpit. 

SAE (1994). Human Engineering Recommendations for Data Link Systems. SAE ARP4791. 

Sarter, N.B. and Woods, D.D. (1994). Pilot interaction with cockpit automation 2: An 

experimental study of pilots' modeland awareness of the Flight Management System. Internatio

nal Joumal of Aviation Psychology, vol4, no. 1. 

Shackel, B. and Richardson, S.J. (1991). Humanfactorsfor informaties usability, background 

and overview: Human Factors for Informaties Usability. Cambrige: Cambrige University Press. 

Shneiderman, B. (1992). Desinging the User Interface: Strategiesjor Effective Human-Computer 

Interaction (second edition). Amsterdam: Addision-Wesley. 

Sutcliffe, A.G. (1995). Human-Computer interface Design. London: Mac Millan. 

Wendell, R.R. (1992). Cognitive presentations of flight-deck information attributes. 



-81-

TR 96567 L 

Whiteside, J., Bennet, J. and Holtzblatt, K. (1988). Usability engineering: our experience and 

evolution Handhook of Human-Computer Interaction, [791-817]. New York: Association for 

Computing Machinery. 

Wilson, J.R. and Corlett, E.N. (1990). Evaluation of human work. London: Taylor and Francis. 

Woods, D.D. (1993). Price of flexibility in intelligent interfaces. Knowiedge-Based Systems, 

Volume 6, Number 4 Dec 1993. 



-82-
TR 96567 L 

This page is intentionally left blank. 



-83-
TR 96567 L 

Appendices 

I Usability check-list 

Based on the information of Chapter 2, it is possible to compose the following usability check 

points. The literature of Chapter two is used to compose this check-list. 

Effectiveness; speed 

.,. Time to complete a part of the communication task . 

.,. Time to complete a communication task, execution time . 

.,. Time to complete a combined communication task . 

... Time passed after a message came in, access and respond time . 

... Time to complete a task or a part of the task . 

.,. Number of times and the total time a user is disrupted from a task . 

... Percent of task completed . 

... Percent of task completed per unit time. 

Effectiveness; accuracy 

... The total number of errors . 

... The number of phonetic similarities . 

... The number of transposition errors . 

... The number of formulation errors . 

... Percentage or number of successes and failures . 

... Percentage or number of successes and failures per task . 

... Percentage or number of errors corrected successfully . 

.,. Time spent on correcting errors . 

... Number of times a pilot has to memorise an item . 

... Number of times the user misses feedback from the system . 

.,. Number of times interface misleads the user . 

... Number of times user loses control over the system. 

Effectiveness; learnability 

... Number of trials needed to complete particular task successfully . 

... Number of repetitions of failed commands . 

... Frequency of using help or documentation . 

.,. Time spent using help or documentation. 

""' Percentage of functions learned . 

... Number of good and bad features recalled by users. 
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... Amount of training time and materials provided . 

... The time lapsed since training was completed. 

Effectiveness; flexibility 

... Percentage or number of available commands used . 

... Percentage or number of available commands not used . 

... Number of variations of task-completion strategies used . 

Efficiency 

The easiest way to estimate the mental workload of a person who performs a certain task, is to 

ask what he/she subjectively feels about the load of the task. At the questionnaires or interviews 

it is possible to use the subjoined usability check points . 

... Number of commands used per task (per phase of the flight) . 

... Number of actions used per task (per phase of the flight) . 

... Number of times users need to work around a problem . 

... Rating of subjective workload (per phase of the flight) . 

... Timespendon correcting errors . 

... Actions need to make an error correction. 

Satisfactionl Attitude 

A semantic differential scale list can be used to opposite two terms along some dimension and 

ask the user to place the system on the most appropriate rating along the dimension. This can 

be done for the following dimensions. 

Ask the user opinion about the usability dimensions: 

... Speed 

... Accuracy 

... Learnability 

... Flexibility 

Ask the user' s opinion about the interface: 

... Pleasing 

... Irritating 

... Complete 

... Incomplete 

... Simple 

... Complicated 

... Safe 

... Unsafe 
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... Verifiable 

.,.. Unverifiable 

... Comprehensibility 

... Incomprehensibility 

... Understanding 

.,.. Acceptable 

... Favourable/unfavourable user comments . 

.,.. Number of users preferring your system . 

... Number of times user expresses frustration or satisfaction . 

.,.. Is it possible to correct errors. 
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11 User profile checklist 

For defming user characteristics at Chapter 3 is used a checklist. The objective in user-profile 

checklists is to identify and make explicit characteristics which particular user groups have in 

common and which must be taken into account when making decisions about the user interface, 

the interactive dialogue and presentation style. It should be adjusted according to the type of 

system and users in question. The literature of Chapter three is used to compose this check-list. 

• Type of user 

-direct 

- indirect 

• User personal characteristics 

- age 

- personality 

- motivation for using the system and specific goals 

- learning rnodels; personal preferences, different types of learning or interaction style 

• User capacity 

- perceptual capacities ( colour-blind) 

- motion capabilities (handedness, disabilities) 

- cognitive capabilities 

• User skilis 

- typing skill 

- education level (high school, college, advanced degree) 

-computer literacy (input device, window's or comrnands) 

- use of other systems 

- task experience (novice, moderate, expert) 

- job experience 

- application experience 

-training (none, manual only, elective forma!, mandatory forma!) 

- frequency of use the system 

- use constraints (mandatory or voluntary) 

. type of airplanes 

. airline 

• User environment 
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• Social characteristics 

• Organizational characteristics 

• Diverse factors 
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lila Requirements of the direct users 

The user specification of Chapter 3 can be translated to a more practical application, user 

requirements. This is done for both the direct and indirect users. 

Pattern recognition 

• Graphical formats are preferred for redundant display of spatially oriented weather and route 

information. 

• Images are helpful but need to be accompanied by text. 

• Lines of text shall be broken only at spaces or other delimiters. Parameters associated with 

text shall be adjacent to and grouped with their descriptive or explanatory text or labels, and 

on the same page. 

Working memory 

• Be ware of overtoading working memory, in terms of both quantity of information and time 

span of retention. 

• Any information the operator requires in a data link operation must be available for display 

during the data link operation. The operator must not be required to rely solely on memory 

during the transaction. 

• Minimise distraction during tasks and memorisation. 

• The data link system shall provide feedback for every user input in time to prevent doubt 

about the status of the input. 

• The prioritization scheme shall show the information flow based on the urgency of the 

communication, and trigger operator alerting devices only when appropriate. 

Long term memory and chuncking 

• Structuring information can help categorial memory and creates extra links to retrieve items. 

• Consistency of associations creates better contexts for memorisation and reealL 

• Messages shall be organized by category, based on message type or other attributes that 

supports the pilot tasks. Within each category, messages shall be organized from most to least 

recent, and an indication of message content shall be given on the list of ABC messages in 

the log. 

• When a message is under discussion, it shall be referred to based on its contents rather than 

its type. 

Mental models 

• Design the automatic system to perform the task the way the user wants it done. 

• Data link messages shall use standard phraseology and construction with unambiguous terms. 
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It should not negatively interact with voice communications and other concurrent operational 

practices. 

• Operators shall be able to turn the data unarnbiguous indication of system and function 

operational status shall be provided to all operators. 

User skilis 

• The system should provide multiple message commands and fault generation capabilities. The 

differences must support the expert users who use: 

... Skill based procedures . 

... Free reealL 

... Less inforrnation and feedback. 

... Efficiency by bypassing novice memory aids, reducing keystrokes, chunking and 

summarizing information and introducing new vocabularies. 

And must be able to support the novice user who uses: 

... Rule based procedures or Knowledge based procedures. 

... System features that assist recognition memory: menus, prompting information and 

instructional and help screens. 

... Restricted vocabularies, simple tasks, small numbers of possibilities, and very informative 

feedback. 
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Illb Requirements of the indirect users 

These (indirect)user requirements are based on information (literature) of Chapter 3 and an 

artiele of the vice chairman of the executive board & technica! board of Lufthansa, Reinhardt 

Abraham [1990]. 

Economie 

• Fly economical 

• Low maintenance and purebase expenses of equipment 

Safety 

• Separation of powers in the technica! division. lt aims at avoiding conflicts of interest by 

separating the responsibilities for: 

,.. the definition of the scope of tasks to be performed on an aircraft (engineering); 

,.. the performance of the task (production); 

,.. the assurance that the tasks have been preformed in conformity with standards and good 

quality. 

• The care the airline take of an aircraft long before it is introduced into flight service, by: 

,.. keeping close contact with the manufacturer in the design phase; 

,.. checking work quality during manufacture. 

• The maintenance must be condition monitored. lt is based on two computer systems: 

,.. reliability data on demand; 

,.. engine condition monitoring. 

• The most important requirement is highly-skilled personnel, achieved by an effective 

education system and extensive ongoing training. 
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IV Several different task analysis 

The literature of Chapter four is used to compose this task analysis survey. 

• ffierarchical task analysis (HTA) 

In a hierarchical approach the task is analyzed by breaking it into task elements which become 

increasingly detailed as the hierarchy progress. The top-down task hierarchy can be 

represented diagrammatically as wellas textually, but the flrst metbod is more accessible at 

a glance. 

Applications 

.,. Training . 

.,. Human-machine interface design and evaluation. 

Advantages 

.,. Systematic method, the HTA provides a systematic and thorough framework for analysing 

a task . 

.,. Detailed information, the task areas of interest can be studied in detail. 

.,. Co-operation, the metbod can be used as a basic for more speciflc analyses or applied 

together with an other task analysis method . 

.,. Ease of learning, the metbod is clearly and therefore it is easy to learn or explain to non

experts . 

.,. The metbod is widely documented . 

.,. The HT A is flexible. 

Disadvantages 

.,. System depending, the HTA only considers the current activities ofthe human operator and 

uses bis tasks as the starting point for further analysis. This has an negative impact on the 

design of future systems because it makes the development of new innovative systems less 

likely . 

.,. Wrong interpretation, the hierarchical view is often misunderstood to be a prescription of 

task activity rather than a convenient representation of tasks. 

• Knowledge based ànalysis 

Knowledge based task analysis starts at the bottorn of a users task. By listing all the objects 

and actions involved in the task and then building taxonnornies of these. The aim is to 

understand the knowledge needed to performa task. The arisen hierarchy is one of genericity, 

whereas the HT A hierarchy was a 'how to do it' decomposition. 



Applications 

... Training. 

... Personnel selection. 

Advantages 
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... Processing of specific information, taxonomies do provide a useful way of breaking down 

tasks, especially in applications where specific information need to be include in the 

taxonomy. 

... Grouping of task information, categones can be incorporated to make this task information 

explicit. 

... The knowledge based analysis is flexible . 

Disadvantages 

Incompleteness, it is difficult to eosure that a taxonomy is comprehensive in its coverage 

of a task. 

Categonze, if the definitions of categones are inadequate then confusion can occur when 

allocating task items. 

• Entity-relationship based techniques 

Entity-relationship modeHing is an analysing technique usually associated with data base 

design and more recently object-onented programming. In data base and object-onented 

design, the entities chosen for analysis will be those which are expected to be represented in 

the resulting computer system. However, in task analysis, we are interested in a wide range 

of non-computer entities including physical objects, the actions performed on them and the 

people who perform them. Like knowledge based approaches, the cataloguing and exarnination 

of objects and actions is central to the analysis. The approach is more formal than many task 

analytic methods and provides both an abstract descnption of the task in question and a 

knowledge representation grammar. 

Applications 

... Development of expert systems . 

... Development for syllabus design for training 

... Human-machine interface design and evaluation. 

Advantages 

... Complex cognitive processing, it is a useful metbod to descnbe systems that have become 

increasingly complex and involving more and more complex cognitive processing. 

... Co-operation, a HTA can help to highlight areas where there may be omissions from the 
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analysis or where the current analysis is inadequate. 

Disadvantages 

". Data elicitation, difficulties can be encountered in tbe elicitation of task information because 

the task elements are not immediately observable and because it can be difficult to check 

that tbe analysis has been tborough. 

"" Hard to leam, because it is a more formal task analysis metbod it can be difficult to learn 

or explain to non-experts. 

• Formal and semitormal methods 

Pormal methods have been extensively used in software engineering and development. The 

analysis consists of a dictionary of simple tasks, witb a list of tbeir features and fmally a set 

of rewriting rules which map tbe tasks onto actions. 

Applications 

". Human-machine interface design and evaluation. 

Advantages 

"" Objectivity and reliability, tbis metbod give an advantage over many of the subjective 

methods which are dependent on naturallanguage to express tbe content of tbe task. Natural 

language allows for individuality of expression and so may result in slight variations in an 

analysis carried out by result in slight variations in an analysis carried out by a series of 

analysts; 

Disadvantages 

". Inflexible, it is very inflexible and not easily amenable to adaptation. 

". Representation of the interrelationships, at some formal metbods it is difficult to make 

explicit tbe interrelationships between task elements, tbey are often assumed to be 

sequentia!. 

". Hard to leam, because it is a more formal task analysis metbod it can be difficult to learn 

or explain to non-experts. 

• Flow charts 

Flow charts are a standard means of descrihing systems and can similarly be applied to tbe 

development and analysis of tasks. Symbols are used to represent different kinds of task 

elements such as decisions and actions, and the sequence of tbe task is indicated by the flow 

lines. Sequèntial tasks and those involving decision making between serval alternatives can 

be effectively represented in tbis way. 
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Applications 

... Human-machine interface design and evaluation, with the emphasis on the communication 

flows an dialogue between the human and the machine. 

Advantages 

... Parallel tasks, the job process chart helps to emphasis the parallel nature of the tasks of the 

system and the user, and makes explicit the information flows between them. 

Disadvantages 

... Only simple cognitive tasks, it may be more difficult and inappropriate to analysing 

complex cognitive tasks. 

... Exhaustibility of a tasks, difficulties can arise from ambiguities in the definition of tasks 

and categones that are not mutually exclusive and exhaustive. 
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V Contlicts between the criteria 

To make an inventory of all possible interface messages, the criteria from task 1.2 get criteria 

(trajectory, performance and cost criteria) are tested for conflicts and wamings. The results are 

tables below with 336 possible problems. These tables are the starting-point of the interface 

messages. 

Explanation of the numbers at the tables 

1 SID 

j2STAR 

3 Terrain 

4 Beundarles of corridors 

5 Restricted airspace 

16 Prohibited airspace 

7 ATC constraints 

8 Company trajectory 

19 Preterred waypoints 

10 Preterred cruise level 

11 Preterred time at waypoint 

12 Maximum take-off weight 

13 Maximum climb rate 

14 Max. and min. climb speed 

15 Max. and min. cruise speed 

16 Max. and min. decent speed 

17 Maximum decent rate 

18 Maximum landing weight 

19 Fuel quantity on board 

j2o Maximum bank rate 

j21 Cost index 

Explanation of the table 

$ = Empty, there is no conflict possible between the two criteria 
= The conflict happens rarely 
= The conflict happens almest never 

± = The conflict happens sometimes 
+ = The conflict happens regularly 
++ = The conflict happens frequently 
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Optimisation - mandatory criteria 1 2 3 4 5 6 7 12 13 14 15 16 17 18 19 20 

8 Company trajectory - - - - - - + - - - - - - - - -

9 Preferred waypoints ± ± ± - - - + cp - cp cp cp - - - ± 

10 Preferred flight level cp cp ± - - - + cp - cp cp cp - cp - cp 

11 Preferred time at waypoint ± cp cp cp cp cp + cp cp ± ± ± cp - - cp 

21 Cost index cp cp cp cp cp cp ± cp cp - - - cp cp - cp 

Optimisation - optimisation criteria 8 9 10 11 21 

8 Company trajectory cp ± ± ± -

~ Preferred waypoints ± cp cp cp ± 

10 Preferred cruise level ± cp cp cp ± 

11 Preferred time at waypoint ± cp cp cp ± 

~1 Cost index - ± ± ± cp 

Mandatory - mandatory criteria 1 2 3 4 5 6 7 12 13 14 15 16 17 18 19 20 

1 SID cp cp cp cp - - - cp - - cp cp cp cp cp -
~STAR cp cp cp cp - - - cp cp cp cp - - - - -
p Terrain cp cp cp cp cp cp - cp - - cp - - cp cp cp 

~ Boundaries of corridors cp cp cp cp - - - cp cp - cp - - cp cp cp 

15 Restricted airspace - - cp - cp cp - cp - - cp - - cp cp -

~ Prohibited airspace - - cp - cp cp - cp - - cp - - cp cp -

7 ATC constraints - - - - - - cp - - - - - - - - -

12 Maximum take-off weight cp cp cp - cp cp - cp cp cp cp cp cp cp - cp 

13 Maximum climb rate - cp - cp - - - cp cp - cp cp cp cp cp cp 

14 Max. and min. climb speed - cp - - - - - cp - cp cp cp cp cp cp -
15 Max. and min. cruise speed cp cp cp cp cp cp - cp cp cp cp cp cp cp cp -
16 Max. and min. decent speed cp - - - - - - cp cp cp cp cp cp cp cp -

17 Maximum decent rate cp - - - - - - cp cp cp cp cp cp cp cp -
18 Maximum landing weight cp - cp cp cp cp - cp cp cp cp cp cp cp - cp 

19 Fuel quantity on board cp - cp cp cp cp - - cp cp cp cp cp - cp cp 

~0 Maximum bank rate - - cp cp - - - cp cp - - - - cp cp cp 
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VI Questionnaire 

... Questionnaire 1: before the instructions 

Date: ........ ... ....... . 

Personality 
1 Age: 

2 Sex: M/F 

moming I aftemoon 

3 Experience (total flight hours): 

4 Type of aircraft: 
z 
5 Company: 

6 Do you use a computer at home? 

Present-day cockpit automation 
7 I do understand the cockpit 

automation. 

8 Cockpit automation improves the 
situational awareness of the pilot. 

9 I can predict the results of 
the FMS system? 

10 The FMS quickens the working-method. 

11 Cockpit automation decreases the 
workload. 

12 Cockpit automation causes errors. 

13 The different cockpit systems differ 
in use from each other. 

14 The difference between the cockpit systems 
cause confusion. 

Future cockpit automation 
15 Do you want to fly with the extra 

time dimension? 

16 How do you feel about automation support 
during trajectory (route) generation? 

17 How important is the cost aspect in the future? 

18 How close to the performance limits will 
be flown at the future, with more specific 
performance information ? 

Never 

Quite little 

lt does 

Always 

Always 

I disagree 

None 

Much 

Not at all 

Willingly 

Positive 

Unimportant 

Notclose 

aaaaa Very frequently 

aaaaa Very much 

aaaaa It does not 

aaaaa Never 

aaaaa Never 

aaaaa I agree 

aaaaa Many 

aaaaa None 

aaaaa Very much 

aaaaa With aversion 

aaaaa Negative 

aaaaa Important 

aaaaa Close 



19 What will become an important aspect 
in the trajectory evaluation at the future? 
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20 What is your opinion about using a touch 
screen for cockpit systems? Worthless aaaaa Perfect 

... Vraag 1 vliegplan: EDDF- EHAM 
De vlieger (u in dit geval) heeft een flight level verandert van 260 naar 320 omdat daar de 
tegenwind minder is. Het gevolg hiervan kan zijn, sneller en goedkoper te kunnen vliegen. Het 
onderstaande trajectory heeft u ingevoerd in de FMS. 

I 
POSITION 

I 
DIST 

I 
GS 

I 
FL 

I 
ARP 003 400 240 

HMM 056 400 240 

RKN 039 415 320 

OSKUR 034 420 320 

Dit voorstel is door de trajectory generator gegaan en u ziet op het beeldscherm de uitkomst. 

a) De opdracht is om een zo goedkoop mogelijk trajectory te generen. 
b) Nu een zo snel mogelijk trajectory. 
c) Waarom weVniet de keuze op Suggestion IJ, bekijk deze mogelijkheid . 

... Questionnaire 11: after instruction 1 

Did you read the titles on the screen? Very well aaaaa Not at all 

2 What does the colour orange/ amber mean to you? Danger aaaaa Ok I safe 

3 Did you understand the titles? Very well aaaaa Not at all 

4 Which trajectory is the one modified by the pilot? acyan 
a Green 

5 What do the colours mean to you? Cyan: ...... ........................... ............ ... . 

Green: ................................................ . 

6 Remember the waming title, the message was: 
The cost index changes into a 20 

a25 
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7 Which trajectory can be send immediate to ATC? 

8 Can you find the information at the trajectories? 

9 Do you need any form of help or system feedback? 

10 Must you remember information while making 
a choice? 

11 What does the colour red mean to you? 

12 What kind of information do you use while 
making your decision? (Before answering 
take a glance to question 13) 
(Check one of more) 

13 What information does turn the scale by taking 
your decision? 
(Check one of more) 

14 Did you read the Iine at the bottorn 
of the screen, the status-Iine? 

a30 
a35 
a40 

a The one on the left 
a The one on the right 

Hardly aaaaa Easy 

A lot aaaaa None 

None aaaaa A lot 

Danger aaaaa Neutral 

a Titles 
a Flightplan information (Position) 
a Flightplan information (Distance) 
a Flightplan information (Ground Speed) 
a Flightplan information (Flight Level) 
a Pilot Trajeetory 
a Suggested Trajeetory 1 
a Suggested Trajeetory 2 
a ET A tigure indicator 
a ET A beam Indicator 
a Fuel tigure Indicator 
a Fuel beam Indicator 
a Indicator (Time to decide) 
a Other ................ ............... ..... . 
a ................................. .......... . 

a Titles 
a Flightplan information (Position) 
a Flightplan information (Distance) 
a Flightplan information (Ground Speed) 
a Flightplan information (Flight Level) 
a Pilot Trajeetory 
a Suggested Trajeetory 1 
a Suggested Trajeetory 2 
a ET A tigure indicator 
a ET A beam Indicator 
a Fuel tigure lndièator 
a Fuel beam Indicator 
a Indicator (Time to decide) 
a Other ............ ........................ . 
a .. ...... .. .. .................... .. ... ... ... . 

Very well aaaaa Not at all 

"" Look at the screen and do teil what the indicators (ET A and Fuel) indicate. 

15· Do you understand the indicators? Not at all aaaaa Very well 



.. Describe how to select a trajectory. 
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16 Is the selection clear? Very well aaaaa Not at all 

... Vraag 2 vliegplan: KLAX- EHAM 
U vliegt aan het begin van de vlucht van KLAX naar EHAM. U ziet slecht weer opkomen bij 
waypoint NORRA op FL 290. De weerradar beschrijft iets wat verdacht veel op onweer lijkt. 
U bent nog aan het stijgen en daarom is het niet mogelijk boven het onweer langs te gaan. Van
daar dat je de volgende aanvraag invoert in het systeem (FMS). 

I Position I Di st I GS I FL I 
TNP 014 531 250 

BLD 122 530 250 

NORRA 054 529 250 

MLF 113 530 270 

Dit is door de trajectory generator gegaan en het resultaat word op het beeldscherm getoond. 

a) De opdracht is om de fout te herstellen en een veilig trajectory te generen . 

... Questionnaire lll: after instruction 2 

The touch screen buttons are: 

2 I think it is necessary to wam for a change 
at the Cost Index? 

3 The following cammandos are: 
Undo 
Edit 
OK 
Send 

4 The tab pages are easy to use. 

5 At which of the following flight phases 
you will have enough time to consult the 
second suggestion (Suggestion 2). 
(Check one ore more) 

To smal! 

I disagree 

Very clear 
Very clear 
Very clear 
Very clear 

Always 

aAiways 
a Taxi 
a Takeoff 
aClimb 
a Cruise 
a Descent 
a Approach 
a Landing 

aaaaa 

aaaaa 

aaaaa 
aaaaa 
aaaaa 
aaaaa 

aaaaa 

To big 

I agree 

Not clear 
Not clear 
Not clear 
Not clear 

Never 
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6 The time to decide indicator helps me 
to arrange my work flexible. 

Why 

7 W ould you like to scroll through the trajectories. 

8 Did you understand the messages at the status line. 

9 What indicator(s) will be easier to use, for 
trajectory evaluation. 

10 I think it is necessary to wam for performance 
changes? 

11 At which of the following flight phases 
you will have enough time to consult the 
third suggestion (Suggestion 3). 
(Check one ore more) 

12 Which of the flight plan items are important 
for trajectory evaluation? 
(Check one ore more) 

a Never 

Much 

a Yes 
a No 

aaaaa Little 

a ................. ........................ .. .......... . 

Very well aaaaa 

a Cost Index 
a Separate ET A and Fuel 
a Depends on the situation 

Not at all 

a Other .......... ............... ...................... . 

I disagree 

a Always 
a Taxi 
aTakeoff 
a Climb 
a Cruise 
a Descent 
a Approach 
a Landing 
a Never 

aaaaa I agree 

a .................... ...... ........... ...... ......... . 

aETO/ETA 
a Time 
aAWY 
a Position 
aMoca 
aMT 
a Distance 
aGS 
a Mach 
aFL 
aTMP 
aBum/Fuel 
a ......................... ........................ .. . 

.. Look at the screen and teil what the fastest way is to get an approved (safe and economical) trajectory. 



13 How fast is this? 
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Tofast aaaaa To slow 

.. Describe how to make a totally different/new trajectory. 

14 Is this easy to learn? Easy aaaaa Hard 

... Vraag 3 vliegplan: EHAM - KJFK 
Je vliegt halverwege het vliegtraject van EHAM - KJFK. Alles gaat voorspoedig tot dat je van 
ATC nieuwe vlieg gegevens binnen krijgt. Bekijk deze goed. 

I Position I Di st I GS I FL I 
56N040W 337 445 310 

55N050W 345 470 310 

OTSTR 186 450 350 

KLAMM 145 450 350 

a) Bepaal wat deze ATC mededeling voor gevolgen heeft voor uw vlucht (zonder een toets aan 
te raken). 
b) Stuur ATC een voor u acceptabel antwoord. 
(c) Bekijk de suggesties en geef commentaar over de snelheicts indicator.) 

.. Questionnaire IV: after instruction 3 

W ould you inspeet the up link of ATC. 

2 Which information do you defmitely 
want to have, to be able to deeide 
whether or not you accept the ATC trajeetory 

Inspeet extensively aaaaa Only accepting 

a No more than the present-day information 
a Flightp1an information (Position) 
a Flightplan information (Distance) 
a Flightplan information (Ground Speed) 
a Flightplan information (Flight Level) 
a Pilot Trajeetory 
a Suggested Trajeetory 1 
a Suggested Trajeetory 2 
a ET A figure indicator 
a ET A beam Indicator 
a Fuel figure Indicator 
a Fuel beam Indicator 
a Indicator (Time to deeide) 
a ... .. ....... ............. ... ........... .. ... ....... .... .... . 
a ...... .. .. .... .......... .... ........ .. .... ... .............. . 



3 Which 'extra' infonnation do you need 
to evaluate the ATC trajectory? 

4 In what situation(s) would you directly 
accept a rerouting of A TC? 

5 The time to decide indicator gives an extra 
pressure on me . 

.,.. Questionnaire V: after the instructions 

The non-realistic infonnation did 
bother me at the experiment. 

2 The non-realistic flight and system 
environment did bother me at the experiment. 

3 I am not used to the PHARE definitions. 

4 The size of the characters are: 

5 The font of the characters are: 

6 The use of different colours at 
one text is: 

7 The screen layouts are: 

8 The screen sequence is: 

9 The colour use, shows resemblance 
with other cockpit systems. 

10 Touch screen is a good input method for 
this interface. 

11 The screen contains unimportant infonnation. 

What kind of unimportant infonnation 

12 Is it important to consider the Cost and 

-103-
TR 96567 L 

a Airport infonnation 
a Meteo 
a Other traffic 
a ....................... .. ....... ...... .. ............. .. .. .. ... . 
a .. .... ................................. .. .... .... .. .......... .. 

Much aaaaa Little 

Little aaaaa Much 

Much aaaaa Little 

Not at all aaaaa Very well used to 

Too big aaaaa Too small 

Barely legible aaaaa Very legible 

Helpful aaaaa Not helpful 

Logical aaaaa Illogical 

Unpredictable aaaaa Predictabie 

No resemblance aaaaa Resemblance 

I disagree aaaaa I agree 

I agree aaaaa I disagree 

······································· ················· 

......... ...................... ......... .. .... .......... 



performance parameters at the evaluation 
of the trajectory? 

Cost Index 

Used Fuel 

Time of Arrival 

Stall speed limits 

Never exceed speed limits 

Time to decide 

-104-
TR 96567 L 

Unimportant 

Unimportant 

Unimportant 

Unimportant 

Unimportant 

Unimportant 

13 What kind of information can be also important? 

14 This system confuses me in making 
a decision. I agree 

15 This system makes it possible to work 
more efficient. I disagree 

16 I can trust presented system information. I agree 

17 This system makes it possible to decide 
faster. I disagree 

18 This system makes it possible to work 
more flexible. I disagree 

19 The system decreases the situational 
awareness of the pilot. I disagree 

20 This system is hard to leam. I disagree 

21 I want to use this system 
at my cockpit. I agree 

aaaaa Important 

aaaaa Important 

aaaaa Important 

aaaaa Important 

aaaaa Important 

aaaaa Important 

aaaaa I disagree 

aaaaa I agree 

aaaaa I disagree 

aaaaa I agree 

aaaaa I agree 

aaaaa I agree 

aaaaa I agree 

aaaaa I disagree 
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VII Results of the questionnaire 

.. Personality 
1• Age Average age: 30145127132 

2• Sex Male: 1111111 

Female: 

3.. Aight hours A verage: 4800180001400011700 

4• Familiarity with computer\ 
cockpit automation 

5.. Opinion about future 
cockpit automation (FMS) 

6• Opinion about present-day 
cockpit automation (FMS) 

7 .. Opinion about touch screen 

78• Have confidence in 
cockpit systems 

.. Evaluation-task support 

[1..5] 

[1..5] 

cost 

perf. lim 

[1..5] 

(1..5] 

[1 . .5] 

4.3313.671413.67 

414.51514 

5151515 

511"1514 

3.513.3313.3313.88 

2.5141314 

1131315 

* nice to have for evaluation (= 1 point) .. necessary for evaluation (= 2 points) 
10• Needing flight plan information 

a*.*.*.* = 4x Fight Level (FL) 
a* ... *.* = 3x Bumed fuel (Bum) 
a* .. . *.* = 3x ETO I ETA 
a*.* ... * = 3x Position 
a .. * ... * = 3x Mach I Ground Speed (GS) 
a* ... *.. = 2x Moca 
a*." ... * 
a .... * .. 
a .. .... * 
a* ..... . 
a ...... . 

= 2x Distance 
= 1x Time 
= 1x Magnetic Track (MT) 
= 1x Temperature (TMP) 
= Ox Airway (A WY) 

11• Needing ATC evaluation items 
a* ... *. * 
a .. .. *.* 
a .... *.* 
a .... *.* 
a .. .. *.* 
a .... * .. 
a .. .... * 
a ...... * 
a ...... * 
a ...... * 
a ...... . 
a .... .. . 

= 3x Fuel figure indicator 
= 2x Aightplan information (Position) 
= 2x Aightplan information (Aight Level) 
= 2x ET A figure indicator 
= 2x Fuel beam indicator 
= 1x ETA beam indicator 
= 1x Aightplan information (Ground Speed) 
= 1x Pilot trajectory 
= 1x Suggested trajectory 1 
= 1x Suggested trajectory 2 
= Ox No more than the present-day information 
= Ox Aightplan information (Distance) 

= 33.50 (6.87) 

= 100% 

=0% 

= 4625 (2257) 

= 3.92 (0.27) 

= 4.38 (0.41) 

= 5.00 (0.00) 

= 3.75 (1.64) 

= 3.51 (0.22) 

= 3.38 (0.65) 

= 3.00 (1.41) 



a ...... . 
* 

= Ox Time to decide indicator 

-106-
TR 96567 L 

= 1x Holding time, sequence number, gate waiting time 
= 1x Depending on the ATC proposal 
= 1x Min & max speed margins 
= 1x As much as possib1e depending on the time avai1ab1e 

* 
* 
* 
* = 1x Airport info, meteo, other traffic, areasof turbu1ence, thunderstorms 

12~ Needing evaluation information 
a*~.* .. *~ . *~ = 10x ETA tigure indicator 
a*~. * .. *~.*~ = 10x Fue1 tigure indicator 
a* ..... *~.*~ = 7x Titles 
a * .. * .. * .. * ~ = 6x Flightplan information (Flight Level) 
a * .. * .. * .. * ~ = 6x Suggested trajectory 1 
a* .. * .. * .. *~ = 6x Suggested trajectory 2 
a ... * .. *~.*. = 5x ETA beam indicator 
a ... * .. *~ . * . = 5x Fuel beam indicator 
a* .. * ..... *~ = 5x Flightplan information (Distance) 
a* .. * ..... *~ 
a* .. * ..... *. 

= 5x Flightplan information (Ground Speed) 
= 3x Flightplan information (Position) 

a* .. * ..... *. = 3x Pilot trajectory 
a ... * ..... *. = 2x Time to decide indicator 

~ Effectiveness; speed 
20~ Fastest way of sending 

(5= to fast I 1= to slow) 

~ Effectiveness; accuracy 
30~ Making mistakes 

( observation) 

~ Effectiveness; 1earnability 
40~ Leamability of selecting trajectory 

42~ Leamability of the indicators 

43 ~ Leamability of the edit mode 

[1..5] 3/3/3/4.5 = 3.38 (0.65) 

[1..5] 2/'21414 = 3.00 (1.00) 

[1..5] 3/5/5/5 = 4.50 (0.87) 

[1..5] 3.5/5/4/5 = 4.38 (0.65) 

[1..5] 5/5/5/4 = 4.75 (0.43) 



,.. Effectiveness; flexibility 
50,.. General work division 

(through the time to decide indicator) 

... Efficiency 
60 ... The use of cost wamings 

61 ... The use of performance wamings 

62 ... The use of a second suggestion 

63 ... The use of a third suggestion 

... Satisfaction/ Attitude 
69 ... Working memory 1oad 

70 ... The effect of the 
time to decide indicator 

71 ... The effect of the 
non-realistic experiment 

72 ... Speed 

73 ... ConfusesiErroes 

75 ... Learnability 

76 ... Flexibility 

77 ... Efficiency 
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[1..5] 511 "1513" 

[1..5] 5/5/5/4 

[1..5] 5151515 

a*.*.*.* 
a*.* ... * 
a* .... *. 
a ...... * 
a ....... 
a ....... 
a .. ..... 
a ....... 
a ..... .. 

a*.*.*.* 
a*.* ... * 
a* ..... * 
a ...... * 
a ....... 
a .. ... .. 
a ....... 
a ....... 
a ....... 

[1..5] 213/413 

[1..5] 5/5/3/5 

[1..5] 4.67/5/4.67/4.67 

[1..5) 5141515 

[1..5] 3.5/4.5/4/4.5 

[1..5] 2151515 

[1..5) 5/415/2" 

[1..5] 5/415/4 

= 3.50 (1.66) 

= 4.75 (0.43) 

= 5.00 (0.00) 

= 4x Cruise 
= 3x Climb 
= 2x Taxi 
= 1x Descent 
= Ox Takeoff 
= Ox Approach 
= Ox Landing 
= Ox Always 
= Ox Never 

= 4x Cruise 
= 3x Climb 
= 2x Taxi 
= 1x Descent 
= Ox Takeoff 
= Ox Approach 
= Ox Landing 
= Ox Always 
= Ox Never 

= 3.00 (0.71) 

= 4.50 (0.87) 

= 4.75 (0.14) 

= 4.75 (0.43) 

= 4.13 (0.41) 

= 4.25 (1.30) 

= 4.00 (1.22) 

= 4.50 (0.50) 
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79~ Want this system 
at my cockpit [1..5] 4151514 = 4.50 (0.50) 

~ Layout 
so~ Titles [1..5] 2.67/3.67/4.33/4.67= 3.S4 (0.76) 

s1~ Trajeetory [1..5] 4.33/4/4/4 = 4.08 (0.14) 

scroll y/y/y/y = yes 

S2~ Tab pages [1..5] 3/5/4/4 = 4.00 (0.71) 

s3~ ET A indicator [1..5] 5151415 = 4.75 (0.43) 

S4~ Fuel indicator [1..5] 215/4/5 = 4.00 (1.22) 

ss~ Time to decide indicator [1..5] 5/3/4/4 = 4.00 (0.71) 

s6~ Message line [1..5] 3/3/3.33/3 = 3.08 (0.14) 

S7~ Knobs [1..5] 4.214.215/4.6 = 4.50 (0.33) 

ss~ Co1our use [1..5] 5/4.5/4.75/4.25 = 4.63 (0.28) 

S9~ Character [1..5] 212.5/4/3.5 = 3.00 (0.79) 


