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Abstract

In aeronautic operations and maintenance a large amount of information is provided by
documentation and instruments which is needed for the safe operation of an ail@nater, a
development is taking place towards the use of multiple sources, with infanrbafitg integrated in
one display, and the construction of meaningful knowledge in interactionthwatiiser, providing
support for decision making and diagnostics. Combining information from diffecemtes means
that information could differ in status, age and certainty. The advantage bingogninformation is
in providing the user with a clear picture of the situation, highlightirigrination that is context-
relevant, and ensuring all available information is provided. A wide range of hunarsfassues is
related to perceiving, interpreting and using information from different soumedsof different
statuses. Cases from different studies are presented in order to address tamasorfactors and
design recommendations. These studies deal with the development of demonstratorsnafionf
presentation as well as interviews and evaluations with users. Topics include nmamtar@uals
connected to aircraft systems, electronic flightbags, and cockpit displays. Theapgdpesses the
human factors issues identified, and indicates directions for solutions for infemnpa@sentation,

such as layered information, contextualisation, and integrated information.

I ntr oduction

In flight operations and aircraft maintenance, a large amount of information is provided by
documentation. Traditionally, information was provided in paper manuals. In djggdrations pilots

are also supplied with information from the cockpit instruments and from dic tahtrol. It is up to

the operator to combine information from different manuals and sources to decateagtion to

take or how to perform a task. Now that documentation is becoming availabletmoreetormats,

new possibilities arise to combine information from different sources, andvae@roperators with
integrated and complete information (Barnard & Chandra, 2004; Barnard et al., 2004). Thagadvant
of combining information lies in providing the user with a clear pectfrthe situation, highlighting
information that is context-relevant, and ensuring all available information es.givowever, there

may also be a danger attached to having information from different sources, Igspdea the



information is contradictory. For example, information about the weather conditi@andestination
area may be based on different predictions by different meteorological servioemhing
information from different sources implies that information provided may diffestatus, age and
certainty. In this paper first different sources of information wélldiscussed, and examples will be
given of information provided by electronic systems for both flight operaticthsnamtenance. Then
several human factors are presented, related to the use of information from d#teneets and of
different status: perception and interpretation, situation awareness and workloady deti
uncertainty, dealing with factual and interpreted information, and biological aspects. libskegueent
section several display solutions are discussed, especially the concepyerefl Ipresentation of
information, contextualisation of information, and providing an integrated picture. paber
concludes with a discussion of advantages and risks of providing integrated informaticn short

discussion on transfer to other domains.

Differ ent sour ces and properties of infor mation

Information may come from different sources. Aircraft instruments convey iafamabout the
status of the aircraft and its systems, and about the environment, for example ioforfnoati the
weather radar. Manuals, both operational and maintenance ones, provide information coming from the
manufacturer. Often different manufacturers are the sources of documentation, l@@caireeaft
may contain a variety of systems from different origins. Other sources alddgimformation, both
in real time and previous to operations, in the form of bulletins, for example wletgoal services.
Operators may communicate with others, for example with air traffic coairbhes, colleagues,
other aircraft, etc.

An example of information coming from different sources is information atteutveather. Pilots
may receive information about bad weather conditions in the destination area from their aircraft’s
weather radar, from a cockpit display showing weather information, from a metécabloglletin
received before the flight, warning from air traffic control, informatiamnfrtheir own airline, they
may have access to internet, and pilots from other aircraft may send out esedsatieir flight
manuals they also have information on how to deal with certain weather conditions. The pilots need to
combine all the information in order to establish a clear picture about tiaiait at the airfield of
their destination, and to decide whether they may safely land there or whedhieshiould start
making provisions for diverting to a different airfield. All the inforioatconcerned is not of the
same nature. The information is of different ages, different scope, and isevindif€ertitude. The
weather radar gives real-time information about the weather ahead of tladt;aveather bulletins
give information about the weather forecast in a larger area.

Next to information coming from different sources, information may alsotbeagtive or not. Olde

versions of electronic documentation contain pre-composed information: informageioysty



composed into a static composed state (non-interactive). Their displays have consisteot ahef

verifiable content, and fixed formats. Newer forms may also contain variablenatfon that can be
updated during operations. Software applications allow for selecting and rendeangumber of

dynamic ways. In the new generation of information systems, the information diplall consist

of these two kinds of information, providing a mix of interactive and pre-ceatpimformation. The
guestion to be asked is whether operators are aware of the nature of ¢hendififormation

elements, and how they integrate and use this information. Users cannot only odémsuétion, but

may enter into a dialogue, a conversation, with an information system. Both the systédma aselrt
may take the initiative to start a dialogue and determine how the conversatideisdntinued. Just
as for conversations between humans, both partners have to obey to basic conversaitoarddes
to be intelligible to each other (Novick & Ward, 2003).

Examples of systems providing infor mation from differ ent sour ces

In this paper two different applications are discussed that provide informatiordifferent sources:
electronic flightbags and electronic maintenance manuals. By looking at differenaaiic domains

a more general vision may be obtained of underlying human factors problems, agdidectans for
solutions may be found. Both flight and maintenance manuals are used for understargting gi
situations and (potential) problems, and for providing support in decision making and peyform
tasks to address the problems. Although maintenance and flight operations ardiffezent
processes, some commonalities may be found in the way in which information can be prasamted i
efficient and easy to understand manner. A major commonality is the safetgt@#ect; wrong
interpretations of the information may lead to major disasters and eveof logman lives. In both
operations, some tasks are performed under time-pressure while other tasks athonefoeflection
and time to search for information. In flight operations, there are also extrangelyt tasks, to be

decided and performed within minutes (or even seconds).

Electronic flightbags

An EFB is an electronic information management device that is used by crew rmemlimdtain
information currently provided in paper form. EFB devices can display etyari aviation data, and
perform basic calculations (e.g. performance data, fuel calculations, etc.) Theo$dbee EFB
system functionality may also include various other hosted databases and applicational BPRizsi
displays may use various technologies, formats and forms of communication (Shamad:2R00;
2003; Chandra & Yeh, 2006; Yeh & Chandra, 2007). Applications that are curesmatilgble in
EFB’s on the market are: Electronic charts, Electronic checklists, Electronic documents, Flight

Performance Calculations, Flight Planning, Surface Moving Map, Video Surveillaneath&y



information of all sorts, Logbooks, Electronic mail, Terrain awareness system, Nioig-takd
Traffic display. This list is not exhaustive, new applications are currently begomviailable
(Barnard et al., 2007a). Pilots use the information provided by the EFB intordsake decisions
about the flight, or to understand what is going on. This may take place during thebilightso in
preparation, or in debriefing after the flight. The EFB may also be wsddarning purposes, either

in formal training or in self-learning processes (Barnard et al., 2002).

M aintenance manuals

Maintenance operators use a set of maintenance manuals, such as the AMM (Amansghvite
Manual), IPC (lllustrated Parts Catalogue), and troubleshooting manuals. These manasaisiable
in an electronic format and use a viewer to give access to different manualso Nextnbanuals,
information is available about the particular aircraft to maintain, ankiigtery and configuration.
Also statistical data are becoming available about the frequency of maintgmahtmms. Data for
maintenance manuals come from the manufacturer of the aircraft, differematftagystems often
being manufactured by different companies, for example, the engine may come frorarentdiff
company. As modern aircraft integrate more and more electronic systems, the numbercafrprafdu
hardware and software may increase. A more radical step in having to deahfaithation from
different sources is the development of intelligent aircraft systems which aréogideform self-
diagnosis, and may even be able to do self-repair to some extent. We are moving t@itaedi®ia
in which maintenance manuals are connected to the aircraft system under mamt&vilaen a part
of the procedure is accomplished this is automatically detected and indicated irctitomielenanual.
For troubleshooting such options are feasible as well. In this way the loggingmorting process
will become automatic. If the system cannot detect a part of the procedurdhisealferator has to
give input. The system to be maintained may also take the initiative, and dpettythe right
procedure necessary to perform the right maintenance action, either becausedttes do so or

because a fault has been detected (Barnard et al., 2007b).

Human Factorsinvolved in using data from differ ent sources

When an operator uses information in order to make decisions or to perfasiy ad/she has to take
the following steps. The operator has to assess the situation and interpretder to determine
whether he/she should take an action, and if so, what kind of action. Based on thetatienpthe
operator has to search for information that is relevant. He/she haitdt fitom all the information
and noise available. When information is found, it needs to be interpreted wittl teghe task the
operator wants to perform, in other words, the information found should be matdedhev

operator’s interpretation of the system. The usefulness and validity of the information selected needs



to be evaluated. Finally the operator uses the information in making decisions arfidoming a

task. If, for example, there is a malfunction in a system, the operator hagde #us nature of the
malfunction, and search for information in the manual on how to remedy it. Theosgexs to make

sure that the malfunction described in the manual, and the task proposed by it,eateringehe/she

was looking for. Finally the operator uses the information from the manual to remedy the malfunction.
This example is rather straightforward, but things may become much moreaairtlf information
comes from different sources and with different statuses. If a pilot has tte deoether to go to the
airfield with this malfunction while bad weather has been predicted, heiiheawe to put quite

some effort into the matching and evaluation step. In all these steps a ®hhatyian factors issues

play an important role.

Perception and inter pretation of information

Already in the phase of perceiving and interpreting information, erraysbe made. Novacek et al.
(2001) found that pilots have difficulties with the graphical display of ME$AMeteorological
Aeronautical Report), because of the limited information they providégudifés in interpreting the
display, or their inability to present information timely. Easy perception is-seprésite for correct
interpretation. However, correctly perceived information does not neceskmidyto a correct
interpretation. Potentially dangerous situations may be shown in such a way thatrit &asy to
perceive them. For example, an area in which a thunderstorm is located may be caddured
However, there is a danger that in the pilot’s interpretation the areas around the danger zone are safe.
This may not necessarily be the case, for example because danger has not been de&szteseoit
is relatively smaller, but the situation still contains risks. Absence of @daleyt does not mean that
a situation is one hundred percent safe. The weather display in the experimental stadgoak et
al. (2001) in principle provided sufficient weather information, and was easy tbuismany pilots
did not fully understand that the weather they had to deal with was indeed bad and daagdrous,
thus made incorrect decisions. This is in line with Forman et al. (1999) whd fbat pilots do not
always fully understand weather information.

In order to be able to make decisions in certain situations, both flight and mainteparaters have
to build a mental model of the situation their aircraft is in and the events th&tkei place in the
future. So there are two representations of the real situation, the firgttbeirepresentation made by
the aircraft systems, and the second the representation the operator has of the siedidbed by
the representation given by the system. In both representations an abstraction sumeidéhe
richness of detail in the real situation. If the operator does not have sufficieotrect, information,
his/her mental model will be incomplete or even incorrect. If, on the other hanslystems provide
too much information, the operator's mental model will inevitably be a simplificatiche real
situation (Barnard et al., 2006).



Situation awar eness and wor kload

Having good and easy access to information (such as about routing and runwaysdogey
workload considerably. However, if information is displayed in a cluttered waif, are of the
aircrew does not have good visibility, workload may increase (Theunissen2€i(il), Chandra and
Yeh (2003), who perform evaluation studies of commercially available EFBs, ydesifirements
and recommendations concerning workload. Cf. page 6: “Using an EFB requires effort that may be
different from that of using paper. There may be effort involved in locating andtingehe display
for use and there is effort in looking at the display, processing tbemafion, and making any
necessary entries. Data entry can produce particularly long head-down times and Hkighdwor
Visual scanning of the EFB (without data entry) does not require as much leffonbay still be an
additional task fotthe pilot, depending on the function.” The additional workload required to use an
EFB may distract the pilot from higher priority time-critical taskbjch is particularly detrimental
during high workload phases of flight. Next to improving usability, a way of raguwsibrkload is
providing only high priority information in high workload phases of flighttfvaneveldt et al., 2004;
Chandrah & Yeh, 2003).

Information is needed to enhance situation awareness, the perception of elements imadhmentvi
in a certain frame of time and space, the comprehension of their meaning, and theoprofettt
status into the future. The time horizon for the projection into the futurediffay, both the very near
future, for example conflicting trajectories of aircraft, or the more-teng future, for example the
weather conditions at the airport of arrival for a long haul flight. Siheation awareness of pilots
could be enhanced by providing information on potential future aircraft situatiatedréo weather,
terrain and traffic, preparing the crew for difficult situations by providihegappropriate procedures
or information at an early stage. Lindholm (1999) expresses the need to correlatié situation
information (weather and anti-collision functions) with the flight planning. hese of flight (taxi,
take-off, departure, climb, cruise, descent, approach, landing, and taxi) redjtfeesnt kinds of
information (Nomura et al., 2006). Also, airplanes move rapidly between geagragiions and
weather systems. This means that relevant information about the airplane’s surroundings can change
quickly.

There may be a direct link with the workload issue. If an information syptemdes too much
information, or in a non-optimal way, the operator may be induced to spend too much time and mental
effort in regarding the projected future events, instead of on the immeditethas loosing

situational awareness of the current situation.

Dealing with uncertainty
Even the best information systems will not always be able to give complete intormaatut the
environment, sometimes information about the weather and its evolution is naibkevailr

incomplete. This uncertainty may be caused by the system not being able to saffiaient



information, or because the system is not capable of delivering an iratigpredbf sufficient
certainty. Comerford (2004) recommends presenting pilots with “hazard zones”, in which different
kinds of information are integrated. If there are no data or insufficient datatérmine whether a
zone is hazardous, she proposes to create and display an “insufficient data” zone. The pilots may, if
they wish, access a list of weather variables that are available hhbmbhe, but that are insufficient
to define together a hazard zone (or not), and so interpret the situationltesmbethis case the
system should also indicate the reason for the uncertainty. Comerford (2004) aegustspagviding
zones with varying degrees of hazards. These kinds of indications may ésely to
misinterpretation. Human beings are not very good at interpreting uncertainandaf@obabilities.
Another option is to indicate go and po-zones. The problem here is that a “go” zone is not
undoubtedly safe, there are always risks, and pilots should not be given false ideas of security.
Information may be of different ages. For example, terrain and traffic iaf@mon cockpit displays

is usually upto-date (only a few seconds old) but the age of weather information varies. Tihemweat
data captured by cockpit instruments istoygtate (less than a minute old) but the age of data up-
linked from the ground may vary between tens of seconds and several hours. These dhtaeshoul
treated differently. However, dealing with time issues is difficult for most peoplagCetlal., 1996).
Weather situations also evolve over time. It is not always easy to fgoodarepresentation of this
evolution. An important problem in the Novacek et al. study (2001) was the defdgrimation. The
weather information displayed was sometimes 7 to 14 minutes old. This inattitet position of a
storm in relation to the aircraft and to the airport was not correctlyagisgl The pilots were looking
at images that were playing in different time frames. As represemtatid interpretation of time is in
itself already difficult, having to keep in mind (and thus in the mental mdukithe position of the
aircraft is a few minutes advanced in relation to the position of a displayed wpht#m@menon

seems rather complicated, especially in a stress situation.

Dealing with factual versusinterpreted information

An information system may present factual information or interpreted iaf@wm Factual
information consists of raw data, without an indication to the user of wwt@a with it. Interpreted
information is information that has already been processed by the system, prebentisgy twith an
interpretation that is related to the task to perform. For example, a weather systpneseay factual
data indicating the location and speed of strong winds, but it may also give irimfermation
such as indications of the danger these phenomena present, the position of safe airports, etc.
It is important that the user is aware of whether the information systerovisling either factual or
interpreted information, in order to know the level of interpretation hé¥ateo perform him/herself.
If the information takes the form of dynamic images or icons, this may beca@namre important
(Curry et al., 1998). If symbolic information behaves in such a way gis¢dhe impression of being

realistic, such as, for example, icons representing thunderstorms movingrfeoanea to another, the



user may be inclined to think this is a realistic image of the reltigin. However, the symbols may
just represent areas in which there is a potential risk, or a weathersforEoa pilot may even be
inclined to view the information displayed as a map, which can be used to sauigand the storm,
even if this use was not intended by the manufacturer (or allowed by the airline and the authorities).
Note that giving detailed factual data may even be impossible. Comerford (2004)vaite®n
weather types where 200 different types are distinguished. It is imposs#ilew the pilot all these
different types, nor would he/she know how to deal with them. So weather informatientpces
usually interpreted information. Weather types are often not isolated; wesztha consists of
multiple types of weather (for example wind, rain and lightning combinedprditg to Comerford
(2004) knowledge is lacking about what the main, combined, weather types are thabsare m
important for aircrews. Also, allocation of different conditional weights to wegithenomena is
needed.

Biological aspects

Finally, operators are not just cognitive beings engaged in information procdsagirftumans who
have bodies with biological properties. The biologiggiect of humans’ reactions to information
should not be neglected. Vaa (2005), studying car driving, emphasises this issue. @hebbdyn
may be seen as a monitoring system, the body is constantly receiving, detectingegrdtiimg
information both from the environment and from the body itself. The biologataire of humans
ensures that this mechanism performs automatically, using all the senses avadatiée to ensure
the safety and survival of the organism. However, this monitoring system is nadautibpecially
when dealing with highly technological environments which are outside the scope obliteavof
the species. When dealing with information that is not ecological, the organismomiayerpret and
react correctly. Of course, humans can learn to deal with technology, such as driving a car or flying an
aircraft. However, when introducing new systems, one has to be aware that cogtetipesiation,
acquired by learning and experience, may conflict with the more biologicaigdbavay of

interpretation.

I nformation display solutions

In the previous paragraphs several solutions for displaying information weaeabliscussed. In the
literature and in dedicated studies and reports, a wealth of detailed recomarenidaid be found on
usability aspects of information display. For example, Mejdal et al. (2001) gideliges on the
design of multifunction displays. In this section three general approachdssarébed that address
the display of complex and heterogeneous information: providing information iersjay

contextualisation of information, and integrating and interpreting information. Eganapé given



from studies in the aviation domain, both flight operations and maintenancenptfat EURISCO

International.

Layers
Providing information in different layers is a concept that helps to provide the adeqoateatidn
related to the context of the operator. For example, the concept of havinganém in different
layers was developed for pildtdocumentation (Blomberg et al., 2000). Pilots do not need the same
amount of information in all circumstances. For example, during a flight theipilasually only
interested in what to do and how to perform a procedure. If there is marefdir example during a
long cruise phase, or in debriefing, the pilot may be interested in the question & wgdrjain
procedure should be performed. In training, in order to understand why the agrdrefftaving as it
does, the pilot will want to know more about the workings of subsystems. Haiffieigent amounts
of information is not only a matter of personal taste, but is closely relatée tgafe and efficient
operation of a system. During operation, especially in a critical situation,rdalyniation should be
given which is strictly necessary. For these reasons the concept of nfomaation layers was
developed:
e Layer 1: information related to the safe operation of the aircraft, providongise
information on what the pilot should do.
e Layer 2: information giving the rationale of the actions described at Layee phttosophy
of use, and additional information on operations not directly linked to safety critical issues.
e Layer 3: detailed information on the functioning of the aircraft.
The three layers ensure that the user is provided with information appropribig/tier goal: during
operation only Layer 1 information is needed, if the user wants to know the explanatithesk
actions and the reactions of the aircraft, Layer 2 information is needed, #rel ifer wants to
understand the working of the aircraft, Layer 3 information is useful. Fortenaimce work these
layers could be defined as:
e Layer 1: information needed to perform the task, such as the steps in a procedure.
e Layer 2: explanations of the reasons for a task, the way in which it hap&sfbemed, and
the precautions to be taken, as well as the relations to other tasks.
e Layer 3: explanations about the workings of the systems and all technical details.
A layered approach may present information of different status, certainty andofestetail on
different layers. In situations where operators have to act quickly, only one laydrenpresented. If
they have more time, operators may engage in looking at other layers. In a lagpredch,

information remains connected, but is filtered out according to the current needs for aasitain t



Another option is to present information on graphically different layees 3D image (e.g. Wong et
al., 2005). Layers may be transparent so that users can focus on information at aesettarhile
maintaining awareness of information at other levels. This kind of représaatas becoming
common in web-based applications dealing with large amounts of data, presented incalgBaphi
format, for example from data mining applications. Such representations mightresemtpnew

options for aeronautic information.

Contextualisation

Information may be dynamically configured to match the actual situation. Thisalled

contextualisation. In this case information is provided that can be used to clisgabeisituation of

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

application, including the user and the application itself (Dey, 2001). The contextsaatsed of

constraints to limit the amount of information (Bazire & Brézillon, 2005).

In a project concerned with innovation of flight documentation (Ramu, 2008; Ramu 20GS;,

Ramu et al., 2004) a categorisation of the constraints was developed related diré¢loteguestions

an operator may ask him or herself when coping with a situation:

=  What will | do? With this question, the operator wants to anticipate the operatishal tb
perform in a given situation. For example: “what about performing a geround?”

= What do | use? With this question, the operator seeks knowledge about systems and interfaces
used in a given situation. For example: “what about the antikid system?”

=  What if | have? With this question, the operator wants to analyse what wiinrohappen if a
given situation is submitted to certaionditions. For example: “what about a hydraulic fault and
low visibility at my arrival airport?”

In this project a demonstrator of pilot documentation in an EFB was developed, in mfbichation

is searched for and presented in a contextual way (Ramu et al., 2006; Ramu & GOEI, 2

Information input about the context may be from both the pilot and the aircsédnsy. The context

is agreed and refined in a dialogue between the pilot and the information systeseleBing

environmental conditions, phases of flight, actions and operations, and systems, the pilatderan

guery to the information system. In this way the pilot is presented dimgittiyall the information

that is relevant for the current context. Not only information from the managlbe presented, but

also other information, such as bulletins. This demonstrator was evaluated wih(Rdmu, 2008).

They found the information system easy to use and helpful. However, it is a differgiof dealing

with information, and pilots would need to get used to its different logic.

Also in the maintenance area a study was performed on contextualising manuals (Balagrd

2007b). Several demonstrators were developed trying out different ways of conteuallaathis

case contextualisation serves as a filter on the manual. The context may betlsetajine or

maintenance organisation or by the technician him/herself. Also data from the &ystafhs may



provide input for contextualisation, for example about the configuration andstioeyhnf the system.
During evaluation maintenance technicians indicated to appreciate this approach, but they eimphasise
that it should at all times be transparent how the filtering was done, anddahbs/want access to all
other information if they should wish it. It is also important that safeticariinformation, such as

warnings, should be visible at any time.

Providing an integrated picture

In current EFB’s, information is often presented in separate frames or windows. The operator has to
select a section, such as information on the terrain or on the weather. Maint®aanoeds also have
separate sections for different issues.

There are several ways of integrating information. A simple way of doing &ohkisng relevant
information from different sources into one frame so that the user does eabhaavigate from one
(part of) a manual to another. In a demonstrator on maintenance manuals théategragayiven the
possibility to open links to other manuals in the same window as the procedwieoh he/she was
working (Barnard & Reiss, 2006). More advanced forms are integrating gra@iicahd animations
with textual descriptions. In a study on the use of 3D animations in maintenance manuals (Tapie et al.,
2007), several forms of this kind of integration were tried out, such asatedescriptions next to
animated images, and starting the animations from a step in the procedure, where tmldser
follow the animation step by step at his/her own pace. Although technicians were vennrfawaiur

of the use of animations and 3D images, they perceived a danger in being too much foctissed on
images, and not paying attention to the text, thus running the risk of misgdogtant details and
warnings.

Images, and especially animated 3D ones, may grab a user's attention quite. stitoeglmnay be
easy to interpret and to use. However, the images are usually a simplificatierredlity, or provide

a synthesised picture, leaving out details.

Discussion and conclusions

Displaying information from different sources and about different issues, such as infarmdieBs
about weather, traffic and terrain, in an integrated picture is a solution for enh#reisgpport of
operators in making decisions in potentially risky situations. If the most impadrnfmnmation is
extrapolated and displayed in a concise way, avoiding cluttered screens, this maynéniyng
advantages to operators. It makes information easier to perceive, and oggeatmspresented with
several different kinds of information at the same time and all competingttemtion. As the
complexity of information is reduced, operators need to make less effoldtaming information

from the system, and spend less time on interpretation. This means that the wierkéshited and



operators can focus on the most important elements. In time-critical situations, decisions radg be m
faster, enhancing safety.

However, there are also some risks in integrating information. An important istsustisOperators
may either trust the information too much, and become less critical, not sgafohiadditional
information when needed. Or they might not trust the information enough, becausdotimey
understand how it was compiled. This may lead to superfluous search faoredditformation, for
example to look at the details of the information or to inspect the comgfidaita from which the
synthesised information was derived. If operators do not trust the system thepenigtiined not to
give the information its necessary weight in their decisions, and to usecotBea. Both concerns
were expressed in interviews with maintenance technicians.

If the system provides integrated, easyuse information, operators may, on the other hand, come to
feel too confident and comfortable about the correctness and adequacy ofrthatinfa They might

be inclined to take more risks. For example, by being provided with hazard zones agiitdvenied

to think that zones that are not indicated as dangerous are therefore risk-dsmnting information
relevant for the context in a focussed way, for example on a foreground levdeadayperators to
neglect background information that is also relevant.

In order to reduce the risks of integrated information several measures rakgheMake sure that
the operators understand the system and the general way in which information iseithtetnast
requires training and a careful introduction and implementation of new information syBRitotss.
and maintenance technicians are usually trained intensively in using manuals, instandesttser
information systems. If they are required to use new systems that present imiorbnatisinga
different philosophy adaptation is needed. In interviews with both pilots and maintéecmeieians,
who interacted with demonstrators of innovative manuals, these concerns were formulated.

When information is presented on different levels, or is available in both atédgand non-
integrated form, operators should have the possibility to switch easily. Transpaemagdied on
what information is available and may be accessed in order to avoid confusion. Shiftingnbetwe
different kinds of information should be made easy, avoiding confusion. By providing open,
transparent information systems, trust will be enhanced.

This paper focuses on information from different sources and of differens statwviation. Other
safety critical domains, such as the process industry and road transport, shargsiligans. For
example, in cars, information systems are becoming available that combine information from different
sources. These include, among others, displays with combined traffic and weatheratioh,
cooperative systems providing information from intelligent traffic systems and o#ing, giving
warnings about accidents or traffic jams ahead of the vehicle. Such information rnaynb&ed

with navigation information, for example advising to take another route. rAsaca being equipped
more and more with advanced driver assistant systems and nomadic devices providimdg af k

information, the challenge of combining information in such a way that drivers are not distracted from



the driving task is pressing. Single information screens, combining informatan different
sources, are becoming available. As events in road traffic may develop very rapidly, it is of the utmost
importance to prioritise information. Warnings, and indicating the behaviourishatmediately
required (such as braking) should always have priority over giving informageded for more
strategic purposes, such as finding the most efficient route. Some of the conesptgegt in this

paper may be of interest in other domains, but should then be tailored to the natedstoethe
specific users' tasks.
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