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ABSTRACT

This article describes the impact of a pilot's aftonal awareness (SA) on the quality of
decisions that are made by him or her. Situatiamalreness has been defined as a state and
as a process. The article also refers to how thatginal awareness and the decision-making
process interact. The decision-making process @ntbmponents have been defined. Based
on author’'s own research as well as conclusiongmfeom the subject’s literature, the im-
portance of an acceptable SA level for the copeagress of a pilot's decision-making process
(and the likelihood of making a good decision) basn pointed out.
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INTRODUCTION

Making decisions is an inherent part of human #gti\Regardless of the
activity area covered by the decision, there iserarless likely risk that our actions
will fail. The specific nature of aviation operat® makes the pilot (the operator of
an aircraft) make decisions in times of high memsta¢ss and under time deficit
conditions. And it must be noted that too oftenpiiet is forced to make decisions
that far exceed his or her competence level, armbisequence he or she becomes
the victim of others’ mistakes or violations. Itaien noted in the subject’s literature
that it's important to train the pilot to make dgons that are part of air operations,
including decisions that have to be made in sumisituations. When talking
about safety of air operations from the perspeatif’z¢he pilot (the operator), we
usually consider his or her competence, that iletoomprehended as the knowledge,
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skills, level of training, or experience. Thes@wailto perform specific aviation opera-
tions. The author’s research point out that thetisilreadiness to perform aviation
operations may also be determined through his oalhidity to achieve and maintain
an acceptable SA state and develop decisions,andgh showing an acceptable
level of competence to implement these decisions.

SITUATIONAL AWARENESS AS A PROCESSOR STATE

Putting it really simply, situational awarenessiidatabase of its kind with
information about the state of an aircraft in aegivask environment. It should be
looked upon as support of a higher level to avbiedts and/or reduce associated
risks while performing an aviation operation. SAyntee regarded from three basic
perspectives — as a process, as a state, and fremerspective of its place in
decision-making process by the pilot.

Execution of the SA procesdy the pilot is done with the aim to achieve
a desirable level of knowledge — SA state, whiclkdsential to define a problem,
and then to come to a decision in order to soly¢hits maintaining the required
level of safety while carrying out an aviation ogté@n. The SA process is to be
regarded from the perspective of three basic st@agsl):

1. Perceiving information from the task environmenheTreceived data is crucial
with regard to the safety and the stage of an tipera

2. Processing the data into a mental model of theadirstatus.

3. Projection of future aircraft status within a giveeriod, while taking into
account data from the abstract model of the air¢caimposed in 2nd stage) and
the anticipated changes in the environment of @ircperation.

Achieving a desirable SA state by the pilot is gmbgsible when a desirable
quality level (which is the condition for the coeteprogress of the next process
stages) is achieved in all stages of the procdssul& the quality level in any stage
of the process not be good enough, the pilot isefdrto search for the error on
subsequent levels of process execution. This mideprocess far longer and may
be the cause of a short-term or long-term lossffThis state is to be regarded as
a threat to aviation safety.
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Fig. 1. Sub-states of pilot’s situational awareriaggarticular stages
of the process and the course of that process fudy]

Experts’ opinions and the analysis of causes ofesindble flight-related
events point out that the primary sources of terermade in the 1st stage of the
process (Perceiving information) are:

— the lack of, or restricted access to information;

— not clearly comprehending the information;

— incorrect information that results from a failureaosystem (or device) or from
a low level of pilot (crew) competence;

— the mistake made while reading the gauge;

— mental loss of information by the pilot or rejectiof this information.

In the 2nd stage (Processing data) some of thddagrs that influence the
creation by the pilot of desirable mental modethef aircraft are:

— pilot’s psycho-physical traits;
— level of competence shown by the pilot;

— the quality of information collected from the taeskvironment;
— the dynamics of changes in the task environment.

2072013 73



JAROSLAW KOZUBA

In the 3rd stage (Projection of future aircrafttis$ain a given period), the
key elements are:

— the quality of the mental model of aircraft statiuat was composed on the 2nd
level of the SA process;

— the difference in time between the ‘future statosaigiven period’ and the
actual time of creation of the mental model of direraft status;

— the dynamics of changes in the aviation operatioiirenment — involving the
weather, air traffic intensity, technical conditiofithe aircraft, communication
level etc.;

— the scope and the quality of information that ithatpilot's disposal, pertaining
to changes in the aviation operation environment.

It must be stressed that the factor which detetésréhe capability to act
correctly during the above stages of the SA proeHse emergence of a particular
situation that forces the pilot to perform actidhat are not seen in the Standard
Operating Procedures (SOP), with which the pilatéd familiarised.

The termstate of situational awareness usually applies to the influence of
SA on the quality of performing aviation operatidnsthe pilot, or for referring to
a wide range of factors that have an influencehenléss of SA by the pilot — in
case of an undesirable flight-related event, @hdf pilot shows a desirable level of
SA state — in case of a successful flight. To deitee the factors that have an
influence on the SA state by the pilot, we musered the subareas of situational
awareness and the elements that decide upon nmangta desirable SA state by the
pilot, with regard to all subareas that are defibekbw (Fig. 2.).

1. Geographical Subarea of Situational Awareness (GSSAhe state of knowledge
exhibited by the pilot regarding the current paositof the aircraft (geographical
coordinates, position relative to terrain points.)eind its change in a given
period. The knowledge is acquired with the helpgeheral navigation and/or
radio navigation/satellite navigation, taking irgocount the wind direction and
wind velocity, and the assumed flight parameteiSS& refers to the following
elements that are related to the position of theraft (and their usefulness in
case of an emergency situation): position of therait relative to natural or
artificial landmarks (prominent natural and artdicterrain points); natural
topography in the flight area with particular foaus take-off and landing zones;
airspace elements within the flight area (routestricted zones, dangerous
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zones, low-noise zones, military zones, resporisibérea limits, country
boundaries etc.); operating procedures, incl. STARD? etc., category of an

airfield that is at the pilot’s disposal.

Undesirable
Flight-Related Event

Y

/ Safety Subarea of Situational Awareness (SSSA)

/ Environmental Subarea of Situational Awareness (ESSA)
/ Task Subarea of Situational Awareness (TSSA)
/ Procedural Subarea of Situational Awareness (PrSSA)
/ Psychophysical Subarea of Situational Awareness (PsSSA)
/ Spatial/Temporal Subarea of Situational Awareness (STSSA)
/ Instrumental Subarea of Situational Awareness (ISSA)

/ Geographical Subarea of Situational Awareness (GSSA)

Fig. 2. Subareas of situational awareness and irab&sflight-related event
from the perspective of the domino effect modelratudy]

2. Instrumental Subarea of Situational Awareness (ISS#the state of knowledge
exhibited by the pilot regarding the correct regdimf flight instruments, incl.
navigation/radio navigation instruments, instrumsentonitoring the technical
condition of aircraft devices and systems. The Kedge also comprises the
ability to recognize incorrect readings of instruntse(and the causes of these)
and to properly counteract those problems. ISS#&lated to the crew’s ability to
correctly interpret flight instrument readings,rézognize deviations of readings
that are over permissible range (or the lack ofiregs). In case of problems with

! STAR — Standard Instrument Arrival.
2 SID — Standard Instrument Departure.
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instrument readings ISSA also relates to takingpastin order to safely continue
the flight, that is using alternate instrumentgnitng on pressure transmitter
heating etc.

. Spatial/Temporal Subarea of Situational Awarené&SESGA) — the state of

knowledge exhibited by the pilot regarding the mpabcation of an aircraft
relative to the ground in the basic Frame of Refeee(X, Y, Z) and the
anticipated changes in location in space followagnges in the position of
control instruments/devices, while taking into agaiothe operating limitations
of an aircraft.

. Psychophysical Subarea of Situational AwarenesSBRy — the state of

knowledge exhibited by the pilot regarding his/loevn psychophysical state,
based on his/her own feelings and unusual bodyimivaduring the flight, and
the impact of those changes on the ability to cotian air operation. This also
comprises the knowledge of psychophysical statetloér crew members (multi
crews) and its influence on the operation beindopered in the definite future.

. Procedural Subarea of Situational Awareness (PrsSAfe state of knowledge

exhibited by the pilot regarding the compliancewifrently used procedures with
those outlined in appropriate aviation regulatiq@a#field, operational and
emergency regulations etc.) and the effects oficointy to use these procedures.
Other procedures are possible to apply in the deffuture, while taking into
account the anticipated changes pertaining to dkke ¢nvironment or technical
condition of an aircraft etc.

. Task Subarea of Situational Awareness (TSSA) — dtade of knowledge

regarding the correct performing of the operatiasda on available flight data
and the information provided by the flight contstff, while taking into account
the previously developed flight plan and the palsitof continuing it given the
changes in difficulty that are the result of chandre the task environment and
the technical state of the aircraft in the defifiteeire.

. Environmental Subarea of Situational Awareness fSS the state of knowledge

exhibited by the pilot regarding the task environinparameters — internal
environment (aircraft cockpit) and external enviramt (weather conditions, air
traffic intensity etc.) at a particular stage of ain operation, based on flight
instruments readings and interpretation of extenwmalditions, messages from
flight control staff, incl. their influence on thlpiality and safety of the flight. It
also comprises the state of knowledge regardinggd® of flight environment
parameters and their influence on the flight indbénite future.
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8. Safety Subarea of Situational Awareness (SSSA) e-dfate of knowledge
exhibited by the pilot regarding the safety levehilew performing an air
operation, based on information from the task emvitent (collected in real
time) and the likelihood of maintaining the desleabafety level of the flight in
the definite future.

To sum up, the state of SA exhibited by the pilomprises the whole
knowledge which pertains to the state of an aitdrafspecific task environment
conditions, with particular focus on the assumatksdf an aircraft (that was specified
during the operation planning stage) and the aabéptafety level while performing
an air operation. SA subareas are of particulaomance when regarded from the
perspective of the requirements for the pilot. Megthose requirements should
allow to achieve the desirable SA state at eadesth an air operation. They may
also be used when investigating causes of unweldbgi-related events. To say,
that at the time of an accident the pilot exhibiggldw SA level, is not good enough
to effectively prevent accidents from happeningmgé&/hereas to say, that the pilot
exhibited a low SA level in the Geographical Subaf@ue to insufficient level of
knowledge regarding the flight area and the procetiu execute in case of the loss
of geographical orientation), allows to take appgaip actions to prevent such situations
from happening in the future.

THE IMPACT OF SITUATIONAL AWARENESS
ON DECISION-MAKING PROCESS

Making a decision boils down to carrying out by thiéot the process of
selection of the method to further pursue the #ids/in order to resolve a specific
problem, related to the operation. As a rule, ttoblem is defined through:

— determining the difference between the assumethétistate at a given operation
stage and the actual state;

— determining the difference between the actual afitgtate at a given operation
stage and the state determined by the change iméfieod of carrying out the
task; this change usually results from change$iénanticipated state of task
environment — weather conditions, psychophysicatiesof the pilot, technical
condition of the aircraft etc.
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According to George P. Huber making a decision nhestdistinguished
from making a choice and solving a problem [4]. bédieves that making a choice
involves a limited scope of activities that areatetl to a set of options. Making
a choice is regarded as one of the elements oSideemnaking process. Whereas
solving a problem is to be regarded in terms ofaath scope of activities aimed at
searching and implementing actions that lead toection of the task situation
which has deviated from what was assumed or forcethe first place a problem
must be defined, and then a solution found andsaetimade, regarding further
actions. Having assumed that defining a problethdsbasis for effective decisions,
and using the decision model adhered to by thd pHooperator (Fig. 3), we are
then able to define the role of SA state with foousthe correct decision. The
decision is likely to make the aircraft revert tal@sirable state (determined by the
stage and environment conditions), through chandilight parameters and
maintaining safety standards.
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LEGEND:
M - desired state of the aircraft
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Fig. 3. Decision-making process to be used by ilo¢-pperator with acknowledgement
of additional element — situational awareness[1, 4

As mentioned above, SA is a database of its kirtd wmformation of the
state of an aircraft in a given task environmeiisTinformation is key to perform
a decision-making process, which comprises fouiclsages:
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Stage |.Defining the problem — diagnosing the differencehe state of an
aircraft while taking into account the desirablatstof the aircraft (determined
during the preparation stage) — flight parameteisdividual stages of air operation,
which allow to achieve the goal of the operationilevhaking into account the
requirements imposed by the state of task envirommed the states of the aircraft
that result from the state of SA by the pilot — t@models of the state of the
aircraft that determine its actual state and thtesinticipated in the definite future.
If the models of the state of the aircraft that e result of the carrying out of SA
process are concurrent with the model of the deleirstate (M — SA: 0) at a level
which allows to achieve the operation’s objectiviesther actions by the pilot are
tantamount to regular diagnosing the state of theradt. This process is repeated
until the desired state of the aircraft is diffarénom the actual state of the aircraft,
and the difference is large enough to be a theettd operation, and/or may be the
cause of violation of the safety rules that arelibig during the operation (M — SAO).
According to G.P. Huber’s theory this differenceynme regarded as the problem
that needs to be resolved in subsequent stagexisiah-making process.

Stage Il. Determining variant solutions to a problem — warkout several
variants of a solution increases the likelihood@ming to a decision that will allow
to achieve a goal in minimum time and to optimalge resources that are at the
pilot's disposal. These elements are particularigartant from the point of view of
carrying out an operation. They are implementech wiigh dynamics of change
having been taken into account. It is to be noked the pilot-operator’s capability
to determine variant solutions to a problem iséfrglependent on his/her experience
and level of expertise.

Stage Ill. Selection of an optimal variant of a problem solut— the pilot
estimates each variant solution, keeping in mine #mticipated level of their
effectiveness and risk. The effectiveness of reggewariants can be graded using
one of the two criteria:

— the perspective of the goal to be achieved/reseutbat are at the pilot's
disposal,
— the likelihood that this variant will solve the ptem.
On the one hand, some variants may be deemed tpitie effective, but

limited resources that are at the pilot’s dispeglilmean that the pilot will have to
reject those variants at the estimation stage h@mwther hand, despite the availability
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of full resources that are needed to implement @ang the low level of its
effectiveness will force the pilot to reject it. \&n variant solutions have been
preselected, the pilot's task is now to estimate ihdividual risk of each of
themWhen considering risk management in procesoaph, we are presented with
six basic stages:

Threat identification

Risk assessment

Minimising risk

Making a decision

Implementing a decision

Supervision and the monitoring of changes [5].

Only the £ 2 and & stages are carried out at this stage of decision-

making process:identification of threats that eraeirgm choosing a variant of a

problem solution (Stage I) — involves using the rappate identification
techniques used to determine existing or potetiiraats;

risk assessment (Stage Il) — boils down to usirantjtative and/or qualitative
risk measures in order to determine the likelihaydrisk and the effects
resulting from it;

minimising risk (Stage 1) — boils down to the assment of possibilities for
total risk elimination or the reduction of it to anceptable level (which allows
to pursue an air operation while maintaining treuased safety parameters.

It must be stressed that there are rules for tbetpiadhere to while estimating

risk during the process of selecting the optimaiard solution. These include:

1.

80

Do not accept unnecessary risk. While making dewssitasks should always be
carried out at the minimum level of risk. Only aptable risk may be agreed to,
that is inherent to the task. The acceptable &skllis not to be tantamount to the
notion of hazard.

. Accept the risk if benefits are greater than co$tsere must always be the

calculation of profitability of the risk to be takén the light of expected benefits.
Risk is always associated with the potential tcawmbtsome benefits, and the
greater the gain, the greater the risk. The objectif the risk management
process is not to eliminate the risk but to redilde such an extent, so as to
make the acceptable losses minimal.
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3. Take risky decisions on a suitable level. By malarggecision on a suitable level it
is possible to clearly indicate the person respadior it. The suitable level
means that the risk-laden decision makers are nsgge for the task to be
carried out and are given sufficient means to redbe risk or eliminate threats.
This rule is of particular importance in case ofwes comprising of several
members.

4. Plan to anticipate the risk and handle it in a cetapt way The key factor to
choose such an approach is the time.

When choosing the best available method of handipegific risk that is
connected to a specific variant solution, the piitould plan to meet the
requirements of implementing the solution and tialke account the specific nature
of air operations.

Stage IV. Implementing decision and assessment of its effddaving
implemented the decision the pilot should keep amtching the situation. Is
everything going according to the plan? What ispesying in the task environment
as a result of implementing the decision? Doegddwsion bring desirable effects?
Do changes in the task environment affect implemgnthe decision? The pilot
should not forget about the necessity of furthentdying potential risks and any
uncertainties that are connected with the deciseing implemented. One should
not regard the implementation process as somethizigis done automatically. In
case of any disturbances emerging, e.g. significhahges in the task environment,
one should take corrective action or abandon impidging the variant solution.
Therefore making decisions by the pilot is to bekkd upon as a continuous
process, which is done regularly at each stageedbpning an air operation. As
a rule, the intensity of running decision cyclesdisectly associated with the
dynamics of changes in the task environment arti®magnitude of the problem
that results from the difference in the assumedthadictual states of the aircraft at
a given stage of an air operation.

Situational awareness is regarded by some researabean element that is
separate from decision-making process and not astagral part of decision-
-making process [2]. This approach is justifiedEndelsey, by saying that even the
perfect SA state does not ensure that the SA ispladely true. The results
of research done by him (regarding the influencburhan factor on the emergence
of undesirable aviation incidents) point out thét626 of the crews exhibited the
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desirable SA state, and nevertheless made wrongiales. Smith and Handcock [6]
are of similar opinion, stating that the pilot's $#fate has the impact on his/her
decision which in turn is key in forming the pil®tSA state. This means that they
should not be regarded as one process. What is, ther@uthors say that decisions
and SA do not usually go together as elements efpoacess. In light of the above
findings, carrying out the SA process and achiewrgpecific SA state by the pilot
is not necessarily tantamount to performing theisii@e process. The question is:
when does the pilot start performing the decisi@mt@ss? In experts’ opinion [2, 4, 7],
the impulse to start a decision process by the fElthe occurring of a significant
change in the task environment, which forces th& pp compare the current state
of the aircraft (determined by the state of SA)hwiihe reference model outlined
during the planning stage of an air operation. Tikaivhy it is so important to
maintain the desirable state of SA by the pilotéath stage of air operation. Wrong
reception and/or selection of data by the pilotseaslthe mental image of the aircraft
projected in real time and the definite future twobe in agreement with the actual
state of affairs, thus rendering all analyses anlisequent decisions highly
erroneous. These decisions are very likely to lzavenpact on the desirable state of
the aircraft, determined by an air operation plan.

In conclusion, the more concurrent the mental imaighe aircraft is with
the actual state and the state in the definiteréufthe state of SA), the higher the
likelihood of making the right decision by the pil®bviously, there are many fac-
tors in decision-making process that are more g8 tdosely dependent on the pilot,
that may affect the effectiveness of the decisiuth the safety level of an air opera-
tion — knowledge, skills, experience, training aedources that are at the pilot's
disposal, as well as atmospheric conditions, dssiof flight control staff etc.
However, these factors are of secondary importdocethe appropriateness of
pilot's decisions if the pilot exhibits a low levef SA. Endelsey is also of this
opinion. He believes that it is possible to makeght decision when the SA level is
low, but this is to be regarded as good luck, mathan the result of a decision
process based on dependable data.
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CONCLUSION

The unpredictability, the dynamics of changes dmediigh risk inherent to
a task environment that the pilot is in means finaper approach, exhibited by avia-
tion organizations and flight control staff to issuelated to situational awareness, is
key to maintaining an acceptable safety level. @halysis of causes of undesirable
flight-related events as well as conclusions drdem the subject’s literature [5]
point out that it is the human factor and the aatégt of an aircraft to its capabilities
and limitations, that have the primary impact ohikiting the desirable state of SA
by the pilot at each stage of an air operation. atihor specified two basic areas
that have an impact on preparations on the pif@is, and on ensuring the conditions
for performing an air operation are desirable. Titst area comprises organizational
and technical aspects of aviation activity. Theosdcone comprises the activities
related to preparing the pilot (education and trgjjto perform air operations. En-
suring high standards in the areas of: organizatiawtivities related to aviation
safety; recruitment and selection of pilots; ba&slacation, performance improvement
training and practical training of pilots; and peogockpit adaptation to the pilot’s
abilities and limitations is key to providing théagb with knowledge, skills and
opportunities for skills improvement. These areeafial for achieving a desirable
state of situational awareness.
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STRESZCZENIE

W artykule opisano wptywwiadomdaci sytuacyjnej pilota (SA) na jaké podejmowanych
przez niego decyzjSwiadomd¢ sytuacyjna zostata zdefiniowana jak stan i profeg/kut
odnosi st réwniez do tego, jakiwiadomd¢ sytuacyjna oraz proces podejmowania decyzji
oddziatup na siebie wzajemnie. Zdefiniowano proces podejrmiavdecyzji i jego kompo-
nenty. Przedstawiono réwriena podstawie badaautora i wnioskoéw wyprowadzonych
zZ literatury tematu, znaczenie dopuszczalnego paziéwiadomaci sytuacyjnej pilota dla
poprawnego przebiegu procesu podejmowania decymjawdopodobigstwa podgcia po-
prawnej decyzji.
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