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Abstract

The project Next generation Intelligent Cockpit (NICo) of the German Aerospace Centre (DLR) aimed at devel-
oping assistance systems in the context of single pilot operations (SiPO). Failure management is one challenge
of SiPO because it places the highest demands on the crew. In order to make an informed decision, the ef-
fects of a failure must be determined quickly. Automated provision of relevant facts in the respective situation
can relieve the pilots of bothersome tasks like gathering data and combining information. In previous studies
DLR investigated criteria pilots apply when considering options for alternate airports in case of diversion from
the planned destination. Criteria including distance to airport, fuel on arrival, stop margin and crosswind were
identified as relevant for pilots deciding where to divert. Based on the findings, DLR designed a prototypical
graphical user interface (GUI) that should assist pilots with finding suitable airports. It was tested during a pilot
study carried out remotely in scope of a master’s thesis.

The aims of this study were to assess the feasibility of the GUI's various features by gaining pilot feedback on
its usability and improvement possibilities. 14 pilots with current or past Airbus A320 type rating performed two
online exercises and completed associated questionnaires. The pilots made use of different GUI features when
considering their options to divert after encountering malfunctions that were not time-critical. In an analysis of
results, it became evident that pilots rated the prototype overall favourably, although they approved of the
functionalities to varying degree. The feedback is valuable for the ongoing development of the application and
encourages to consider the duration of the mission, i.e. short-range or long-range flights.
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1. INTRODUCTION

As global air traffic is forecast to grow significantly in
the future and qualified aircrew is becoming scarce
[1], concepts of reduced crew operations (RCO) have
been investigated [2]. In recent times, the industry has
been focussing on developing ideas to minimise the
number of active crew members during cruise while
one crew member is resting (extended Minimum Crew
Operations, eMCO) [3]. Further reductions would lead
to single pilot operations (SiPO) albeit neither concept
is yet certified for EASA CS-25 aircraft. The project
Next generation Intelligent Cockpit (NICo) of the Ger-
man Aerospace Centre (DLR) aimed at developing
assistance systems in the context of SiPO to support
and relieve pilots in phases of high workload [4].

Such a phase of high workload can be encountered
when unforeseeable incidents (e.g. medical emer-
gency, system failure, weather deterioration, airport
closure) occur during a flight. If these require a
landing at an alternate airport that is not included in
the flight plan, the pilots need appropriate systems
to identify a suitable alternate airport. The variety of
possible incidents, the surrounding topography, and
the prevailing weather conditions make it impossi-
ble to foresee every possible scenario during flight
preparation. There is therefore a need to be able to
react to incidents during the flight and to eventually
identify an alternate airport.

According to EASA Air Operations [5], a distinction is
made between four categories of alternate airports.
Firstly, so-called destination alternates are taken into
consideration if a landing at the destination airport is
not possible. En-route alternates are located along
the flight route and are considered, for example,
in the event of technical defects or incidents in the
cabin during the flight. Reduced contingency fuel
alternates represent the third category and are taken
into consideration when at a pre-determined point on
the flight route there were not enough fuel available
to land at the actual destination airport. Fourthly, the
so-called take-off alternate airports are approached
if a malfunction occurs during take-off. For alternate
airports which are included in the flight plan, relevant
airport and weather data is obtained in preparation
for the flight and discussed in the briefing. During the
flight, weather conditions and other relevant data are
constantly monitored for these alternate airports [6].

Pilots are trained to adhere to decision-making
schemes, e.g. FORDEC. The mnemonic acronym
FORDEC abbreviates the steps of collecting Facts,
generating Options, analysing Risks and benefits,
making a Decision, Executing it and Checking its
adequacy over time [7]. The NICo project introduced
the concept of a Virtual Co-Pilot (VCP) to explore how
automation can assist flight crews or single pilots in
diagnosing failures and making decisions. According
to recent expert interviews, pilots would welcome
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additional support, particularly with the FORDEC
decision-making steps [8]. Notwithstanding, the
experts emphasised that the final decision and its
execution must remain the responsibility of the human
crew or pilot, not an automated system. The primary
goal for developing the VCP is to enhance safety
in both multicrew and single-pilot flight operations.
This ensures that all VCP functions can be applied
broadly, regardless of whether single pilot operations
are deemed feasible in the future.

A literature review revealed several decision support
tools that propose and rank alternate airports. They
use different underlying algorithms, and vary by the
criteria considered as well as the user interface.
Atkins et al. [9] suggested an algorithm that uses eight
parameters in a weighted sum criterion, including run-
way dimensions, distance, and wind velocities. Grzy-
bowski and Szpakowska-Peas [10] combined multi-
criteria decision-making (MCDM) methods with mem-
bership functions that map the value of each criterion
to a weighting. Coombes et al. [11] suggested multi-
criteria decision-making Bayesian Networks to handle
uncertainty in the criteria employed. A dynamic re-
routing tool was created using deep learning to find the
best alternative flight paths based on past flight data
and current weather [12]. This tool ranks alternatives,
highlighting advantages with colour codes. However,
pilots in feedback sessions asked for more insight into
how the tool makes its suggestions to increase their
confidence in using it.

Zhang et al. [13] developed prototypes to explore
how Al can be used in decision support tools for
pilots. These tools not only suggest and rank alter-
nate airports based on predefined criteria but also
monitor data to alert pilots to important information.
The study found that pilots are unlikely to trust a
decision support tool easily, and they also resist
attempts to overtly calibrate their trust during the
decision-making process. Instead, the researchers
recommend focussing on supporting pilots before
and during the decision-making process to help them
maintain situational awareness, which is critical for
making good decisions in complex and dynamic situ-
ations. They also emphasise that decision-making is
a more nuanced process than just choosing between
options, and more research is needed to understand
real-world decision-making environments.

Mainly to assist with Facts, Options, and Risks cat-
egories of FORDEC when exploring alternates for a
diversion, DLR has created a GUI prototype. Suit-
ability of airports was determined by four key factors:
distance, fuel on arrival, stop margin, and crosswind.
Initially, these factors were given equal weight using
a multi-criteria decision-making approach. Findings
from a previous pilot survey confirmed the importance
of these criteria in determining where to divert [14].
The aims of the present study were thus to assess the
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feasibility of the prototype and to get pilot feedback on
its usability.

Concerning the pilots the following research hypothe-
ses were proposed:

1) Pilots will rate the application differently according
to their age.

2) Pilots will rate the application differently according
to their flying experience.

3) Pilots will rate the application differently according
to their rank (i.e., first officer or captain).

4) Pilots will rate the application differently according
to their operational range (i.e., short-haul or long-
haul aircraft).

5) Pilots will rate the different functions useful to vary-
ing degree.

A difference in assessment between the age groups
is assumed, as it can be argued that the group aged
under 55 is more prone to use electronic devices in
their private lives than the older participants. It is also
possible to categorise pilots according to the type of
flight route. It should be mentioned here that long-
haul pilots typically worked in short- and medium-haul
operations before being type-rated on long-haul air-
craft. With regard to the evaluation of the GUI pro-
totype, a difference is assumed between the different
flight route types, as long-haul pilots in particular have
to deal more with the issue of alternate airports during
flight preparation than short-haul pilots. As long-haul
flights often fly over large expanses of water or un-
inhabited areas, suitable alternate airports are some-
times far away from the planned flight route. In addi-
tion, the long-haul aircraft place special requirements
on airports as they require a longer runway for take-
off and landing. Furthermore, the airport requires the
appropriate equipment to be able to handle a long-
haul aircraft. The GUI prototype itself comprises dif-
ferent functions that may prove more or less helpful
in decision-making. A difference between functions is
assumed with regard to support in decision-making,
as the functions cover different aspects. While some
functions map a filtering of the data, other functions
prepare the data graphically. It is of interest whether
these functions will be rated differently.

2. METHODS

2.1. Participants

A total of 14 pilots from various airlines aged between
25 and 70 took part in the study. The participants
were all male and worked in an MPO cockpit config-
uration. Of the 14 pilots, 13 completed the prelimi-
nary questionnaire and the final questionnaire. Still, it
was not the same pilot who did not answer both ques-
tionnaires. The average age of the participants can
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FIG 1. Participant age distribution; A1 (25-34y.), A2 (35-
44 y.), A3 (45-54 y.), A4 (55-64y.), A5 (>65.)

only be determined approximately, as the preliminary
questionnaire did not ask for a specific number, but
rather for an age group. The average age is calculated
as 48.7 years, taking into account the mean value of
each age group. The distribution of the age groups
can be seen in Figure 1.

Participants were recruited by e-mail as they had ex-
pressed their interest in previous studies and had a
valid Airbus A320 type rating at the time of inclusion
in the mailing list. However, as this entry was possibly
made several years ago, it cannot be concluded that
the participants held a valid type rating for the A320
at the time of this study. The fact that the participants
also included pilots who stated that they were predom-
inantly involved in long-haul operations supports this
statement. Specifically, six of the 13 pilots were op-
erating long-haul flights (>2000 nm), while five pilots
flew short-haul (<800 nm). Two of the 13 pilots stated
that they were flying mainly medium-haul (800-2000
nm). Even though some pilots did not have a valid
type rating for the A320 at the time of the study, it can
be assumed that every participant in the study was fa-
miliar with the operation of the A320 due to prior expe-
rience. With the exception of one pilot, all study partic-
ipants were mainly active in commercial aviation. The
remaining one operated mainly in business aviation.
Twelve of the 13 pilots stated that they work in pas-
senger air transport, while one worked in both cargo
and passenger air transport.

The participants have held their ATPL for an average
of 25 years and have completed an average of 15,600
flight hours during this time. The period of possession
of the ATPL licence varied from 6.5 to 41 years, with
the maijority of pilots holding the licence for 19.25 to 31
years. The number of flight hours completed ranged
from 3000 to 31500. Most of the pilots had accumu-
lated between 10000 and 21500 flying hours. Their
distribution can be seen in the boxplots in Figures 2a
and 2b. The participants included ten captains and
three senior first officers. The latter is a rank that au-
thorises the first officer to take over the captain’s re-
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sponsibilities during the cruise flight phase which is
particularly important for long-haul flights.

Nine of the 13 pilots stated that they had additional
qualifications including activities as flight instructors,
instrument rating instructors, synthetic flight instruc-
tors, or type rating instructors, as well as activities as
test pilots, performance engineers, or consultants for
human factors in aviation. Five of the 13 pilots said
that they had already taken part in DLR studies.

2.2. Materials

The apparatuses employed in the research included
the graphical user interface prototype and a video-
conferencing software as well as two standard Win-
dows computers with mouse, keyboard, and head-
phones. Video and audio was recorded after the par-
ticipants gave their explicit consent. Questionnaires
were used to collect socio-demographic data and in-
formation on professional experience or any additional
qualifications. In order to obtain statistical data on the
prototype, the participants answered a questionnaire
upon concluding the interview. It included an evalu-
ation of the individual functions of the prototype with
regard to the support and user-friendliness of the re-
spective function as well as general questions on se-
lected functions. The participants’ statements were
recorded on Likert scales with an even number of an-
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swer options. They offer the advantage of capturing a
tendency by removing the neutral central option [15].

The GUI prototype shown in Figure 3 was imple-
mented in MATLAB R2007b. The calculations are
based on handbook methods for the Airbus A320
aircraft type, which was chosen due to its common-
ality and also prior experience at DLR (part of the
DLR research fleet). Geographically, the prototype
is limited to the European continent at the current
stage of development. The user can select a date
in the past on which the planned flight should have
taken place. In addition, the system failure to be
considered can be selected. The stored database
covers technical malfunctions in the flap system, the
hydraulic system, and the flight control system. Tak-
ing into account the consequences of a malfunction
on aircraft performance is an elementary feature of
the prototype. The aim of future development is to
provide these data automatically by linking the GUI to
the aircraft’'s systems.

The filter criteria implemented in the prototype are the
result of the aforementioned preliminary study [14].
The user can filter by approach procedures, wind
conditions and four operational criteria: stop margin,
estimated fuel on arrival, crosswind per runway and
great circle distance. A histogram can be generated
for each criterion, displaying the number of runways
that fulfil it. Histograms for three criteria can be seen
in Figure 4. The representations on the map can
be customised using the various map overlays. By
default, the map displays the airports that fulfil the
filter criteria selected by the pilot. Furthermore, the
map displays a red aircraft symbol that indicates the
position of the aircraft.

A ranking of airports is based on the Technique for
Order Preference by Similarity to Ideal Solution (TOP-
SIS) which is a decision-making methodology that
takes several criteria into account. This methodology
approaches the ideal solution via the distance to the
worst and best ideal solution [16]. It is important to
note that each of the five factors (stop margin, EFOB
on arrival, distance, crosswind, CB/TCU forecast) is
equally weighted.

The top right field contains the ICAO code and the
name of the airport as well as information about the
flight and the time of arrival. Data on the weather
at the airport at the time of arrival is displayed in
the form of the current TAF. For Runway condition
codes 1 to 6, the prototype calculates a stop margin
using handbook methods that take into account the
prevalent system failure. The available runways and
associated approach procedures are highlighted with
colours. Green runways indicate that these runways
have a positive stop margin and are suitable for
landing, taking into account the weather conditions.
Runways coloured red are not suitable for landing
according to various criteria. Reasons for a red
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indication can be a negative stop margin, a crosswind
exceeding the limits, or weather conditions that are
below the minima defined for the approach proce-
dure. The cause for the colour coding is displayed
upon hovering over the runway designator.

In the comparison view, as shown in Figure 5, the
pilot can make a visual comparison of airports using
bar diagrams. In the list there are the origin, desti-
nation and planned alternate airports as well as the
top ranked airports according to the TOPSIS method.
The comparison airport can be freely chosen and is
referenced in the top right info box above the map.
The direction of the bars and their colour are intended
to assist the pilot in assessing the airports. For the
stop margin and EFOB criteria, positive deflections
are coloured green, while negative deflections are
coloured red. Higher stop margins and fuel reserves
on arrival are therefore rated positively, while a reduc-
tion in these is rated negatively. For the crosswind
and distance criteria, this is the other way around.
Negative deflections are coloured green, while pos-
itive deflections are coloured red. This is due to an
increase in crosswind or distance to the alternate
airport is rated negatively. For each column the bar
height is relative to the largest value of the respective
criterion, i.e. the indications are normalised.

2.3. Procedure

This subsection describes the rationale behind the de-
cision to conduct the study as an online meeting rather
than a face-to-face meeting. In terms of methodol-
ogy, the face-to-face study offers the advantage that
direct communication with the participants is possible,
particularly transporting non-verbal information [17].
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Moreover, face-to-face studies are more attractive to
participants as they are not as strenuous as online
meetings. According to Buch and Schmitz [17], the
loss of non-verbal communication in online meetings
can also lead to silent breaks, which have no clear
explanation. For a face-to-face study, a suitable loca-
tion must be chosen in order to minimise the effort for
the participants. The number of participants could be
lower under these circumstances. This leaves an on-
line meeting to conduct the study which offers the ad-
vantage of a high degree of flexibility for participants.
They are more free to decide where and when to take
part in the study. Still, conducting the study as an on-
line meeting also has disadvantages. An online meet-
ing can capture non-verbal communication only to a
limited extent. Furthermore, direct interaction with the
prototype cannot be realised. This is due to the fact
that the participants do not have access to the re-
quired software.

With regard to the number of participants, a fur-
ther aspect must be discussed. Usually, today a
commercial aircraft is flown in multi-pilot operation
configuration. This means that the processes in
the cockpit are designed so that two pilots are re-
sponsible for the flight. According to Pohl [18], this
has the advantage of reducing the phenomenon of
confirmation bias (decision-making based on one’s
own expectations) and target fixation (fixation on a
target without recognising other options). However,
as conducting the study in MPO mode would tie up
two pilots per experiment, the number of experiments
would be halved.

In addition, the study focusses exclusively on the as-
pect of finding a suitable alternate airport, which is why
the usual main tasks of the flight (aviate, navigate,
communicate) do not play a role. Although the de-
cision for an alternate airport is always made by two
pilots in order to prevent the phenomena described
above, each pilot is in general able to search for an
alternate airport on their own. In addition, the realisa-
tion of two-pilot studies would have a negative impact
on study planning. Eventually, it was also the long-
term goal of the NICo project to investigate operation
in single-pilot operation configuration, which addition-
ally supports the realisation of a single-pilot study.

On the scheduled date, the pilots dialled into the web
conference and, after a brief welcome, were intro-
duced to the study. Two scenarios were employed
in the research and were administered subsequently
during the video conference.

A non-time-critical malfunction is assumed for the first
scenario. According to the available aircraft documen-
tation a jammed rudder malfunction was chosen. This
is suitable for analysing the prototype, as it is a mal-
function that limits the maximum permitted crosswind
during landing to 15 knots due to the missing control
authority during the de-crab manoeuvre and subse-
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quent ground control. The restriction is to be inter-
preted as decisive for the selection of the alternate
airport. In addition, only the rudder is affected by the
system fault, which means that there are no further
restrictions for the other aircraft systems.

Possible flight routes were limited to connections on
the European continent. In order to give the partici-
pants sufficient time to search for an alternate airport,
the fault should occur at a sufficient distance from the
destination airport. Moreover, the flight must already
be at an advanced stage in order to restrict a return to
the departure airport. In light of these points, a flight
from Stockholm (ICAO-code: ESSA) to Rome (LIRF)
was assumed for scenario one. The rudder jam
occurs when flying over the eastern German Baltic
coast at cruising altitude. In order to analyse the use
of the prototype, a day with high ground wind speeds
over Germany was selected. The weather data were
obtained for 21 December 2023 using the website
Ogimet [19], where it is possible to display past
weather situations and weather forecast. They are
available in the form of the METAR (Meteorological
Aerodrome Report) and TAF (Terminal Aerodrome
Forecast), for each airport stored in the database.

The aim of the scenario is to analyse the prototype in
critical situations. However, the chosen malfunction
should not cause a time-critical situation as these are
mostly associated with a "Land ASAP” warning which
mandates for an immediate landing which results in
the pilots’ choosing the next suitable airport for landing
without extensively using the decision support proto-
type. The scenario malfunction should therefore trig-
ger a need to land, but this not instantaneously. For
the second scenario a hydraulic fluid loss of one of the
three A320’s hydraulic systems was chosen. The air-
craft remains manoeuvrable using the remaining two
hydraulic systems, but the malfunction causes the fol-
lowing restrictions which cannot be compensated for
using the remaining hydraulic circuits:

« Failure of the nose wheel steering

« Failure of the thrust reverser of engine 1

« Failure of the automatic brakes

« Failure of the mechanism for retracting and extend-
ing the landing gear

« Failure of the ability to land under CAT IIl Dual con-
ditions

In particular, the failure of the hydraulic landing gear
control affects the selection of the alternate airport,
as the landing gear can be extended but cannot be
retracted afterwards. If the pilots decided to abort
the landing, the landing gear could not be retracted,
which would significantly increase the aircraft’s fuel
consumption. This is relevant for the considerations
in this scenario, as the pilots would thus be clearly
committed to a region when choosing an alternate
airport. A flight from Marseille (LFML) to Stavanger
(ENZV) is modelled for the second scenario. This
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Scen. 1: Filter Settings
Scen. 2: Filter Settings
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Scen. 2: Aircraft Status

Scen. 1: Histograms
Scen. 2: Histograms

Scen. 1: Map Overlays
Scen. 2: Map Overlays

Scen. 1: Info Box
Scen. 2: Info Box

Scen. 2: Comparison View
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FIG 6. Rating of GUI features’ usefulness

routing has the advantage that part of the flight runs
over the North Sea leaving less options to divert
than over land. Furthermore, the aircraft has already
completed a large part of the flight when flying over
water, meaning that most of the available fuel has
been used up.

2.4. Measures

The statements in the questionnaire were answered
using Likert scales with the following items: agree,
agree somewhat, tend to disagree, do not agree. All
participant entries were recorded anonymously. In
addition to the questionnaires, the qualitative content
analysis (QCA) method according to Mayring was
used to analyse the study. This is a method for
analysing communication material or texts [20]. QCA,
which is particularly suitable for analysing the content
of data, can be used to summarise the participants’
statements relevant to the respective function. For
this purpose, a transcript with corresponding time ref-
erences was produced using the recording after the
study. The transcribed statements were categorised
according to Mayring’s content analysis. In this case
each function of the prototype represents a category.
The statements on the categories are summarised for
all participants and discussed as part of the analysis.

3. RESULTS

3.1. Differences between groups

To test for differences between pilot age, rank,
operational type, and flight experience regarding
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FIG 7. Rating of GUI features’ user-friendliness

the responses, a series of Kruskal-Wallis tests was
employed. There was no significant difference con-
cerning the ranks of the items on the Likert scales.

A series of logistic ordinal regression analyses was
performed to investigate the relationships between
ratings of the prototype and pilot age or flight expe-
rience, respectively. No significant correlations were
supported by the results.

3.2. Response frequencies

Figures 6 and 7 show the frequencies of responses
to some questions contained in the questionnaire that
was administered upon concluding the experiment. It
can be seen that most features were rated positively,
although the comparison view was found less help-
ful. Regarding the usability, the comparison view was
rated not as user-friendly as the other features.

3.3. Qualitative content analysis (QCA)

The pilots commented on various aspects relating to
the selectable filters and filtering in general. Ten of
the 14 pilots noted a need for improvement in the se-
lection of the available approach procedure. 13 of
the 14 pilots also noted that the filter option of the
airline airport does not sufficiently cover the opera-
tional airline needs. Proposed additional filter criteria
were availability of airline-specific maintenance, med-
ical care options, availability of aircraft ground han-
dling for the aircraft type, and availability of multiple
independent runways as a backup if one should be
unexpectedly closed on short notice.

Ten of the 14 pilots stated that highlighting the depar-
ture and destination airports in colour would be a use-
ful addition in order to be able to identify them more
quickly on the map. Some pilots also stated that this
highlighting should also be applied to the airline’s hub
airports. Moreover, twelve of the 14 pilots stated that
they thought it would be useful to integrate the planned
flight route of the flight into the map so that the dis-
played alternate airports can be better viewed in re-
lation to the current flight route. Moreover, ten of the
14 pilots stated that labelling would be necessary to
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identify the airports on the map, which are only rep-
resented by a box. When asked whether a search
function that allows airports to be identified and called
up by entering the location or the IATA code would
be a useful addition, the responses varied. Five pi-
lots were in favour of implementing a search function,
while three pilots explicitly rejected it.

With regard to overlays, five of the 14 pilots were in
favour of taking the topography into account and in-
tegrating it into the map, which could also be imple-
mented as an overlay. Furthermore, four pilots men-
tioned that a distance display from the current position
of the aircraft in the form of circles would be a useful
extension.

Concerning the comparison view, which was only
used in the second scenario, the qualitative content
analysis of the statements from the online meeting
revealed various aspects for expanding this function.
Four of the 14 pilots stated that the normalisation
makes the interpretation of the bars more difficult.
One pilot stated that excluding airports from the
comparison view would be a useful enhancement.
This would allow airports that should no longer be
considered for a landing to be excluded and the
normalisation of the bars to be updated. The majority
of pilots reported that the comparison view is very
complex and that the operation and interpretation of
the results require a certain amount of routine.

4. DISCUSSION

4.1. Analysis

None of the research hypotheses could be supported
or disproved statistically. Due to the limited sample
size, also the number of individual responses was low.
Statistically, there was no significant difference in re-
sponses for the pilots grouped by age, experience, op-
erational range, or rank.

Pilots rated most features of the prototype favourably,
albeit they stated that they were not always very in-
tuitively to interact with. The response frequencies
analysis shows that there was consensus among the
participants for some questions, e.g. "How do you
rate the GUI's support in choosing an alternate with
regard to the second scenario?”, that was answered
favourably by eleven pilots. However, pilots were di-
vided when answering other questions, e.g. when rat-
ing the user-friendliness of the prototype’s features, cf.
Figure 7.

4.2. Limitations and future research

With regard to the study participants, it should be
noted that five of the 14 participants were over 55
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years of age. Notwithstanding, it can be assumed
that some of these pilots were no longer actively flying
at the time of the study as the mandated retirement
age for pilots, for instance in the USA is 60 years
[21]. This circumstance is relevant because these
pilots may have taken the study as an opportunity to
find out about the current state of research and were
less interested in the actual system. Nevertheless,
no conclusions can be drawn from this regarding the
quality of the statements made by these pilots. From
this point of view, it would also have been interesting
to ask in the questionnaire whether the pilots were
still in active flying service and whether there was a
measurable difference between the statements of the
active and inactive pilots. In addition, the statements
and answer options recorded in the questionnaire
must be critically scrutinised. It should be noted that
the use of Likert scales with four possible answers
has advantages and disadvantages. The items used
in the study were two positive and two negative
answer options and the pilots also had the possibility
to abstain from answering by choosing "no answer”.
Still, this makes it difficult to identify extremes in the
pilots’ statements. The use of a finer gradation of
response options may also be of interest.

In light of the methodology used, it should be noted
that there are various other options for evaluating the
use of the prototype. One example is eye tracking,
which can be used to record eye movements and gaze
directions. Measuring the time taken to process the
scenarios could also be used to identify particularly
helpful functions. It should also be mentioned that,
due to the limitations of the prototype, the scenarios
represented two short-haul flights, which do not corre-
spond to the usual flight route of long-haul pilots. Nev-
ertheless, by selecting the flight over the North Sea,
an attempt was made to simulate the overflight of large
expanses of water, which tends to correspond more
closely to the typical flight route of long-haul pilots.
It should also be emphasised that the scenarios in-
cluded two non-time-critical malfunctions because of
which this study does not allow any conclusions to be
drawn about the use of the prototype in time-critical
situations.

Future research opportunities include the investiga-
tion of the prototype with regard to eMCO-SiPO con-
cept currently being evaluated by EASA [2] . It could
be examined the extent to which the prototype is able
to improve the situational awareness of a pilot return-
ing to the flight deck from a rest period. The integra-
tion of the prototype in a realistic flight deck (e.g. sim-
ulator) can also be of interest, such that basic flying
tasks (aviate, navigate, communicate) have to be ex-
ecuted while interacting with it. One could further in-
vestigate the use of the prototype in a multi-crew flight
deck where both pilots utilise it.
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4.3. Conclusion

14 pilots with ATPL licence performed an exercise to
assess the prototype of an application in a study car-
ried out remotely. The participants rated the prototype
overall favourably, however, no significant differences
in ratings could be found with respect to pilot age, ex-
perience, or rank.

Quantitative content analysis revealed valuable pilot
feedback concerning various aspects of the prototype.
Based on this the application could be improved to
better address the requirements in real-life operations.

Contact address:

joan.gonzalezcabeza@dIr.de
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