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Abstract

Over the past few years, artificial intelligence (AI) and machine learning (ML) methods have become deeply embedded in
everyday applications. Great progress has been made, which is why these methods are now being introduced to other areas
including aviation. The use of such methods in safety-critical areas like aviation, medicine or jurisdiction, entails not only
benefits but also challenges, such as regulatory and ethical aspects and the necessary acceptance of users and other stake-
holders. This research paper presents the findings of a qualitative user study conducted to investigate the potential benefits
of integrating Al on the flight deck to improve the usability of Notices to Airmen (NOTAMs). Currently, pilots receive a
large amount of NOTAMs for each flight. This overload of information can lead to important information being overlooked.
Semi-structured interviews with ten pilots were conducted to gather their perspectives on current challenges in their daily
work with NOTAMs, acceptance of Al-based methods in aviation with focus on the flight deck and possible fields of appli-
cations. Recommendations are derived for future developments. The findings suggest that methods based on Al have the
potential to improve the usability of NOTAMs, making them more efficient and user-friendly for pilots. Additionally, the
study highlights the importance of addressing pilots’ concerns and taking into account human factors, safety considerations,
and the need for effective human—machine collaboration.

Keywords Crew assistance - Artificial intelligence - Future flight deck operations

1 Introduction

Machine learning (ML) and artificial intelligence (AI) meth-
ods and algorithms have undergone rapid development in
the past decades. The use of such methods can be beneficial
in many applications, such as recognizing patterns in large
amounts of data while learning new concepts and receiving
new insights. However, the use of Al also raises a number
of challenges, especially in safety-critical environments such
as medicine, jurisdiction, or aviation. Certification in these
areas can be challenging, because, as for instance defined in
the concept paper for guidance on applications using Level
1 machine learning by the European Union Aviation Safety
Agency (EASA) [1], a certain level of transparency, com-
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prehensibility, traceability and accountability is required,
which is not always easy to obtain for Al methods. Another
challenge of using Al in aviation is acceptance, both by users
such as pilots, but also by society, politics and the passengers
themselves.

As part of the German Civil Aviation Research Pro-
gramme (LuFo VI-1), the joint project ViCKI - Virtual Crew
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Assistant - Context-Specific Support for Reduced Crew
Operations Using Artificial Intelligence - is investigating
the use of artificial intelligence methods to develop a sup-
porting virtual assistant for flight personnel and evaluating
initial developments on the foundation of selected use cases.
The use case considered here is the structuring, interpreting
and processing of NOTAM:s - Notices to Air Men or Notices
to Air Missions in US wording in order to facilitate the work
with them for pilots. The ViCKI consortium consists of five
German industry and academic partners supported by advi-
sory activities on the part of a regulatory authority and com-
mercial pilots. The developed Al based assistant is referred
to as the Virtual Crew Assistant (VCA) in the project. The
VCA is conceptualized, developed and evaluated for today’s
dual pilot cockpits, as well as for future flight decks with
reduced crew operations (RCO).

In the joint project, another use case is investigated,
namely the support of the flight deck crew during the
approach briefing with the use of Automatic Speech Recog-
nition (ASR). In a noisy environment such as a flight deck,
the use of ASR entails challenges that need to be overcome
in order to create a robust and reliable speech recognition
model (see Bollmann et al. [2] for more information).

In this work, a survey of pilots with different levels of
experience was conducted on their thoughts and perceptions
of the use of artificial intelligence in aviation, as well as the
day-to-day challenges in using and interpreting NOTAMs
in their daily work. Artificial Intelligence is used as a com-
prehensive term for all methods in this field, including e.g.,
machine learning and deep learning. This was chosen to
simplify communication with the subjects.!

2 Research on the challenges
and enhancement of NOTAMs and current
Al certification efforts in aviation

The challenges that pilots and other aviation stakeholders
have to overcome in their daily work with NOTAMs has
been engaging various research groups and pilot associa-
tions for a several years now. Only recently, however, has
there been an increased interest in the potential certification
of Al and ML methods in aviation. The use of such methods
could be an approach to increase the usability of NOTAMs
and facilitate their handling.

! The authors are aware that the solutions proposed by the partici-
pants do not necessarily require Al-based methods.
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2.1 Research efforts and projects on NOTAM
challenges and facilitation approaches

A variety of aviation research groups and organizations aim
to simplify the handling of NOTAMs or improve the con-
cept in general [3]. One example is the OpsGroup, which
addresses the challenges of the daily work with NOTAMs
not only for pilots but also for dispatchers and other opera-
tional staff [4]. Various approaches have been explored to
simplify and enhance aspects of NOTAMs for users (e.g.,
automated NOTAM processing for graphical depiction on an
airport map [5], rule-based notification systems [6], seman-
tic filtering [7] or enrichment [8] or visualization concepts
[9-11]). The d-NOTAM project, funded by the Federal
Ministry for Digital and Transport (BMDV), deals with the
digitization of NOTAMs using available data in order to
easily display them on the Electronic Flight Bag (EFB) [12].
This concise selection of research efforts and projects
shows that NOTAMs still complicate the everyday life of
pilots and dispatchers today, can be hazardous for flight
operations and constitute a major need for improvement.

2.2 Current artificial intelligence certification
efforts in aviation

In 2020, the EASA published its roadmap with the inter-
mediary steps to the certification of artificial intelligence in
aviation, in which they divided the implementation areas and
functions into three levels [13]. Level 1 applications should
only assist humans, Level 2 applications collaborate with
the humans and Level 3 applications are highly automated
to fully autonomous Al [13]. This guideline was in part
guided by the ethics guidelines for trustworthy Al issued
by the High-Level Expert Group on Al (Al HLEG) [14].
The first concept paper on the lowest level followed in the
following year, which introduces a first set of objectives and
anticipated means of compliance (MOC:s) [1]. Furthermore,
EASA works closely with research partners and companies
that are working on Al applications and guidelines. This
includes, among others, the ViCKI joint project, but also, for
example, Daedalean AG, which has published two reports on
design assurance for neural networks in collaboration with
EASA (see [15, 16] for their joint reports).

The U.S. aviation authority, the Federal Aviation Admin-
istration (FAA), is also working on exploring and investigat-
ing Al and ML in aeronautical applications [17], e.g., a con-
vective weather avoidance model to predict pilot behaviors
in certain weather situations or improving traffic flow [18].

The global standards organizations EUROCAE and
SAE International collaborate in the development of stand-
ards and guidelines regarding artificial intelligence in
aeronautical systems. Both EASA and FAA as well as the
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International Civil Aviation Organization (ICAO) participate
in these activities (see [19, 20] for additional information).

3 The qualitative user study: design
and sample description

A semi-structured interview was conducted with ten par-
ticipants. The length of each interview was about 60 min.
The interviews were conducted online via video call. Every
interview was audio recorded and transcribed. The transcrip-
tions were then processed to classify the answers.

3.1 Sample description

A total of N = 10 participants (n = 1 female, n = 9 male)
were interviewed for the user study. Their ages ranged
between 30 years and 61 years (mean (M) = 51, standard
deviation (SD) = 10.16). Out of these, nine participants were
pilots with experience on the Airbus A320 family and one
participant was a beginner pilot with only two hours flight
experience. Except this, the experience ranged from 1.200
to 23.000 flight hours (M = 15.056 and SD = 6.852,02).

3.2 Interview structure

The interview was structured in three sections: pilots’
personal experience in dealing with NOTAMs (seven
questions), acceptance of artificial intelligence regarding
NOTAMs (eleven questions), and NOTAMs design in terms
of actual presentation and future development (five ques-
tions). These questions, 23 in total, were selected by a group
of five individuals with different academic backgrounds
(namely psychology, mechanical engineering, computer
science and pilot training). They were derived according
to the Unified Theory of Acceptance and Use of Technol-
ogy (UTAUT), more precisely the refined version UTAUT2
(see [21]). The identified questions were then grouped into
the named topics and subsequently discussed with an inde-
pendent aviation expert. The aviation expert ensured that the
questions were understandable as well as complete for the
research goal of this work.

3.3 Answer processing and analysis

Each interview was recorded with the consent of the par-
ticipant and conducted by the same interviewer. Afterwards,
the interviews were transcribed by another author. Based
on these, an initial coding was selected, applied to the tran-
scriptions and reviewed by all authors independently and
iteratively adjusted. These codings are used in the following
chapter to divide the answers into categories.

3.4 Definition of used terms

In the following section, terms were used which might not be
consistent in literature. Therefore, the following definitions
were used for the coding of the interviews:

Transparency refers to the principle of making the deci-
sions and outcomes of certain systems understandable to
users and stakeholders. Considerations include the trace-
ability of a solution and the path to a certain decision, the
explainability of these decisions and outcomes as well as an
open communication to the user (according to [14]).

There is no consistent definition of workload or mental
workload in literature nor a commonly used one [22, 23].
In this context, workload is defined as the human’s mental
demands executing certain tasks [23]. These include cogni-
tive and perceptual demands [24]. In this study, this concept
is solely subjective.

Emergency support is the support in any situation that
causes pilots distress or urgency as defined in FAA’s pilot
and controller glossary [25].

4 Results of the qualitative user study

The results were thematically divided into three main cate-
gories: their personal experience in working with NOTAMs,
acceptance of Al-based methods specifically applied to
NOTAMSs, and possible approaches to enhancing and facili-
tating the handling of NOTAMSs. Al is used as a comprehen-
sive term for all related fields.>

4.1 Users’ personal experience in dealing
with NOTAMs

The participants were asked about their experiences with
NOTAMs. To explain the current experiences of the par-
ticipants, mentioned points of criticism as well as positive
aspects were compiled. The core challenges stated by the
subjects are summarized in Table 1.

4.1.1 Vagueness and ambiguity

All participants described difficulties in the readabil-
ity of NOTAMs. Both abbreviations and numbering of
the NOTAMs are not consistent in some cases. Also
the NOTAM formatting appears in some cases confus-
ing. Here, a renewed preparation would make sense. The

2 In the following sections, it is frequently referred to as ‘Al
NOTAMS’ or ’the AI'. This is the wording used by the subjects and
is adopted as such for the purpose of simplification. The authors are
aware that there is no such thing as ’one AI’.
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Tablg 1 The primary challenges Category Number Statement
identified by the subjects
in regards to their personal Vagueness and ambiguity Cl Difficulties in the readability of NOTAMs
experience with NOTAMs C2 Inconsistencies in abbreviations and numbering
C3 Geographically depicted NOTAMs are not
always more comprehensible
C4 Current prioritization systems do not always
classify the importance as expected
C5 Temporary validity of NOTAMs can be unclear
Time criticality and information C6 Amount of information is too large
overload Cc7 Relevance of the displayed information varies
C8 Type of information shown varies greatly
C9 Time pressure due to the amount of information

various sources of information would lead to confusion,
which would require more time for checking. Geographi-
cally mapped NOTAM systems already in use would also
be too confusing in some cases. Current prioritization
systems would not always correctly classify the impor-
tance of certain NOTAMSs. Participants also indicated
that the temporary validity of NOTAMs is sometimes
unclear, resulting in NOTAMs being displayed that are
not yet valid. Specifically, NOTAMs regarding construc-
tion sites are divided into different phases, and it can be
unclear which phase is currently valid. The current display
of validity periods is also classified as ambiguous. Often
NOTAMs have a long validity and are therefore displayed
for a long time. This can lead to difficulties in information
processing.

4.1.2 Lack of time and information overload

When asked about their personal experience with NOTAMs,
all pilots pointed out that the amount of information with
which pilots are confronted was too large. However, the
reduction of the amount of information is also where the
greatest potential for supporting pilots is seen. The read-
ing time required to acquire the NOTAM information in the
briefing package was also criticized. The time available to
read NOTAMs was also found to be too short to remem-
ber all the information. As a result, pilots can only roughly
process the information from NOTAMs. This makes it dif-
ficult to assimilate the information in detail, partly because
information that is less relevant is displayed. The existing
pre-sorting system would partially solve this problem. Due
to the mass of information, it could happen that relevant
information from the NOTAMs is overseen. In addition, it
was criticized that all kinds of information are available in
the NOTAMs. Whether it is necessary to display everything
in the NOTAMSs or whether it is possible to concentrate on
the essentials was put up for discussion.

@ Springer

4.1.3 Positive status Quo

In addition to criticisms, many pilots also noted positive
aspects of the current display and processing of NOTAM:s.
The existing pre-sorting of NOTAMSs represents significant
progress. With the help of the weather data, the relevant
NOTAMs could be displayed directly and a repetition of
these was guaranteed. The color coding and highlighting
of the keywords as well as the possible filtering by date are
also improvements. The actuality of the NOTAMs is rated
as good. It should be emphasized that the presentation and
preparation of NOTAMs varies between different providers
and airlines and that improvements are already being made
in the preparation and presentation of NOTAMs.

4.2 Acceptance of artificial intelligence methods
regarding NOTAMs and applications
opportunities

The participants’ answers were classified into four categories
to describe their views on Al acceptance and application
opportunities.

4.2.1 Transparency

Participants stated that the information provided by Al
should be comprehensible and the information should not
be too deep and make the system too complex. In terms
of acceptance, the transparency of how the system works
seems to be important for trust. Thus, it must be disclosed
what decision the system has made and why, and pre-
sented in a plausible way. At the same time, this should be
presented in such a way that the pilot’s task does not con-
sist of having to question the whole thing again. A back-
up system is also desired to increase trust. On the other
hand, one participant stated that transparency is only rel-
evant for the approval process and if the system works
well, it does not necessarily have to be comprehensible to
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pilots how the system works. All participants stated that
if AI were to be used on the flight deck, it would have to
be understood beforehand what the Al system is doing.

4.2.2 Responsibility

All participants emphasized the importance of respon-
sibility when working with Al based systems, e.g.,
NOTAMs. Since pilots have to take responsibility in the
end, a system should not intervene directly and only work
in a supportive way. Three participants stated that it is
questionable who takes responsibility for errors made by
the system, or if the errors really lie with the system,
pilots should not be held responsible for them. Moreo-
ver, it has been stated, that the regulatory work must be
reconsidered in order to clearly define responsibilities.

Table 2 summarizes the participants’ expectations
and design requirements towards Al based systems in
aviation.

4.2.3 Workload reduction

It was stated that AI could provide support in stressful
situations, but it should not overburden pilots and no
additional workload through AI is desired. By help of
A, NOTAMs could be processed in such a way that the
information could be accessed more quickly. The pre-
sorting of NOTAMs by Al is seen as a major work relief
which would go hand in hand with a direct time saving.
Al could also be used to be compliant with the regula-
tions. One participant stated that it could help pilots to be
sure that they are compliant with current regulations. It
was also noted that an Al could be used as a monitoring
instance and thus relieve pilots of further work steps and
increase in flight safety. Al could also assist in assessing
weather phenomena or optimizing climbs and descents.

4.2.4 Emergency support

It was noted that in emergencies, an Al could act as a warn-
ing system, e.g., display relevant NOTAMs that would
become relevant in the event of an emergency landing and
if applicable, displayed on a map. Indications could also be
given by pressing a button; in this way, an Al could help
with the further procedure. The idea of a signal tone indi-
cating that a certain airport cannot be approached was also
mentioned. However, it was also noted that there may not be
enough time to display NOTAMs in an emergency situation.

4.3 NOTAMs design and ideas for future
development

A total of five questions gave insight into the possibilities
of extending and improving the design of NOTAMs. Some
of them involved the use of Al. The evaluated answers were
classified into nine categories.

4.3.1 Information output and presentation

The auditory output of information was considered diffi-
cult in some cases because of the many different channels,
such as radio traffic. Haptic information output was partly
considered conceivable, as it could address another percep-
tion channel, but implementation was found to be unclear.
However, haptic information output was also seen as dif-
ficult in some cases, as it could be unclear where it comes
from. Almost half of the participants preferred an auditory
warning system in form of an oral alert only if necessary.
However, this could only be done if there is no other audi-
tory output at the same time, as this could otherwise be too
demanding, especially in stressful situations. The possibility
of having NOTAM s read out was mentioned by two partici-
pants as an option for the auditory flow of information, but
this would have to be clearly prepared so that it does not
become too long. However, the visual channel was clearly
preferred by most participants.

Table 2 Expectations and design requirements of artificial intelligence based methods in aviation

Category Number Statement
Transparency Al Comprehensible information, not adding complexity to the system
A2 Transparency of how the system works is needed to create trust
A3 Decisions and decision-making processes have to be disclosed
A4 Transparency is only relevant for the certification and approval processes '
AS Functionality and operating principles of the system need to be taught in pilot training
Responsibility A6 Pilots should not be held responsible for errors of the system or mistakes made by the system
A7 If pilots are held responsible, the system should only work as a support

! A4 contradicts with the other statements from the Transparency category. This shows that even among pilots there is no consensus on transpar-

ency and the amount of information pilots should obtain from the systems
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4.3.2 Information transfer

Participants emphasized the importance of Al by helping
with information overload regarding NOTAM design. One
participant stated that Al could tell pilots exactly what is
relevant at a particular time and then make that informa-
tion available. Filtering and automating NOTAMs through
Al was considered as conceivable, as it would focus on the
important things, but it could be difficult from a legal point
of view concerning responsibility. It would also be con-
ceivable to update the NOTAM lists during the flight with
valid information or as an output on the display. However,
it was also noted that the system could have difficulties
in finding out what is really important. An Al could also
support the understanding of NOTAM:s and the associated
contexts.

4.3.3 Regional differences of NOTAMs

Participants stated that despite certain standardization,
each country has a different language of NOTAMs, which
sometimes leads to misunderstandings. For example, for
some regions of the world the NOTAM list would be far
less extensive with lower quality. Therefore, a suggestion for
NOTAMSs improvement could be as follows: one could, for
example, click on unclear words and receive an explanation
for them again.

4.3.4 Change of display

The presence of several screens used to improve the ergo-
nomics during the flight (e.g., currently in the side window,
so that physical movement is necessary) was suggested.
Moreover, some participants emphasized the importance of
being able to zoom on the display. A warning system via the
screen was suggested in order for the problems and messages
to be displayed there. The display could also be shown, for
example, as a timeline of the flight with the most important
information.

4.3.5 Feedback and networking

It was noted, that pilots could give feedback to the system
themselves when they have taken note of a warning and at
the same time it could be used to inform other stakeholders
about possible problems. At the same time, the possibility of
a feedback on individual NOTAMs was mentioned, either on
the content or to the system regarding pre-sorting. Network-
ing between the systems and between pilots was emphasized
as being important and could be supported by the Al
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4.3.6 Color coding and highlighting

It was frequently noted that color coding of the NOTAM
list is considered extremely useful. Color coding could also
be useful on a map or similar (e.g., marking construction
sites, cranes, closed taxiways). In addition, NOTAMs that
have been sorted out by the system could also be coded
with a certain color. It was also noted that NOTAMs could
be sorted according to relevance and the corresponding
color (e.g., red = important, yellow or amber = medium).
The validity period could also be highlighted in this way.

4.3.7 Filter function

A NOTAM pre-sorting according to importance for the
respective flight was desired (e.g., runway first, then
approach, ground information, refueling decision). Par-
ticipants noted that more information should be displayed
with less text. One participant specified, "the most impor-
tant things first, briefly, concisely and clearly”. Currently,
there are already pre-sorted NOTAM lists, but these are
not always reliable, so that one still has to read over them
again. In this case, an Al could provide support and focus
on relevant information.

4.3.8 Temporary validity

Participants stated that it is sometimes unclear whether
a certain NOTAM affected one at all, since the various
temporary validities were sometimes difficult to filter out.
Therefore, they stated that the validity should be designed
in a clearer manner, so that NOTAMs that are not relevant
for e.g., landing would not be displayed when not nec-
essary (especially interesting for long-haul flights). The
validity of the NOTAM should be more clearly defined
and recognizable.

4.3.9 Interactive map

An interactive map was often mentioned as a possible form
of representation to compress the different channels and to
create a better overview for pilots. For example, the posi-
tions of construction sites, cranes, etc., could be clearly
marked on the map and highlighted by color coding. An Al
could interpret a NOTAM and insert it into an interactive
map so that it could be recognized directly by pilots (posi-
tion, validity, etc.). This interactive map could also provide
in-flight updates of NOTAMs and display them if nec-
essary. Using GPS, area-specific and relevant NOTAMs
could be displayed on the map as a pop-up. It was also
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Table 3 Opportunities of

S Category
Al application in aviation as

Number

Identified opportunity

identified by the subjects Information pre-process- Ol

ing and presentation 02
03

04

Flight operations 05
06

o7

08
Miscellaneous 09

Pre-sorting NOTAMs

Pre-filtering NOTAMs according to relevance or temporary validity
Highlighting of important information in NOTAMs

Creation of an interactive map of NOTAMs

Additional monitoring instance

Weather assessment

Assessment of impact of NOTAMs on current flight operations,
especially in emergency situations

Climbs and descents optimization

Regulatory compliance assistance

conceivable that as soon as one clicks on a NOTAM, the
exact positions are displayed on a map.

4.4 Summary of opportunities identified
by the subjects

The subjects identified nine main areas where Al can be
applied in specific regards to NOTAMs and in general to
make pilots’ daily lives easier. Table 3 summarizes these
possibilities. Not all opportunities have to be solved with ML
or Al methods and suggestions like highlighting important
information in NOTAMSs (O3) and pre-sorting of NOTAMs
(O1) already exist to some extend today. Nevertheless, this
offers the opportunity to examine which aspects can be fur-
ther improved with new advanced methods.

5 Conclusion and future work

The qualitative user study examines pilots’ expectations and
requirements towards systems based on artificial intelligence
and machine learning methods in the context of aviation.
Furthermore, everyday challenges of pilots in dealing with
NOTAMs are revealed and presented and first ideas on how
to improve NOTAM s in the future are suggested. The pilots’
statements show that while they have certain demands, e.g.,
transparency in Al based systems, an overall open attitude
exists. Statements like A2 and A3 from Table 2 on the
transparency of such systems are in accordance with the
requirements of EASA and Al HLEG. However, statement
A4 shows that the expectations and requirements that users
have are not necessarily consistent and shared among users.

At the same time, the user study shows that there are
still challenges in dealing with NOTAMs today which leaves
room for improvement. The subjects addressed different
design proposals from different problem areas. Some are
solvable with deterministic methods, others can benefit from
ML or Al methods (be it in complexity, implementation fea-
sibility or general effort). The effort and benefit of using

non-deterministic methods must be weighed individually
for each use case. Overall, these types of approaches can
support the evolution towards future flight operations with
a reduced flight deck crew, but could also be deployed and
used to support today’s crew constellations.

Based on the collected expectations and requirements,
the following steps include the final conception, design, and
implementation of the assistance system to support pilots in
their work with NOTAMs. Finally, the system will be evalu-
ated with subjects in the RCO demonstrator at the Tech-
nische Universitit Darmstadt. All steps are taken in close
consultation with EASA and commercial aviation pilots.

Acknowledgements This work is part of the ViCKI project and funded
within the framework of the German Civil Aviation Research Pro-
gramme (LuFo VI-1) of the Federal Ministry for Economic Affairs
and Climate Action (BMWK) under grant number FKZ 20D1910E.
We thank our project partners and the participants of the user study for
their feedback, time and support in conducting the study and compos-
ing this paper.

Funding Open access funding enabled and organized by Projekt
DEAL.

Declarations

Conflict of interest The authors have no Conflict of interest to declare
that are relevant to the content of this article.

Ethical approval All procedures performed in this study were in
accordance with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants involved in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not

@ Springer



1144

M. Dieter et al.

permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

European Union Aviation Safety Agency: EASA Concept Paper:
First Usable Guidance for Level 1 Machine Learning Applica-
tions - A Deliverable of the EASA Al Roadmap. https://www.
easa.europa.eu/en/easa-concept-paper-first-usable-guidance-level-
1-machine-learning-applications-proposed-issue-01pdf Accessed
09/08/2022

Bollmann, S., Fullgraf, J., Roxlau, C., Feuerle, T., Hecker, P.,
Krishnan, A., Ostermann, S., Klakow, D., Nicolas, G., Stefan,
M.-D.: Automatic speech recognition in noise polluted cockpit
environments for monitoring the approach briefing in commer-
cial aviation. In: Proceedings of International Workshop on ATM/
CNS 2022 International Workshop on ATM/CNS, pp. 170-175
(2022). https://doi.org/10.57358/iwac.1.0_170. Electronic Naviga-
tion Research Institute

The NOTAM Team: Team of Teams: Who’s Working on
NOTAMs? https://fixingnotams.org/team-of-teams/ Accessed
09/05/2022

OpsGroup https://ops.group/blog/tag/notams/ Accessed
09/02/2022

Sindlinger, A., Zimmer, N., Wiesemann, T., Li, R., Andersson, M.,
van der Stricht, S.: Automated notam processing for a graphical
and textual integration on data link equipped aircraft. In: 2010
Integrated Communications, Navigation, and Surveillance Confer-
ence Proceedings, pp. 1-1 (2010).https://doi.org/10.1109/ICNSU
RV.2010.5503254. IEEE

Zimmer, N., Schiefele, J., Bayram, K., Hankers, T., Frank, S.,
Feuerle, T.: Rule-based notam & weather notification. In: 2011
Integrated Communications, Navigation, and Surveillance Confer-
ence Proceedings, pp. 1-1 (2011). https://doi.org/10.1109/ICNSU
RV.2011.5935352. IEEE

Burgstaller, F., Steiner, D., Schrefl, M., Gringinger, E., Wilson, S.,
Van Der Stricht, S.: Airm-based, fine-grained semantic filtering of
notices to airmen. In: 2015 Integrated Communication, Navigation
and Surveillance Conference (ICNS), pp. 3—1 (2015). https://doi.
org/10.1109/ICNSURV.2015.7121222. IEEE

Steiner, D., Kovacic, 1., Burgstaller, F., Schrefl, M., Friesacher, T.,
Gringinger, E.: Semantic enrichment of dnotams to reduce infor-
mation overload in pilot briefings. In: 2016 Integrated Commu-
nications Navigation and Surveillance (ICNS), pp. 6-21 (2016).
https://doi.org/10.1109/ICNSURV.2016.7486359. IEEE

Cornel, M.: Facilitating Pilots’ visual assessment and awareness of
notams through a user-centered design approach. Master’s thesis,
Technische Universitit Darmstadt (2018). Unpublished

Dieter, M.: User-centered design of a facilitator tool for pre-
processing and visualizing large amounts of NOTAMs. Master’s
thesis, Technische Universitidt Darmstadt (2018). Unpublished
Bergmann, J.: Analysis and illustration of explainable artificial
intelligence methods for NOTAMs. Master’s thesis, Technische
Universitidt Darmstadt (2022). Unpublished

@ Springer

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

Federal Ministry for Digital and Transport: Erfassung und Bere-
itstellung Von Digitalen NOTAMs Im Flugverkehr - Entwick-
lung der Datenschnittstellen und Datenverarbeitungsprozesse
- d-NOTAM. https://www.bmvi.de/SharedDocs/DE/Artikel/DG/
mfund-projekte/d-notam.html Accessed 08/29/2022

European Union Aviation Safety Agency: Artificial intelligence
roadmap - A human-centric approach to Al in aviation. https://
www.easa.europa.eu/sites/default/files/dfu/EASA-AI-Roadmap-
v1.0.pdf Accessed 08/16/2022

High-Level Expert Group On Artificial Intelligence: Ethics
Guidelines for Trustworthy Al. https://ec.europa.eu/newsroom/
dae/document.cfm?doc_id=60419 Accessed 7/29/2022
European Union Aviation Safety Agency, Daedalean AG: Con-
cepts of Design Assurance for Neural Networks (CoDANN).
https://www.easa.europa.eu/en/downloads/112151/en Accessed
08/17/2022

European Union Aviation Safety Agency, Daedalean AG: Con-
cepts of Design Assurance for Neural Networks (CoDANN) 1II.
https://www.easa.europa.eu/en/downloads/128161/en Accessed
08/17/2022

. Federal Aviation Administration: Technical Discipline: Artificial

Intelligence - Machine Learning. https://www.faa.gov/aircraft/air_
cert/step/disciplines/artificial_intelligence Accessed 09/11/2022
Federal Aviation Adminstration: National Aviation Research Plan
(NARP) - FY 2024 - 2028. https://www.faa.gov/sites/faa.gov/files/
FY_2024-2028_National _Aviation_Research_Plan.pdf Accessed
2024-05-23

EUROCAE: New Working Group: WG-114 / Artificial Intelli-
gence. https://www.eurocae.net/news/posts/2019/june-/new-worki
ng-group-wg-114-artificial-intelligence/ Accessed 09/09/2022
EUROCAE: Press Release - EUROCAE and SAE International
Sign Updated Memorandum of Cooperation. https://www.euroc
ae.net/news/posts/2022/april/press-release-eurocae-and-sae-inter
national-sign-updated-memorandum-of-cooperation/ Accessed
09/09/2022

Venkatesh, V., Thong, J.Y., Xu, X.: Consumer acceptance and
use of information technology: extending the unified theory of
acceptance and use of technology. MIS Quarter. (2012). https:/
doi.org/10.2307/41410412

Young, M.S., Brookhuis, K.A., Wickens, C.D., Hancock, P.A.:
State of science: mental workload in ergonomics. Ergonomics
58(1), 1-17 (2015). https://doi.org/10.1080/00140139.2014.
956151

Cain, B.: A review of the mental workload literature. DTIC Docu-
ment (2007)

Wickens, C.D.: Multiple resources and mental workload. Human
Factors 50(3), 449-455 (2008). https://doi.org/10.1518/00187
2008X288394

FAA: Pilot/Controller Glossary. https://www.faa.gov/air_traff
ic/publications/atpubs/pcg_html/glossary-e.html Accessed
11/30/2023

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://www.easa.europa.eu/en/easa-concept-paper-first-usable-guidance-level-1-machine-learning-applications-proposed-issue-01pdf
https://www.easa.europa.eu/en/easa-concept-paper-first-usable-guidance-level-1-machine-learning-applications-proposed-issue-01pdf
https://www.easa.europa.eu/en/easa-concept-paper-first-usable-guidance-level-1-machine-learning-applications-proposed-issue-01pdf
https://doi.org/10.57358/iwac.1.0_170
https://fixingnotams.org/team-of-teams/
https://ops.group/blog/tag/notams/
https://doi.org/10.1109/ICNSURV.2010.5503254
https://doi.org/10.1109/ICNSURV.2010.5503254
https://doi.org/10.1109/ICNSURV.2011.5935352
https://doi.org/10.1109/ICNSURV.2011.5935352
https://doi.org/10.1109/ICNSURV.2015.7121222
https://doi.org/10.1109/ICNSURV.2015.7121222
https://doi.org/10.1109/ICNSURV.2016.7486359
https://www.bmvi.de/SharedDocs/DE/Artikel/DG/mfund-projekte/d-notam.html
https://www.bmvi.de/SharedDocs/DE/Artikel/DG/mfund-projekte/d-notam.html
https://www.easa.europa.eu/sites/default/files/dfu/EASA-AI-Roadmap-v1.0.pdf
https://www.easa.europa.eu/sites/default/files/dfu/EASA-AI-Roadmap-v1.0.pdf
https://www.easa.europa.eu/sites/default/files/dfu/EASA-AI-Roadmap-v1.0.pdf
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=60419
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=60419
https://www.easa.europa.eu/en/downloads/112151/en
https://www.easa.europa.eu/en/downloads/128161/en
https://www.faa.gov/aircraft/air_cert/step/disciplines/artificial_intelligence
https://www.faa.gov/aircraft/air_cert/step/disciplines/artificial_intelligence
https://www.faa.gov/sites/faa.gov/files/FY_2024-2028_National_Aviation_Research_Plan.pdf
https://www.faa.gov/sites/faa.gov/files/FY_2024-2028_National_Aviation_Research_Plan.pdf
https://www.eurocae.net/news/posts/2019/june-/new-working-group-wg-114-artificial-intelligence/
https://www.eurocae.net/news/posts/2019/june-/new-working-group-wg-114-artificial-intelligence/
https://www.eurocae.net/news/posts/2022/april/press-release-eurocae-and-sae-international-sign-updated-memorandum-of-cooperation/
https://www.eurocae.net/news/posts/2022/april/press-release-eurocae-and-sae-international-sign-updated-memorandum-of-cooperation/
https://www.eurocae.net/news/posts/2022/april/press-release-eurocae-and-sae-international-sign-updated-memorandum-of-cooperation/
https://doi.org/10.2307/41410412
https://doi.org/10.2307/41410412
https://doi.org/10.1080/00140139.2014.956151
https://doi.org/10.1080/00140139.2014.956151
https://doi.org/10.1518/001872008X288394
https://doi.org/10.1518/001872008X288394
https://www.faa.gov/air_traffic/publications/atpubs/pcg_html/glossary-e.html
https://www.faa.gov/air_traffic/publications/atpubs/pcg_html/glossary-e.html

	Virtual flight deck crew assistance utilizing artificial intelligence methods to interpret NOTAMs: a user acceptance study
	Abstract
	1 Introduction
	2 Research on the challenges and enhancement of NOTAMs and current AI certification efforts in aviation
	2.1 Research efforts and projects on NOTAM challenges and facilitation approaches
	2.2 Current artificial intelligence certification efforts in aviation

	3 The qualitative user study: design and sample description
	3.1 Sample description
	3.2 Interview structure
	3.3 Answer processing and analysis
	3.4 Definition of used terms

	4 Results of the qualitative user study
	4.1 Users’ personal experience in dealing with NOTAMs
	4.1.1 Vagueness and ambiguity
	4.1.2 Lack of time and information overload
	4.1.3 Positive status Quo

	4.2 Acceptance of artificial intelligence methods regarding NOTAMs and applications opportunities
	4.2.1 Transparency
	4.2.2 Responsibility
	4.2.3 Workload reduction
	4.2.4 Emergency support

	4.3 NOTAMs design and ideas for future development
	4.3.1 Information output and presentation
	4.3.2 Information transfer
	4.3.3 Regional differences of NOTAMs
	4.3.4 Change of display
	4.3.5 Feedback and networking
	4.3.6 Color coding and highlighting
	4.3.7 Filter function
	4.3.8 Temporary validity
	4.3.9 Interactive map

	4.4 Summary of opportunities identified by the subjects

	5 Conclusion and future work
	Acknowledgements 
	References


