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Abstract. The Intelligent Pilot Advisory System (IPAS), developed by
the German Aerospace Center (Deutsches Zentrum fiir Luft- und Raum-
fahrt (DLR)), is an Al-based cockpit assistance system that supports
decision-making in normal, abnormal, and emergency flight situations.
Previous work on IPAS has mainly addressed conceptual, technical, or
explainability aspects and has not examined its operational impact. It
is still unknown how automating parts of the pilots’ decision-making
process affects the decision-making structure, crew collaboration, infor-
mation usage, and how the crews perceive the assistance in terms of use-
fulness and operational AI explainability. This exploratory study looked
at six flight crews performing simulator flights involving technical mal-
functions requiring diversions, both with and without the IPAS. The
IPAS assists the crew by automatically identifying, assessing and select-
ing alternative airports based on technical, operational and environmen-
tal criteria. The crews’ decision-making processes were evaluated through
analysis of decision-making duration, expert reviews conducted by an
experienced pilot, and questionnaires on system usefulness and explain-
ability. The results indicated improvements in decision-making and col-
laboration within the crew when using the IPAS. Expert reviews revealed
a slight tendency towards uncritical acceptance of the system’s recom-
mendations, suggesting a potential risk of automation bias. This study
provides the first operational insights into the integration of the IPAS
into the flight deck and its effect on decision-making. Further research
with detailed and objective metrics is needed to comprehensively assess
the effect of the IPAS on decision-making.
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1 Introduction

The integration of Artificial Intelligence (AI)-based decision-support systems
into the flight deck environment offers significant potential for supporting flight
crews in complex and time-critical situations. Recent advances in machine learn-
ing and data-driven methods have enabled the development of Al systems that
can process large amounts of operational data and provide recommendations to
human operators. In aviation, such systems are increasingly discussed not only
as automation tools, but as operational assistants that support human decision-
making while keeping the human in the loop (e.g. [13,26,38]). Recognising AT’s
opportunities and risks in safety-critical domains, the European Union Avia-
tion Safety Agency (EASA)’s AI-Roadmap 2.0 guides the integration of AI into
aviation, highlighting human-centred integration, Human-AI teaming and oper-
ational explainability to secure trust, situation awareness, usability and safety
[15].

The Intelligent Pilot Advisory System (IPAS) is being developed to investi-
gate and demonstrate the introduction, operation, and human interaction with
Al-based systems in the flight deck. The IPAS is an Al-based cockpit assistance
system that supports flight crews during in-flight decision-making, particularly
in abnormal and emergency situations. One functionality of the IPAS is its alter-
nate airport support function, which generates, assesses, and presents potential
alternate airport options based on operational constraints, aircraft state, envi-
ronmental conditions, and company requirements. Previous work on the IPAS
has focused on its conceptual design [32,34], technical architecture [4,5], and
operational explainability [36].

Previous studies focusing on identifying explainability requirements involved
only individual pilots. While the IPAS automates key elements of the decision-
making process, its effect on flight-crew decision-making, perceived usefulness,
and the operational explainability of the AI has not yet been evaluated with more
realistic two-person cockpit crews. The aim of this exploratory study is to gain
initial insights and identify potential risks, such as automation bias, before spe-
cific hypotheses are formulated and tested. Consequently, the study investigates
how the IPAS influences two-person crew decision-making in abnormal scenar-
ios, focusing on decision-making behaviour, information usage, and temporal
structure, as well as perceived explainability and usefulness, to uncover possi-
ble advantages, effects, and risks associated with the system. As an exploratory
investigation, no causal claims are made.

2 DMotivation

On 15 November 2025, an Air Canada Rouge aircraft was on a flight from
Antigua to Toronto. Forty-five minutes into the flight, the pilots detected a
strong odour of fumes on board the Airbus A319 and decided to abort the flight
for technical reasons, diverting to Punta Cana. One hour later the aircraft landed
safely [25]. According to EUROCONTROL, approximately 30000 flights (0.32%
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of all flights in Europe) landed at a different airport than originally planned
in 2024 [12]. Diversions are required for a variety of reasons: weather, technical
problems, medical emergencies, air-traffic constraints, or airport-related issues
[29]. For each of these events a decision must be made, requiring good crew col-
laboration and communication, most likely using a structured decision-making
model such as FORDEC (Facts, Options, Risks & Benefits, Decision, Execution,
Check).

2.1 Decision-Making Processes in Airline Operations

The responsibility for the decision whether to divert and which alternate air-
port to select lies with the flight crew [16]. The application of Crew Resource
Management (CRM) and structured decision-making processes are important
elements in handling such scenarios safely and efficiently. CRM originated in the
late 1970s as a response to crew-related accident causal factors, with the aim
of reducing flight crew errors by improving non-technical skills such as commu-
nication, teamwork, leadership, and workload management [22]. Today, CRM
training is widely implemented across airlines and is a standard safety compo-
nent of aviation training programs (e.g., [14,19]). A central aspect within CRM is
collaborative decision-making among flight crew members. One of the structured
approaches to support this process is the FORDEC model [24,30]. Following to
this model, crews systematically go through the FORDEC phases to gather facts,
identify possible options, assess the associated risks and benefits, and come to
an informed decision.

2.2 Challenges of Operational AI in Aviation

Since the 1980s the growing automation of commercial aircraft cockpits has
turned the pilot from a manual operator into a system manager [2], exposing
the “irony of automation” [1]. While automation raises efficiency and safety, it
also creates human-factors risks such as out-of-the-loop loss of situation aware-
ness, skill degradation, and automation bias [9,14,33]. Billings therefore advo-
cated a human-centred automation approach that tailors automated functions
to operators’ capabilities [2].

The introduction of Al-based systems introduces additional challenges. Most
AT algorithms behave as “black boxes” for humans, making their inner workings
difficult or impossible to comprehend [18,21]. This opacity can result in poor sit-
uation awareness and increase out-of-the-loop effects [10]. Consequently, human-
centred Al and Human-Al teaming demand explainable outputs that reveal the
reasoning behind recommendations [8,11,21]. Another important aspect is cali-
brated trust. Users should neither distrust the system, which reduces acceptance,
nor place too much trust in it, which can cause complacency, automation bias
and unsafe overreliance [7,8,18,28].

The EASA published the AT Roadmap 2.0 as guidance for the introduction
of Al in aviation [15]. In this roadmap, Al-based systems are classified according
to their level of automation. The spectrum ranges from Level 1A systems, which
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provide automation support for information acquisition while full authority and
responsibility remain with the end user, to Level 2B human-Al teaming sys-
tems. The latter involve the supervision of automatic decision-making and action
implementation, with authority being shared between the human operator and
the AI system. Beyond these levels, the roadmap also outlines the longer-term
objective of Level 3A systems, characterised by safeguarded automatic decision
and action implementation with limited authority remaining with the end user.
To enable this, the roadmap defines so-called building blocks. One of these build-
ing blocks addresses human factors, identifying operational Al explainability as a
central objective. Operational explainability refers to the explainability provided
to the end user during system operation. This enables the user to understand the
reasoning behind the system’s output and interact with the Al system appropri-
ately. EASA explicitly states that operational explainability is a key requirement
for Al-based systems at all EASA AT levels [15,17].

3 Methodology

The aim of the study is to explore how the IPAS influences crew decision-making
in a two-person cockpit and how pilots perceive its usefulness and explainability.

3.1 Description of the Intelligent Pilot Advisory System (IPAS)

The TPAS is an example of how Al-based decision support could be integrated
into the flight deck. It covers use cases in normal operations [31,32] as well as use
cases in abnormal and emergency situations [6,34]. Figure 1 provides an overview
of the structure and functions of the IPAS. The IPAS consists of the AI Core
Module (AICOM) and the AI-Crew Interaction System (AICIS) The present
study focuses on the Alternate Airport Support function, which supports the
Facts, Options, Risks & Benefits (FOR) phases of the FORDEC model, helping
crews identify and evaluate suitable alternate airports in case of a diversion.

> Display of... flight crew
2 * situation analysis X3
£ AlCIS | nayss o=
< Al-Crew Interaction System * alternate at|rport options &
w5k assessmen dibdib
=2< e decision factor assessment
k=) <— aircraft systems Q€
T AlC ?/IIC(?IIVI é% <— navigation database &
c ore Module . ) L,
L <— live weather, traffic, ... e );

Fig. 1. Overview of the IPAS and its subsystems (Figure created by authors).

The AICOM collects information from the aircraft systems (position, tech-
nical status), accesses the navigation database (route, way-points, airports) and
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uses dynamic information such as current weather and traffic. The AICOM anal-
yses the situation and, in the case of a required diversion, processes suitable
alternate airport options by assessing nearby airports based on the detected sit-
uation and relevant decision factors. These airport options and their detailed
assessments based on individual decision factors are presented to the pilots via
the AICIS. The AICIS was developed with a focus on operational Al explain-
ability, enabling crews to understand the rationale behind Al-based selections
and assessments [36]. It was developed through a user-centred, iterative human-
system exploration design process involving pilots from the start via interviews
and mock-up studies [35], ensuring that the explanations and interface structure,
a crucial element of the explainability concept, match the information and func-
tionality required by the flight crew. Based on its current state of development,
the TPAS can be classified as a Level 1B system according to the categorization
of the EASA Roadmap 2.0 [15]: the IPAS is a cognitive assistance system that
supports the crew in decision-making and selection tasks. In contrast, a Level
2 or 3 system would take over the selection and execution of the chosen alter-
nate airport autonomously, leaving only supervisory oversight to the pilots. By
remaining at Level 1B, the IPAS preserves full authority and responsibility with
the crew.

A detailed description of the functionalities, the system structure and internal
mechanisms of the IPAS is provided in [6].

The TPAS Used in the Conducted Study. For each FOR phase, the IPAS
provides the information required and Al-based information for the respective
step of the decision-making process. In the Facts phase, the system presents a
situation analysis, the operational consequences of the situation, and the require-
ments for the search for a suitable airport. In the Options phase, suitable options
are displayed with a preliminary assessment. For the Risks & Benefits phase, the
crew can inspect assessed decision factors for each proposed option in order to
support and justify the decision. The display used in the study is shown as fol-
lows: The Alternate Airport Page for the two scenarios used in the study, namely
Spain and Italy, is shown in Fig. 2 and an excerpt from the Detailed Airport View
of Rome is shown in Fig. 3.

On the Alternate Airport Page (representing Options), the current aircraft
position is highlighted on a map and the proposed alternate airports are marked
D. The Alternate Airport List presents the available options (@ shows the
Spain scenario) in a ranked order according to the Al-based assessment result.
A coloured bar visualizes the overall AI score for each option. In addition,
the list provides the most relevant decision factors grouped into six categories
(Position/Distance, Runway, Wind, Weather, Visibility, and Airport Operations)
together with their respective assessments. The colours green, amber, and red
indicate the influence of these factors on the airport assessment @). @ shows the
Alternate Airport List for the Italy scenario. By selecting Rome, the Detailed
Airport View (representing Risks & Benefits), shown in Fig. 3, opens, in which all
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IPAS has identiied and evaluated suitable altemate airports.
Please compare options and decide on altemale airport

Fig. 2. Alternate Airport Page in the Spain and Italy scenario (Figure created by
authors). (D Map, @ Alternate Airports Spain Scenario, @) Factors, @ Alternate Air-
ports Italy Scenario.

Fig. 3. Detailed Airport View for Rome Airport in the Italy scenario (Figure created
by authors).

six categories are listed and a detailed overview of all decision factors influencing
the airport assessment is provided.

For the purposes of this study, the information and assessments shown on
the interface were generated with a Wizard-of-Oz paradigm [3], using simulated
and predefined AI-Core outputs. As the two subsystems (AICOM and AICIS)
had not yet been integrated and were still being developed separately, the mis-
sion effects, airport requirements, airport ratings and decision-factor assessments
were all generated using the same multi-criteria decision-making approach under-
lying AICOM. None of these originated from a machine-learning model.
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3.2 Study Design: Scenarios and Experimental Setup

Two simulator scenarios with technical malfunctions were used: an engine-fire in
the Spain scenario and a fuel-leak in the Italy scenario. In both cases the crew
had to initiate a diversion and select a suitable alternate airport under time pres-
sure and challenging conditions (heavy rain, strong cross-winds, reduced visibil-
ity, limited maintenance, passenger-handling constraints, runway infrastructure,
and approach procedures). Two different scenarios were selected to enable more
flights to be carried out and evaluated with the available crews. The scenar-
ios differ in terms of their environmental characteristics, such as geography and
weather, but the chosen technical failures also require different responses, as fuel
leaks are significantly more time-critical than (extinguished) engine fires. An
experienced airline pilot simulated Air Traffic Control (ATC), providing realis-
tic clearances and weather information. The flight deck environment was pro-
vided by the iSim flat-panel simulator of the Institute of Flight Guidance (DLR,
Braunschweig), which was configured as an Airbus A321 cockpit (see [35] for
details). The IPAS was mounted on the centre console.

Figure4 shows the procedure of the study. Each crew flew both scenarios
twice. These repetitions were chosen to establish comparability between the
“with-IPAS” and “without-IPAS” settings. It was acknowledged that this may
introduce training effects, but these were accepted given the exploratory nature
of the study. At the beginning of the study, the participants received an initial
briefing in which the purpose and procedure of the study were explained. As the
participants were already familiar with the simulator from a previous study, no
training session was necessary. Before each flight, the crew additionally received
a short scenario briefing covering the planned route and basic flight parame-
ters in order to facilitate immersion into the scenario. In the first two flights,
the crews operated the scenarios without the IPAS under conventional settings
(CONV) and had to solve the scenarios using their standard tools, ATC and
procedures only. In the third and fourth flights, the crews operated the same
scenarios with IPAS support. Finally, the participants answered questionnaires
on the usefulness and explainability of the IPAS.

Observation Observation
Video recording Video recording
- Flight 1 Flight 2 IPAS- Flight 3 Flight 4
Briefing Itlay Spain Briefing Itlay Spain Questionnaire
w/o IPAS w/o IPAS with IPAS with IPAS

Fig. 4. Study procedure (Figure created by authors).

The study was approved by the DLR Ethics Committee on 30 January
2024. All participants signed an informed-consent form together with a GDPR-
compliant data-protection declaration before the first briefing. The experiment
reported here was one of several that were carried out consecutively on the same
day. The whole test day lasted approx. 8h, during which participants moved
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from one study to the next. The present study required 1-1.5h. Each participant
received a monetary compensation.

3.3 Pilot Sample

The study involved six flight crews, twelve commercial airline pilots in total.
All participants held a valid Airbus type rating covering the A300, A320, A330,
and A350 aircraft families. Age and number of flight hours were captured in
categories: Age categories: < 30 years; 30—-39 years; 4049 years; 50-59 years; >59
years; Total flight-hour categories: 0-1500h; 1501-3000 h; 3001-5000 h; 5001—
10000 h; >10,000 h. Three participants were younger than 30 years, seven were
between 30 and 39 years old, and two were older than 40 years. Three participants
had less than 3000 total flight hours, while nine participants had more than 3000
flight hours. The sample included four captains or senior first officers and eight
first officers.

3.4 Evaluation Measures

The evaluation combined qualitative observations of crew decision-making, quan-
titative decision-making parameters, and questionnaires on explainability and
system usefulness. An experienced airline pilot and flight instructor (more
than 3500 flight hours on various aircraft types) observed the crews provid-
ing free text notes focusing on decision-making behaviour, information usage
and crew interaction, and provided qualitative comments on decision-making
quality. Two quantitative measures complemented the qualitative analysis: (i)
the time required for the FOR phases and the total decision time, and (ii) the
number of alternate airports mentioned and the subset that were considered
in detail. To assess perceived explainability, the Explanation Satisfaction Scale
(ESS) [23] was used. Additionally the IPAS were assessed by the participants
using a tailor-made questionnaire addressing perceived usefulness, ease of use,
stress, and perceived safety impact. The metrics and scales used can be found
in the results Sect. 4.4.

4 Results

In total, 24 simulator flights were analysed. Twelve flights were conducted under
conventional setting (CONV), and twelve flights were conducted with TPAS sup-
port, with six flights per scenario and setting. The scenarios are analysed and
compared separately, as they are not comparable with each other.

4.1 Quantitative Decision Process Analysis

Table 1 presents the time required each FOR phase and the total decision time
for the Italy and Spain scenarios, comparing the conventional and IPAS settings.
The times shown are the means across the six crews in decimal minutes (standard
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Table 1. Mean decision-making time (in minutes) for the FOR-phases in the Italy and
Spain scenarios, averaged across all crews and compared between the CONV and IPAS

settings.

Scenario|Setting Facts Options Risks & Total
Benefits
Italy CONYV min (SD) 0.29 (0.22) 3.23 (0.36) 1.07 (0.64) 4.59 (0.94)
perc. 6.35% 70.30% 23.35%
IPAS |min (SD) 1.39 (0.67) |1.22 (1.02)  |1.54 (0.97) |4.15 (1.80)
perc. 33.42% 29.47% 37.11%
A +27% -41% +14% -0.44
(rounded)
Spain  |[CONV min (SD) 0.90 (0.86) 4.49 (0.99) 3.58 (1.80) 8.96 (2.68)
perc. 10.01% 50.11% 39.88%
IPAS |min (SD) 1.26 (0.72) 1.27 (0.47) 2.94 (1.48) 5.47 (1.96)
23.06% 23.21% 53.73%
A +13% -27% +14% -3.49
(rounded)

deviations are given in brackets). The A-row shows the rounded percentage
change from CONYV to IPAS for every phase and for the overall decision time.

For both scenarios the IPAS reduced the relative share of the Options phase
(-41% in Ttaly, -27% in Spain) and increased the share of the Facts and Risks
& Benefits phases. Mean total decision time dropped slightly from 4.59 min
(CONV) to 4.15min (IPAS) in Italy and from 8.96 min to 5.47min in Spain.
The standard-deviation values reveal that the decision times under the IPAS
condition in the Italy scenario are considerably more variable (SD = 1.80 min)
than under the conventional setting (SD = 0.94 min).

Table 2 shows the number of airports mentioned, as well as the number of
airports in closer consideration per crew in the different settings in the Italy
scenario. Table4 shows the crews’ final decision in the Italy scenario. Table 3
and Table 5 show the airport-related statistics for the Spain scenario.

4.2 Qualitative Observations on Decision-Making and Collaboration

Across both scenarios, qualitative expert observation revealed differences
between the conventional and the IPAS-supported settings in decision-making
structure, information usage, and crew interaction. To summarize the free text
notes delivered by the flight instructor, they were post-hoc grouped into thematic
clusters by the authors.

Structure: In the conventional setting, the decision-making process was fre-
quently unstructured or incomplete. Several crews consulted the FOR phases in
the wrong order, and some phases were skipped completely or addressed only
briefly. When the TPAS was used, all crews followed a more structured process,
consistently applying the FORDEC model. Airports assessed: In both settings
some crews showed a tendency to lock onto the nearest or largest airport. In the
IPAS setting, some crews considered only the first IPAS-recommended option.
Detail of assessment: In the conventional setting, decision factors such as pas-
senger handling, technical ground support, and company preference were often
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Table 2. Airport statistics in the Italy = Table 3. Airport statistic in the Spain

scenario for each setting and crew. scenario.
Crew Setting | Airports Airports on Crew Setting | Airports Airports on
mentioned closer mentioned closer
consideration consideration
1 CONV | 4 2 1 CONV |7 3
IPAS 4 1 IPAS 4 2
2 CONV |3 2 2 CONV | 5 1
IPAS 3 1 IPAS 3 2
3 CONV |3 3 3 CONV |4 3
IPAS 4 3 IPAS 4 3
4 CONV |5 1 4 CONV |3 1
IPAS 4 2 IPAS 4 2
5 CONV | 2 2 5 CONV |3 3
IPAS 4 2 IPAS 4 2
6 CONV | 6 2 6 CONV | 6 2
IPAS 4 2 IPAS 3 2
Total Mean | CONV | 3.83 2.00 Total Mean | CONV | 4.67 2.17
IPAS 3.83 1.83 IPAS 3.67 2.17

Table 4. Airports selection in the Italy = Table 5. Airports selection in the Spain

scenario. scenario.
Airports CONYV | TPAS Airports CONV | IPAS
Rome (LIRF) |4 5 Ciudad (LERL) |0 1
Ancona (LIPY) | 1 1 Madrid (LEMD) | 6 5
Naples (LIRN) |1 0 Albacete (LEAB) | 0 0
Pescara (LIBP) | 0 0 Teruel (LETL) 0 0

omitted. With the IPAS, most crews evaluated a broader set of decision factors
(weather, runway length, terrain, visibility, wind, passenger handling, technical
support, and company preference) and assessed them in greater detail. CRM:
Under the conventional setting, CRM issues were observed for one crew, includ-
ing directive communication and unilateral decisions without a joint airport
assessment in both scenarios. In the IPAS setting, the same crew showed a more
structured and communicative interaction, exchanging preferences and conduct-
ing a joint assessment of options. Overall, the qualitative observations suggest
that the IPAS was associated with more structured decision-making processes,
more comprehensive use of available information, and more coordinated crew
interaction. Notably, various decision-making patterns were observed: sequential
option review, pairwise comparisons, comparing several alternatives against a
favored candidate, generating additional options after an initial set, or produc-
ing the full set of alternatives initially.

Because the experiment employed a fixed order (CONV always before IPAS)
and a within-subject design, the observed differences may be influences by order,
practice, or training effects.
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4.3 Explanation Satisfaction Scale

Table 6 shows the ESS results. The table shows the mean scores on the original
1-5 Likert scale (Strongly disagree (1) to Strongly agree (5)) as well as the
Standard Deviation.

Table 6. Explanation Satisfaction Scale (ESS) results. (N=12)

Item Mean (SD)
From the explanation, I know how the IPAS works. 3.83 (0.94)
The explanation of how the IPAS works is satisfying. 3.50 (0.80)
The explanation of how the IPAS works has sufficient detail. 3.25 (1.06)
The explanation of how the IPAS works seems complete. 3.08 (0.79)
The explanation of how the IPAS works tells me how to use it. |3.67 (0.98)
The explanation of how the IPAS works is useful to my goals. 4.08 (0.79)
The explanation of the IPAS shows me how accurate the IPAS is.3.31 (1.00)
Total mean 3.53

The ESS results ratings with mean scores ranging from 3.08 to 4.08. The
highest scores were observed for perceived usefulness of the explanations and for
understanding how the system works, whereas lower scores were obtained for
perceived completeness and level of detail.

4.4 Tailor Made Questionnaire

The results of the tailor-made questionnaire are presented in two tables. Table 7
summarizes the crew’s overall attitude toward the IPAS concept on a seven-point
Likert scale.

Table 7. Rating of tailor-made questionnaire. 7-point Likert scale (1 = Totaly dislike,
7 = Totaly like). Additionally total mean and standard deviation.

Item 112/3/4/5/6
How much do you like the concept of the TPAS?

-3

Total mean (SD)
6.25 (0.97)

o
o
—
—
(=)

The concept of the IPAS was rated positively, with 11 out of 12 participants
indicating that they liked the concept. The overall attitude toward the IPAS was
very homogeneous: the total mean of 6.25 on the 7-point scale is accompanied
by a low standard deviation (SD = 0.97), indicating that almost all participants
rated the concept positively.
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Table 8. Ratings of tailor-made questionnaire. 5-point Likert scale (1 = Strongly
disagree, 5 = Strongly agree). Additionally Total mean and standard deviation.

Item 4/5/Total mean (SD)
Was it easy to use the IPAS considering it was only shortly |0/0/084/4.33 (0.49)
introduced to you?

Does the use of the IPAS make your job more comfortable? 64/4.17 (0.72)

Does the IPAS provide you with a better overview of the 0/0/3/6/3/4.00 (0.74)
options compared to when you collect the data

conventionally?

Did you perceive a lower stress level when using the IPAS? 319/4,25 (0,45)

Do you think the use of an Al tool like the IPAS improves  |0/0/3/6/3/4.00 (0.74)
safety?

Table 8 reports more detailed statements about the usefulness of the IPAS
on a five-point Likert scale. For each item the numbers in the table indicate the
count of participants who selected the corresponding Likert point.

All participants reported that the system was easy to use despite only a brief
introduction. Regarding perceived usefulness, 10 out of 12 participants indicated
that a system like the IPAS could make their job more comfortable. 9 out of 12
participants indicated that the IPAS provides a better overview of the available
options compared with conventional data collection, while 3 out of 12 responded
neutrally. All participants reported a reduction in perceived stress when using
the IPAS. With respect to safety, 9 out of 12 participants indicated that the use
of an Al tool such as the IPAS could improve safety, while 3 out of 12 responded
neutrally.

In total, the detailed statements yielded total means between 4.00 and 4.33
on the 5-point scale, with standard deviations ranging from 0.45 to 0.74, which
reflects a consistently narrow spread of responses across the crew.

5 Discussion

This study provides exploratory insights into the impact of the IPAS on flight-
crew decision-making, pilots’ perceived usefulness of the system, and the explain-
ability of its Al-based outputs. Potential implications for flight safety and oper-
ational efficiency are also discussed, followed by a brief outline of the study’s
limitations.

5.1 Effects on Flight Crew Decision-Making

The Use of the IPAS Seems to Primarily Affects the Temporal Structure of
Decision-Making Rather than the Overall Time Needed. Due to the study design,
this observation may be attributable to the study design, which means that no
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clear statement can be made. Also, a reduction in decision time does not imply
higher decision quality, so no direct conclusions about decision quality can be
drawn from timing alone. Across both scenarios, a consistent pattern emerges in
which the relative time allocation shifts from the Options phase toward the Risks
& Benefits phases when using the IPAS (-41% Options to +27% Facts and +14%
Risks & Benefits in Italy scenario, -27% Options to +13% Facts and +14% Risks
& Benefits in Spain scenario). This shift can be explained by the fact that the
IPAS takes over the generation and rating of suitable options, as well as informa-
tion gathering and assessment of relevant decision factors, thereby freeing cogni-
tive and temporal resources for a more detailed assessment of the recommended
option. The qualitative observations confirm this interpretation: crews examined
each option in greater detail and evaluated a broader set of decision factors. A
similar timely shift is observed towards the Facts phase. Qualitative observations
confirm, that this phase was either skipped or only briefly addressed, whereas the
dedicated Facts page of the IPAS encourages crews to explicitly review the situ-
ation, constraints, and requirements for potential airports, as can be confirmed
by the observation.

The IPAS Does Not Change the Size of the Option Space, But it Could Influ-
ences How Options are Generated. With respect to the number of airports men-
tioned or taken into closer consideration, no effect of the IPAS was observed. In
some cases, only a single option was examined in more detail when using the
IPAS, which may indicate a risk of premature narrowing of the option space and
neglected consideration of lower-ranked alternatives. This may indicate a ten-
dency toward overtrust in the system. On the other hand, this could also be due
to learning effects in the repetition of the scenario, whereby the pilots already
had their preferred option in mind. In other cases, crews that considered only a
single option under conventional settings compared multiple alternatives when
using the IPAS, suggesting that the system can also support broader option con-
sideration. Notably, in the Spanish scenario, most crews chose a different airport
to the top-ranked TPAS recommendation, instead selecting the second-ranked
option, which was also chosen by all crews under conventional settings. This
suggests that crews do not follow the Al ranking blindly but actively assess and,
where appropriate, overrule the recommendations based on their own operational
judgement. At the same time, the experience from the first flight without IPAS
may also have influenced the choice here. Taken together, risks such as overtrust,
premature narrowing of the option space, and loss of critical thinking, known as
automation bias, should be considered both in the design of Al-based systems
and in related training and operational procedures. However, the study design
does not permit the distinction between a narrowing of the option space caused
by the system and a narrowing that occurs after participants have explored the
scenario once.

It Seems that the IPAS is Contributing to a More Structured and Informed
Decision-Making Process. The qualitative observations, supported by the qual-
itative analysis, indicate that the IPAS supports a more consistent application
of the FOR phases. In several conventional runs, the Facts phase was incom-
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plete or omitted, whereas with the IPAS the phases tend to be applied more
consistently. The interface structure mirrors the FOR process, which appears to
support both procedural guidance and flexible movement between phases, for
example by allowing crews to return from detailed airport. Observations suggest
that option assessments were often superficial and omitted relevant decision fac-
tors under conventional settings. In contrast, using the IPAS crews evaluated
a broader set of decision factors, resulting in a more detailed airport assess-
ment. This can be explained by the reduced effort required for collecting and
analysing information, as well as by the overview of important factors and their
colour-coded assessment provided by the IPAS. Even in scenarios where time
savings are marginal, decisions made with ITPAS support appear to be more
informed. Standard practices primarily focused on checking the weather condi-
tions at the next major airport (e.g., Madrid or Rome) and occasionally one
additional option. However, other critical parameters, such as runway condition,
technical support availability, passenger handling capabilities, and company pref-
erences, were often neglected. This can be attributed to IPAS’s detailed analysis
of all relevant factors and alternatives, encompassing a wider range of decision
factors than typically considered in conventional decision-making processes.

The IPAS May Influence Decision Strategies and Recurring Decision Patterns.
Across crews, the observation revealed recurring decision-making patterns, such
as sequential option generation after an initial assessment, early fixation on a
single option, or systematic one-by-one comparison of alternatives. The IPAS
may influence not only decision-making structure and information use but also
decision strategy. This points to a promising direction for future research, for
example along the lines of decision pattern analyses such as those reported by
[37].

Observation Suggests that the IPAS May have a Positive Impact on CRM.
Finally, a remarkable but anecdotal observation was that the CRM issues previ-
ously observed in one crew under conventional settings did not occur when the
IPAS was used. The IPAS may serve as an third neutral agent in the cockpit
hierarchy, providing an objective baseline that mitigates interpersonal friction
and appears to facilitate coordinated discussion, flatten hierarchies, and support
joint decision-making. This interpretation remains speculative and would require
a detailed investigation. However, it is very difficult to reproduce CRM problems
specifically for a study.

5.2 Explainability and Perceived Usefulness

The Ezxplainability of the IPAS is Rated Positively and as Helpful for Decision-
Making. The explainability of the IPAS received an overall ESS mean of 3.55,
indicating that participants generally agreed that the explanations were useful
and helped them understand how the system works, while still leaving room
for improvement. In particular, the explanations provided by the IPAS, such as
the presentation of relevant decision factors influencing airport ratings, the use
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of color coding to indicate individual factor assessments and the indication of
factor weightings [36], supported pilots in understanding the justification behind
alternate airport assessments. These explanations were also perceived as useful
for decision-making, indicating that they supported the operational task.

There Could be a Tension Field Between Depth of Explanation and Operational
Applicability. At the same time, the perceived level of detail and completeness of
the explanations received lower ratings. Taken together, this suggests a trade-off
between the amount and depth of explanatory information on the one hand and
the need for explanations at an appropriate level of detail that allows pilots to
focus on operational decision-making on the other, as also discussed in the liter-
ature (e.g., [7,21]). In this tension field, the IPAS appears to provide fewer but
operationally relevant explanations, which were sufficient to support decision-
making without overloading the crew, while at the same time possibly providing
slightly too little detail. This tension field should be carefully balanced when
designing explainable and operational Al-based systems.

The IPAS is Perceived as a Useful and Supportive Decision-Support Tool. The
results of the tailor-made questionnaire further indicate that the IPAS was per-
ceived as useful and supportive for the decision-making process. The concept
was positively received, the system was considered easy to use, and its use was
associated with increased perceived comfort and reduced perceived stress. In
addition, a majority of pilots indicated that the IPAS provides a better overview
of available options compared to conventional data collection.

5.3 Potential Implications for Flight Safety and Operational
Efficiency

When evaluating socio-technical systems, consideration should be given not only
to the system qualities discussed in this study, but also to their overall impact on
organisation, society and the environment [20]. While the present study was not
designed to assess safety outcomes or operational performance metrics directly,
the observed changes in flight crew decision-making processes suggest potential
implications for flight safety, operational efficiency and sustainability. From a
flight safety perspective, the IPAS was associated with a more structured and
explicit application of the FORDEC model. Research in human factors and CRM
has repeatedly shown that incomplete situation assessment, premature fixation
on a single option, and unstructured trade-offs are recurrent contributors to inad-
equate operational decisions [22,27,30]. These patterns were frequently observed
under conventional settings, whereas the IPAS-supported setting was character-
ized by more systematic consideration of operational constraints, explicit artic-
ulation of consequences, and more coordinated crew interaction. Although no
causal claims can be made, these mechanisms are widely regarded as support-
ing factors for safe flight operations and align with established principles of
structured aeronautical decision-making [24]. In addition to safety-related con-
siderations, the findings indicate possible implications for operational efficiency.
Diversion decisions affect flight-path length, holding time, airport suitability and
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secondary-diversion risk. The observed shift in time allocation from option gen-
eration toward information assessment and comparison suggests that the IPAS
may reduce the effort required for ad hoc information gathering and processing
while enabling more informed assessments of available alternatives. From an air-
line operations and management perspective, more informed and timely diversion
decisions may contribute to reduced downstream effects such as extended fuel
burn, additional ground handling complexity, and passenger disruption. Reduced
fuel burn and emissions are a likely indirect benefit. These potential effects should
be quantified by integrating decision-making analyses with operational, economic
and environmental performance models.

5.4 Limitations and Future Research Directions

This study has several limitations that need to be considered when interpreting
the results. First, the study followed a non-randomized within-subject design
with a fixed order of settings and scenarios. This limits the ability to attribute
observed effects unambiguously to the use of the IPAS and does not allow for
strong causal claims. Future studies should employ randomized and counter-
balanced designs to control for learning and order effects. Second, the qualita-
tive evaluation of decision-making was conducted by a single expert observer.
While this provided rich domain-specific insights, it also introduces subjectiv-
ity and potential bias. If qualitative observations are used as a metric in future
work, multiple domain experts should be consulted to increase the objectivity of
qualitative observations. The present study included quantitative performance
measures (e.g., the duration of the FOR phases). The qualitative observations
were used to complement these metrics by assessing how crews used informa-
tion, interacted, and by revealing decision-making patterns. Information that is
not evident from timing data alone. A promising direction for future research is
to quantify the qualitative findings, for example by analysing phase-transitions
and information-usage, to obtain a deeper and more objective insight into the
decision-making structure. As previously mentioned, the impact of the IPAS
could also be evaluated through an analysis of decision-making patterns and
strategies that differ between conventional and IPAS-supported settings (e.g.,
[37]).

With respect to further development of the IPAS, future work should focus on
the tension between explainability and information load, for example by enabling
adaptive levels of explanation detail depending on the operational context and
user needs. In addition, training concepts and procedural guidance should be
developed to support critical reflection when working with Al-based systems
and to mitigate risks of automation bias. Future research could investigate how
implementing IPAS translates into measurable outcomes relating to safety, effi-
ciency, costs and emissions, for example by combining simulator studies with
operational data, fuel burn models and airline performance metrics.
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6 Conclusion

This paper presented an exploratory simulator study on the effects of the IPAS
on flight-crew decision-making and on pilots’ perceptions of its explainability
and usefulness. The results suggest that the IPAS primarily supports a more
structured and more detailed consideration of facts, possible options, and their
risks and benefits. The study revealed a shift from time spent on searching for
options towards time spent on the detailed assessment of the decision factors and
available options when using the IPAS, potentially leading to more informed
decisions. Pilots perceived the IPAS as useful and supportive, and they rated
its explanations as helpful for understanding and justifying system outputs. At
the same time, the findings point to a potential tension between the depth of
explanations and the cognitive and temporal resources required to process them,
indicating that the level of explanatory detail can directly influence operational
applicability. Importantly, CRM-related issues observed in the conventional con-
dition disappeared when the IPAS was used, suggesting that the system can act
as a neutral third-party that facilitates coordinated crew interaction. At the
same time, the risk of premature narrowing of the option space and over-trust
(related to automation bias) was noted.

Overall, the results highlight the potential of user-centred, explainable AI
systems such as the IPAS to support flight-crew decision-making in complex
operational contexts, while underlining the importance of careful system design,
appropriate explainability, and training to mitigate known risks of operational
AT premature narrowing of the option space, automation bias, and overreliance
on Al-generated rankings. The findings suggest that Al-based decision-support
systems such as the IPAS can influence decision-making structure, information
usage and CRM, with possible impacts on flight safety, operational efficiency
and sustainability.
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