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ABSTRACT

Intelligent decision support tools (DSTs) hold the promise to im-
prove the quality of human decision-making in challenging situa-
tions like diversions in aviation. To achieve these improvements, a
common goal in DST design is to calibrate decision makers’ trust in
the system. However, this perspective is mostly informed by con-
trolled studies and might not fully reflect the real-world complexity
of diversions. In order to understand how DSTs can be beneficial in
the view of those who have the best understanding of the complex-
ity of diversions, we interviewed professional pilots. To facilitate
discussions, we built two low-fidelity prototypes, each representing
a different role a DST could assume: (a) actively suggesting and
ranking airports based on pilot-specified criteria, and (b) unobtru-
sively hinting at data points the pilot should be aware of. We find
that while pilots would not blindly trust a DST, they at the same
time reject deliberate trust calibration in the moment of the deci-
sion. We revisit appropriation as a lens to understand this seeming
contradiction as well as a range of means to enable appropriation.
Aside from the commonly considered need for transparency, these
include directability and continuous support throughout the entire
decision process. Based on our design exploration, we encourage
to expand the view on DST design beyond trust calibration at the
point of the actual decision.
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1 INTRODUCTION

As with most industries, the aviation industry is currently push-
ing for the adoption of artificial intelligence (Al) [16, 29]. A gen-
erally popular application for Al are intelligent decision support
tools (DSTs) [41], with the promise of improving the quality of hu-
man decision-making. Such improvements could be of great benefit
to commercial aviation as well, where faulty decision-making is
among the leading causes for accidents [52]. One particular type of
decision situations for pilots are diversions, where an emergency or
other abnormal event requires the crew to divert to another desti-
nation than the original one. While diversions are rare, they can be
very challenging. For instance, diversions can incur high cost on
airlines and strongly disrupt operations [42]; but minimizing these
costs can run counter to safety requirements. A well-known exam-
ple of such a goal conflict leading to a poor decision is Hapag-Lloyd
Flight 3378 from Crete, Greece to Hanover, Germany [47]: After
departure, the landing gear did not fully retract, causing increased
fuel consumption. Instead of landing at nearby Zagreb, the captain
tried to reach Vienna, likely because it was economically and oper-
ationally preferable. Unfortunately, the fuel did not last, resulting
in a crash landing before the runway at Vienna. Supporting pilots
to minimize the risk of such poor diversion decisions is a desirable
goal given their potentially grave consequences. But in contrast
to often simple controlled studies on DSTs, which treat decisions
as isolated selections between options [41], diversions are highly
complex, posing a challenge for the application of DSTs.
Currently existing Al applications in aviation are not safety-
critical [29]. To move into safety-critical applications like diversion
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assistance, the question is how to keep the very high safety stan-
dards of the industry with Al, or even improve on them. While the
introduction of ight deck automation has brought many bene ts,

it has also led to a range of unanticipated issues like engde
confusior(user errors due to automation being in a di erent mode
than expected) oclumsy automatiofautomation that eases work-
load when it is already low, but further increases workload when

it is already high) B, 22 50. The concern is that increased system
intelligence might aggravate problems like these [19].

Such problems can often be attributed to an insu cient consid-
eration of user requirements in the development of automation,
despite the popularity of the label human-centered7, 50. As
target applications for intelligent systems are often highly complex,
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model, humans employ either intuitive, fast decision-makirgyé-
tem J), or deliberative, slow decision-makingystem P The mecha-
nisms underlying the intuitive System 1 judgments and their interac-
tions with System 2 have been of great interest to decision-making
research, with at least two established perspective=uristics and
biasegHB) andnaturalistic decision makindNDM) [35. The HB ap-
proach focuses on systematic biases and errors in human intuition,
mostly investigated through controlled experiment8g, 56. NDM

on the other hand focuses on how experts are able to make good
decisions intuitively, studying decision-making under real-world
conditions and complexities39, 43. NDM views decisions much
more broadly than only as the choice between options, with a focus
onmacrocognitive functioriike sensemakinpt9. In fact, according

a deep understanding of user requirements becomes even more to NDM models likerecognition-primed decisi¢RPD) Bg, expert

important than with traditional automation. We therefore inter-
viewed professional pilots to learn about the context of diversion
decisions as well as opportunities and requirements for DSTs in
diversions. To facilitate discussions, we built two low- delity pro-
totypes, each representing a di erent role a DST could assume: (a)
actively suggesting and ranking airports based on criteria the pilot
has previously de ned, and (b) unobtrusively hinting at data points
the pilot should be aware of.

We nd that diversion decision-making goes beyond what is
usually captured in controlled studies. Most importantly, pilots do
not merely try to select a good option in reaction to an emergency,
but also aim to proactively shape the situation in their favor. We
also nd that while pilots would not blindly trust a DST, they at
the same time reject deliberateust calibrationin the moment of
the decision. We revisit the concept appropriation 14 to make
sense of this seeming contradiction. Together with the insights into
diversions, the lens of appropriation suggests a range of design
opportunities and challenges which in part go beyond the common

decisions may not involve choosing between options at all. RPD
the prototypical NDM model (43 posits that experts generate
one option at a time that they recognize as appropriate to the cur-
rent situation and that they evaluate through mental simulation.
Only if an option is deemed to have shortcomings, the expert would
discard it and generate a new one.

2.2 Decision-making in aviation

Decision-making in emergency or abnormal situations is one of
the most challenging tasks for pilots, as a multitude of technical,
operational, and environmental factors need to be considered. For
instance, pilots may need to consider technical limitations of the air-
craft due to system failures, preferences of the airline, and current
weather conditions. Since goals can be con icting, there is often
no objectively correct decision. Moreover, decisions in aviation are
often accompanied by time constraints and uncertainty, e.g. about

perspective on DSTs (i.e. recommending a decision and ensuring how weather conditions will develop. To make good decisions in

trust calibration through transparency). Most notably, this includes
continuous support prior to and around the actual point of decision.
We view the contributions of our work as follows:

(1) We contribute to and demonstrate the value of the growing
e orts to investigate intelligent DSTs in complex real-world
applications, with aviation as a domain that is understudied
in the HCI community.

(2) We propose to design DSTs and intelligent systems more
generally with appropriation in mind, and discuss possible
means to facilitate appropriation of intelligent systems.

2 BACKGROUND

2.1 Human decision-making

Early research on human decision-making was dominateddy
tional choice theory.e. the assumption that humans would in gen-
eral make rational decisions given the available informati@3[
Later evidence undermined this assumption, showing that humans
frequently deviate from optimal decisions predicted by formal
models PR3 24,43. As a result, rational choice theory has given way
to the dual process theory of decision-maKi#{. According to this

such complex and dynamic situations, it is crucial for pilots to form
and maintainsituation awarenegS$A). According to the commonly
adopted model of EndsleyLf], SA consists of three levels: pgr-
ceptiorof elements in the current situation, Zomprehensioof the
current situation, and 3projectiorof the future status.

Poor decisions like in the example of Hapag-Lloyd Flight 3378 are
strongly linked with low SA on the pilots' side1§. Often, this is a
result of unstructured decision-making based on faulty intuition. In
order to help pilots make structured decisions with a high level of
SA, airlines have introduced multiple prescriptive decision frame-
works [55. While these frameworks di er in details, they have in
common that they structure decisions along several steps, such as
analysis of the situation or evaluation of option§f. In Germany
and other European countries, one of the most widely used frame-
works is FOR-DE31, 55. The acronym concisely captures the
six steps that pilots should follow in their decision-making process:
facts, options, risks and bene ts, decision, execution, check. The
dash in the middle symbolizes a pause after the situation assessment
phase before going for a speci c option.

In this work, we focus on diversions, where an emergency or
abnormal situation requires the crew to divert to an airport di erent
from the original destination. In such a case, pilots need to rst
decide whether a diversion is necessary, and if so, which alternative
destination to divert to. Possible reasons for a diversion include
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e.g. bad weather at the destination, a technical failure, or a medical
emergency among the passengers.

2.3 Decision support tools

Along with the impressive advances in Al, interest in intelligent
decision support too®STs) has surged in recent years, often in
high-stakes applications like medical diagnosis B3 4§, cred-
itworthiness assessment [, 25, university admission 9, 13, or
recidivism prediction P5 44, 5§. Usually, these DSTs feature an
Al model that recommends a decision, often along with an explana-
tion [41]. As Cabitza et al. ] call it, the Al functions as an oracle .

Re ecting the HB tradition of decision-making research, there
has recently been a quickly growing number of controlled studies
on intelligent DSTs, often through the lens of human cognitive
biases§, 11,44. A frequent focus of these studiestigist calibration
via explanations of Al outputs{1, 58 60, 63, i.e. whether and to
what extent explanations help decision makers to adopt correct
outputs and to reject incorrect ones. The reasoning is that well-
calibrated trust would lead to high joint human-Al performancg][
Results show that trust is hard to calibrate, which potentially results
in overreliancé2, 5, 33] orunderrelianc§l3].

While insightful, these studies may not fully re ect the usage
of DSTs in practice. Studies on trust calibration mostly frame the
human-DST interaction as what is essentiaiypervisory control
Subjects have to detect when to trust the DST and when not to.
Chiou and Lee 1 argue that trust calibration is indeed crucial for
supervisory control, but not necessarily the goal for the often more
lateral interactions between humans and intelligent systems. These
lateral interactions are usually not captured by controlled studies.
Similarly, Lai et al. #1] point out that controlled studies usually
miss context, mostly treating decisions as isolated points, which
might be hard to translate into practice.

The HCI community has studied actual decision environments as
well, though, like clinical decisions32, 36 67, child maltreatment
screening B7], or nursing homes Pq. Challenges revealed in such
real-world studies include for instance a mismatch between model
prediction and decision makers' thought proces7, or inaccurate
assumptions about how decision makers would involve DSTs into
their work [62. Challenges like these show that how to best support

1UI '23, March 27 31, 2023, Sydney, NSW, Australia

3 METHOD

To understand how to support pilots in diversions, we created two
low- delity prototypes of an intelligent diversion assistance system
and discussed them with professional pilots. Below, we present our
prototypes and the design rationale behind them, followed by a
description of the pilot interviews.

3.1 Scenario

The scenario presented to the pilots was a passenger having a heart
attack. In such an emergency, pilots should land the aircraft soon
to enable medical care. This most likely means diverting to another
airport in case the planned destination is not close enough. The
prototypes in theory should not only apply to diversions due to
medical emergencies, but also other abnormal situations, such as
technical failure. For this design exploration however, only the user
journey of a medical emergency was laid out in detail.

3.2 Prototypes

We built two click dummy prototypes for diversion assistance sys-
tems. They mainly di er in the role of the intelligent system and
how the pilot can interact with it. Note that both concepts are not
mutually exclusive but could easily be combined. We chose to draft
them as two separate concepts in order to emphasize during the
discussions with pilots the di erent roles a DST could assume.

3.2.1 Design proce8fe gained an initial understanding about
diversions through informal interviews with pilots and industry
experts as well as through an existing diversion assistance con-
cept from an industry partner24. Information gained from these
sources include common decision criteria, pilots' general work ow
during diversions, as well as rough ideas about the di culties of di-
versions, such as the ine ciency of collecting relevant information
for a decision.

Based on this initial understanding, we created the prototypes
using a diverge-and-converge process]l The rst two authors
independently created several rough sketches of possible designs
(diverge) before presenting them to each other and discussing them
(converge). Prior work indicates that pilots are particularly con-
cerned that an intelligent system might be a burden rather than

high-stakes decisions in practice remains an open question and can @ help in case it cannot adequately handle real-world complexi-

likely not be fully addressed by controlled studies only. Within the

ties [64]. We therefore had a particular focus on how system intelli-

aviation context, past research on DSTs emphasizes the issue ofgence can be helpful to pilots, even when it is imperfect at times.

brittlenesg12, 45 54, i.e. how intelligent systems might fail under
complex conditions and how this impacts operators. Prior work also
points out that with regard to Al on ight decks, pilots themselves
are most concerned about how Al might fail when faced with
real-world complexities ¢4. For instance, rules and procedures
help pilots to deal with most situations. However, unusual events
can require pilots to deviate from rules and procedures, a di cult
judgment for computers to make. With this research context in
mind, we posed the following research question for our design
exploration with pilots:

RQ: What are design opportunities and requirements
for intelligent systems to support pilots in making
diversion decisions, especially considering the high
complexity of diversions?

The major point of discussion that emerged from this diverge-and-
converge exploration was how to combine or trade o between
e ciency and control: The closer the DST output would be to a
ready-to-adopt decision, the more e cient the support would be if
the output was of high quality. At the same time, it would likely
be harder for pilots to steer the DST into a more productive direc-
tion if the output was of low quality. The ideas from the sketches
converged on two potential roles of a diversion DST, around which
we built the two click dummy prototypes. The prototypes matured
by re ecting on the design decisions taken and giving feedback to
each other.

3.2.2 Prototype A Global Suggestiofaototype A is conceptu-
ally closer to the aforementioned industry partner desig2(]. It
follows the conventional approach for DSTs where the system gives
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Figure 1: Prototype A Global Suggestions (Section 3.2.2). Following the conventional DST approach, the system suggests
airports by ranking them according to their suitability. Pilots have control over the ranking through the speci cation of

diversion criteria. The color coding provides transparency.

concrete decision suggestions. In this case, the system gives sug-over the criteria are the two means in this prototype to help pilots

gestions by ranking the surrounding airports according to their
calculated suitability and highlighting the best ones (Figure 1). Be-
fore getting a suggestion, pilots need to specify diversion criteria for
the system to consider, such as ight time, runway length, weather,
or distance to the next hospital. Pilots can further de ne the impor-
tance of the individual criteria and specify an acceptable range of
values for them. Suitable criteria and values are suggested by the

system based on the selected emergency situation (i.e. medical emer

gency, technical failure, etc.) in order to speed up the input process.
Letting pilots de ne and check the criteria rst before displaying a
suggestion aims to provide more control over the system's evalua-
tion. On the following screen, the ranked airports are presented in a
table, along with their calculated values for the speci ed criteria. A
color coding communicates how likely the corresponding criterion
will be met for the respective airport. The values for the criteria
together with the color coding are meant to provide transparency
about the system's suggestions. Transparency together with control

work with possibly imperfect system suggestions.

3.2.3 Prototype B Local Hintdn prototype B, the system assumes
a di erent role than in conventional DST designs. Instead of sug-
gesting diversion options, the system is designed to provide a better
basis for a decision by continuously evaluating and highlighting
relevant information (Figure 2). Similar to prototype A, this is done
by displaying the surrounding airports and their information re-

garding various diversion criteria in a table. However, unlike in the
other concept, prototype B does not rank the airports, and it does
not require pilots to specify diversion criteria. Instead, the values
for all criteria known to the system are shown at all times. For
values that require extra attention, the system displays warnings
and alerts called.ocal Hints Clicking on a hint reveals an expla-
nation of its reason. Pilots can additionally select an airport to see
a summary box with a short communication of the main points
highlighted by the system for the selected airport.

In contrast to prototype A, which is designed to be used when
an emergency occurs, prototype B is meant to be used throughout
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Figure 2: Prototype B Local Hints (Section 3.2.3). Instead of suggesting airports, the system continuously alerts and warns
about data points that require extra attention, also in normal ight. In case of an emergency, the hints can be tailored to the
speci c type of emergency. Text explanations provide transparency about the hints.

the ight, even when no emergency is imminent. It can be used in a more ne-grained level, pilots might be able to better incorporate
two modes: default mode and emergency mode. In default mode, it into their decision-making, even when it is imperfect.
the information is evaluated generally, with no particular reason
for diversion in mind. This mode aims to provide SA, by giving 3.3 Expert interviews
pilots an overview of their surroundings and potential risks like
bad weather which are of general interest, independent of the spe-
ci ¢ situation. In case an emergency occurs, pilots can activate the
emergency mode and select a speci ¢ diversion reason, in this case
medical emergency. The system then reevaluates all the data and
gives hints tailored to the newly speci ed situation. For a medical
emergency, this means for example displaying a warning if the
helicopter service at an airport is predicted to be unavailable. In
case the evaluation has changed for a certain criterion due to the
emergency mode, the corresponding table cell is indicated visually.
In this prototype, we aimed to design around possibly imperfect
system intelligence by giving the system a more restrained role.
Our intention was to avoid biasing pilots toward possibly subop-
timal options and to engage pilots more deeply into the solution
generation. The idea is that since system intelligence is provided at

We interviewed eight experienced pilots (seven male and one female,
average age: 43.5 years, average ying hours: 10,279 hours). One of
them has a background as a ghter pilot, but also regularly test- ies
passenger aircraft. The other participants are airline pilots who
have own for various German airlines, ve as captains, two as
rst o cers. The airline pilots were recruited over mailing lists and
received a compensation of 200 EUR each for their participation
in the about two-hour-long sessions, which is a typical amount
for pilots, given the di culty of addressing this target group. The
ghter pilot participated without compensation as an employee of

a project partner. We conducted the interviews via Webaideo

calls and recorded all sessions. Each session consisted of two parts,
as shown in Figure 3 and as described below.

https:/iwww.webex.com
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