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Supporting pilots with a decision support tool (DST) during high-workload scenarios is a promising and potentially very helpful
application for Al in aviation. Nevertheless, design requirements and opportunities for trustworthy DSTs within the aviation domain
have not been explored much in the scientific literature. To address this gap, we explore the decision-making process of pilots with
respect to user requirements for the use case of diversions. We do so via two prototypes, each representing a role the Al could have in a
DST: A) Unobtrusively hinting at data points the pilot should be aware of. B) Actively suggesting and ranking diversion options based
on criteria the pilot has previously defined. Our work-in-progress feedback study reveals four preliminary main findings: 1) Pilots
demand guaranteed trustworthiness of such a system and refuse trust calibration in the moment of emergency. 2) We may need to
look beyond trust calibration for isolated decision points and rather design for the process leading to the decision. 3) An unobtrusive,
augmenting Al seems to be preferred over an Al proposing and ranking diversion options at decision time. 4) Shifting the design goal

toward supporting situation awareness rather than the decision itself may be a promising approach to increase trust and reliance.
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1 INTRODUCTION

Al-based decision support tools (DSTs) are an extensively researched topic within the HCI community [1, 3, 7, 14, 17, 21, 26].
Fast information processing in particular is a benefit that Al can contribute to the decision-making of human-Al teams [9].
In modern aviation, some of pilots’ most demanding tasks are the assessment of abnormal and novel situations and
decision-making in complex, uncertain, and equivocal environments [27]. Supporting pilots with a DST is therefore
a promising application for Al in aviation, particularly in use cases where a large amount of information analysis

is required in high-workload and time-critical contexts. One specific example for such a challenging situation is a

“Both authors contributed equally to this research.

Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not
made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components
of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to
redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org.

© 2022 Association for Computing Machinery.

Manuscript submitted to ACM


https://doi.org/XXXXXXX.XXXXXXX

CHI TRAIT °22, April 30, 2022, New Orleans, LA Cara Storath, Zelun Tony Zhang, Yuanting Liu, and Heinrich Huimann

diversion: In this case, an emergency or other abnormal event requires the crew to divert to another airport than the
original destination.

Research on DSTs suggests that in order to build a beneficial and trustworthy DST, it is crucial to consider the context
of use and embed the Al into the surrounding workflow [25]. Within the context of clinical decision-making, Yang et al.
do so with an “unremarkable AI”, meaning that the Al’s functionality is to augment the decision-making process by
displaying prognostics [24]. Van Berkel et al. discuss a similar concept under the term of “continuous” human-AI
interaction, which they characterize as “interaction as commentary” [20]. To learn more about the context of diversion
decisions as well as possibilities and requirements for Al-based DSTs in aviation, we follow an iterative Research
through Design (RtD) approach, with the presented work as the first feedback loop. We built two DST prototypes, each
representing a different role Al could have in such a system: A) Unobtrusively hinting at data points the pilot should be
aware of. B) Actively suggesting and ranking diversion options based on criteria the pilot has previously defined. Our
findings suggest that diversion decisions are rather processes than isolated decision points. Consequently, the main
value of DSTs might rather be supporting pilots’ situation awareness than the moment of the decision itself. Additionally,
pilots demand guaranteed trustworthiness of the Al and reject trust calibration via explainability during the emergency.
These requirements may be better fulfilled by an AI which continuously produces hints in an unobtrusive way, rather
than by one that is actively suggesting options at decision time.

This workshop paper makes two contributions. First, we present two new interaction concepts for DSTs, especially
adding to design concepts for unremarkable Al Second, we give an industry perspective based on a work-in-progress
study, showing potential design requirements and challenges regarding trust and reliance for DSTs in aviation, as well

as deeper insights into the decision-making process of aircrews.

2 BACKGROUND
2.1 Decision-making in aviation

Aviation is a highly automated domain where most of the motoric and tactical tasks of flying are already partially or fully
supported by automation [2]. For an uneventful flight, the automation can take over almost the entire flight from right
after takeoff up until landing. Tasks left to the crew include operating and supervising the automation, communicating
with air traffic control (ATC), and decision-making. These tasks are particularly important in an emergency or abnormal
situation, which likely falls outside the competence of the automation. In such a situation, the human capability to
assess novel situations and to solve problems is essential [27].

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 needs to be considered and prioritized. To make good decisions in
such complex and dynamic situations, it is crucial for pilots to form and maintain situation awareness (SA). According
to the commonly adopted model of Endsley [5], SA consists of three levels: 1) perception of elements in the current
situation, 2) comprehension of the current situation, and 3) projection of the future status.

In our current work, we consider the issue of diversions, that is situations where an emergency or abnormal situation
requires the crew to divert to an airport different from the original destination. In such a case, pilots need to first decide
whether a diversion is necessary, and if so, which alternative destination to divert to. Possible reasons for a diversion

include bad weather at the original destination, a technical failure, or a medical emergency among the passengers.



Building Trust by Supporting Situation Awareness CHI TRAIT 22, April 30, 2022, New Orleans, LA

2.2 Decision support tools

The effects of Al-based DSTs on human decision-making are an increasingly popular subject for empirical research [13].
One commonly studied topic here is the issue of trust calibration: Decision-makers should have appropriate trust toward
the AI support, which means they should neither rely on Al when it is wrong, nor ignore it when it is correct. Most
pertaining studies investigate the effect on trust calibration created by explanations of Al suggestions [18, 22, 23, 26].
However, Lai et al. [13] point out a potential gap between the research findings and how DSTs are actually used in
practice, as most studies focus on the moment of the decision and ignore factors like workflow or context of use. Yet,
these factors can have a major impact on the effectiveness of DSTs. For example, research on clinical DSTs suggests
that their main value may not be to support the moment of the decision itself, but rather other subtasks surrounding
the decision [10, 11, 25]. Similarly, Lubars and Tan [15] emphasize the importance of defining a suitable task for the Al
In their survey, they find a strong preference among participants for machine-in-the-loop designs in which humans are
leading the process. This corresponds to the interaction-as-commentary paradigm described by van Berkel et al. [20], in
which the Al continuously processes input and reacts if necessary. This paradigm was represented in the form of an Al
highlighting potential polyps with visual markers in a clinical inspection task [19].

Findings like these point toward the importance of a holistic view when designing DSTs—ignoring the context of
decision-making might negatively impact trust and reliance. In healthcare for instance, research has already shown

evidence that DSTs appear to be barely adopted despite their effectiveness in laboratory settings [4, 25].

3 METHOD

To inform our future work, we created two low-fidelity prototypes of an Al-based diversion assistance system and
discussed them with professional pilots. In the following, we present our prototypes and the design rationale behind

them, followed by a description of the study design.

3.1 Scenario

The scenario presented to the pilots was an in-flight diversion due to a medical emergency, in this case, a passenger
having a heart attack. In this type of emergency, the pilot 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 illustrate a general diversion assistance system, which in theory should not only work for a diversion
due to a medical emergency but also in case of other abnormal situations, such as technical failure. For the study

however, only the specific user journey of a medical emergency was prototyped completely.

3.2 Prototypes

We built two click dummy prototypes for diversion assistance systems. They mainly differ in the role the Al plays

within the system and how the pilot can interact with it.

3.2.1 Prototype A—Local Hints. In this prototype, the Al was designed to continuously evaluate and highlight decision-
relevant information without suggesting particular diversion options (Fig. 1). This is done by displaying all surrounding
airports and their information regarding certain criteria in a table. These criteria are important for diversions, such as
flight time, runway length, weather at the destination, or distance to the next hospital. The airports are ordered from
left to right according to a criterion specified by the pilot (e.g. flight time). Each table cell displays the value of one

criterion for one airport. The AT's main task is to evaluate these values and to display warnings and alerts in case a
3
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Fig. 1. Prototype A Local Hints:  The application can be used in default mode and emergency mode . Switching the mode
changes the evaluation of the Al. Icons hint at criteria that the Al considers worth alerting or warning about. Further information is
displayed on demand via popovers. The airports are displayed in the header of the table, each row displays the information regarding
a certain criterion (listed on the le ).

value requires extra attention. These warnings and alerts are displayed in the form of icons and are called Local Hints .
By clicking on the icon, the pilot can retrieve additional information as to why the Al considered the value hint-worthy.
The pilot additionally has the option to select an airport to see a summary box. This summary box contains the main
hints of the selected airport and serves as a short communication of the main points highlighted by the Al.

The prototype can be used in two modes: default mode and emergency mode . Within the default mode , the
information is displayed and evaluated generally, with no particular reason for diversion in mind. This mode aims to
provide SA, by giving the pilot an overview of the current situation and potential risks. In case an emergency occurs, the
pilot can activate the emergency mode and enter a concrete reason for a diversion, in this case medical emergency .
The Al then reevaluates all the data and gives hints according to the new situation. For a medical emergency, this means
for example displaying a warning if the helicopter service 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.

3.2.2 Prototype B Global Suggestiofs.prototype B, the Al makes concrete suggestions of diversion options. In
contrast to prototype A, the airports are ranked according to the Al's calculation of the most suitable diversion options

(Fig. 2). Before getting a suggestion, the pilot needs to enter criteria for the Al suggestions. The criteria are the same as
4
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Fig. 2. Prototype B Global Suggestions: In the first step, the pilot can define the criteria according to which the Al should
calculate its suggestions for a diversion airport. In the second step, diversion options are displayed in the order of the calculated
suitability. The color coding communicates how certain the Al is that a criterion will be met.

in prototype A. However, while prototype A always displays all criteria available to the Al, prototype B only considers

the subset of the criteria de ned by the pilot. The pilot can furthermore de ne the importance of the individual criteria

and de ne an acceptable range of values for them. Suitable criteria and values are suggested by the Al based on the
emergency situation entered in order to speed up the input process. Letting the pilot de ne and check the criteria rst
before displaying a suggestion aims to provide more control over the Al's evaluation. On the screen suggesting suitable
diversion options, the criteria previously de ned are again listed below the airports. A color coding communicates how
likely the corresponding criterion will be met for the respective airport. The calculated values for the individual criteria
together with their likeliness of ful iment are meant to serve as an explanation for the Al's suggestions.

3.2.3 Design proced¥e created the described prototypes by following a loose RtD approach in which the rst two
authors explored di erent ways in which an Al could support a pilot in making diversion decisions. The interfaces
matured by re ecting on the design decisions taken and giving feedback to each other. The design process was informed
by several informal interviews with pilots and experts from the aviation industry as well as by an existing concept from
prior work [6].
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