Opsummering

I dette projekt udforsker vi anvendelsen af Al-detektering med forklaringer i et
multi-drone sgge- og redningssystem (SAR). Droner anvendes i en bred varia-
tion af applikationer i dag, og den danske beredskabsstyrelse (DEMA) benytter
ogsa droner i forskellige SAR-situationer. Vores mal var at teste, hvordan fork-
laringer fra en Al, der assisterer med at lokalisere savnede personer, kan hjzlpe
med at nedsaette den kognitive belastning og forbedre praestationen hos SAR
personale. Nar flere droner arbejder sammen om at lokalisere en savnet per-
son, er der et stort omrade at sgge i, og mange ting at holde styr pa, som
kraever et godt overblik. Derfor afgreensede vi rollen som drone operatgr og
observatgr til kun at veere observatgr. Observatgren skal ikke bekymre sig om
hvor dronerne flyver hen eller hvis de skulle styrte ned. De skal kun fokusere
pa hvad dronerne ser. Vi undersggte derfor, om de ekstra forklaringer fra en
AT ville hjelpe observatgren med at treeffe den korrekte beslutning, og om det
havde en indvirkning pa responstiden. For at teste dette, udviklede vi en online
platform, som simulerede fem droner, der flyver i et omrade og sgger efter en
specifik person. Hvis en drone opdager et interessant objekt, rapporterer den
en alert, i form af en alarmmarkgr, der placeres pa opdagelsesstedet. Alerts
fra alle droner ville poppe op, mens dronerne flgj langs deres ruter, og brugerne
blev bedt om at forsgge at besvare sa mange alarmer som muligt og besvare dem
korrekt. I alt blev der afholdt fire tests, der bestod af bade hgjt og lavt kognitivt
belastningsniveau, hver med eller uden Al-forklaringer. Der blev rekrutteret 8
deltagere til undersggelsen. Deltagerne var primart personer fra DEMA, men vi
rekrutterede ogsa personer fra dronevirksomheden Robotto samt fra en social
netveerksgruppe for professionelle dronepiloter. Vores hypoteser omhandlede
primeert om der vil vaere stor variation i svarene, hvilket viste sig ikke at vaere
sandt. Dernaest undersggte vi om de ekstra forklaringer vil seenke responstiden
for hver alert, men ggre deres svar mere praecise. Ved brug af ANOVA kunne vi
ogsa afvise denne hypotese. Den tredje hypotese omhandlede at den oplevede
arbejdsbyrde ville veere lavere med ekstra forklaringer, denne hypotese kunne
vi dog ogsa afvise, da der igen ved brug af ANOVA ikke kunne vises nogen
signifikant sammenheaeng mellem disse. Til sidst forventede vi, at nar de ekstra
forklaringer blev vist, sa ville deltagerne fglge et bestemt mgnster nar de skulle
veelge den naeste alert at svare pa. Ingen synlige mgnstre gjorde sig til kende.
Langt de fleste alerts blev der svaret ’Ignore’ til, hvilket var overraskende, dog
kunne grunden til dette vaere fordi der blev lagt meget vaegt pa at det vil koste
ressourcer hver gang et objekt skulle inspiceres. Kommentarer fra deltagerne var
meget positive omkring at have de ekstra oplysninger, dog kunne det mistaenkes
at de misforstod dem. Selvom ekstra oplysninger ikke havde en direkte indfly-
delse pa deltagernes beslutningstagen, sa har vi praesenteret vores undersggelser
i dette projekt, som understreger kompleksiteten ved at kombinere AT i SAR
kontekst, og udfordringen ved at undga at automatikken sker pa bekostning af
den individuelle erfaring.
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The use of drone swarms for search and rescue is being increasingly explored. Because of the time-sensitive and life-critical nature of
these missions they are very mentally demanding of the search and rescue operators. It is therefore apparent that incorporation of
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search and rescue missions. We conducted an online study with 8 participants involved with the Danish Emergency Services, in which
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detail. A combination of performance measures and subjective measures showed that under high cognitive load, participants become
significantly faster at responding to alerts, and that this increase in speed is not necessarily at the cost of accuracy. Our findings also
provide insight into the challenge of mitigating a drop-off in user expertise due to over-trust in the AL We discuss the findings and
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1 INTRODUCTION

The use of unmanned aerial vehicles (UAVs) such as drones for search and rescue (SAR) is being increasingly targeted
by researchers because of the drones’ ability to speed up the search process, thereby reducing the time to find people
[3, 25, 39]. A recent research focus has been to use swarms of drones, with the intended benefit of being able to cover a
large area even faster [9, 11, 16, 34]. In order to realise the use of a drone swarm, increasing levels of automation are
needed because each drone can’t be controlled directly at all times. Interfaces for how to control the drone swarm and
view live video generated by each drone have recently been suggested [11, 16]. Considering the benefits of coordinated
swarms of drones, SAR operations could be improved with faster coverage of large areas, however, there is little research
on interfaces to support higher levels of automation such as automatic identification of objects, and it is unclear how
the operator can maintain a sense of control and at the same time benefit from the automated swarm behavior. These
interfaces need to carefully balance control and automation in order to serve as a tool that operators with expertise can

utilize, rather than be the complete solution.
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This work is a part of the HERD research project! which aims to allow an operator to deploy and control a swarm
of drones that will fly semi-autonomously, and may perform automatic detection of objects of interest. Large steps
have already been taken in this direction. In close collaboration with the Danish Emergency Management Agency
(DEMA)? and local drone developer Robotto?, suggestions have been made for a SAR oriented system for control of a
drone swarm and an interface for viewing live video feed [11, 16]. System autonomy in regards to the identification of
people in distress, and more specifically, how operators will interface and interact with the system once those detections
happen is still highly uncertain.

In order to investigate how Al-generated alerts can be used to improve the performance of drone swarm operators
during searches we conducted an online study to examine performance when responding to Al-generated alerts. The
study looked at situations where users would be shown minimal details about the alert versus detailed information about
what triggered the alert, while also experiencing low and high levels of cognitive load. The study was conducted with
domain professionals from DEMA and Robotto. The main findings in this paper indicate that providing explanations for
Al detections did not improve the speed or the accuracy of participants’ responses. However, the findings do indicate
that participants still found explanations useful for helping to make the decision of inspecting or ignoring an alert,
even over-relying on them in some cases.

The main contributions of this work are: (1) We provide implications for the design of Al-generated alerts in SAR; (2)
We provide insights into how explanation detail in alerts can impact the performance of SAR operators; (3) We develop

a research platform that allows for simulation and interaction with any number of drones.

2 RELATED WORK

In this section, we examine related research on drone swarms for SAR purposes and discuss how it ties together with
literature on how to design alerts that help to improve user performance and understanding without overwhelming
them. We also illuminate existing research in the field of human-AlI collaboration and investigate what practices can be

used to guide alert design toward overcoming the challenges in a drone swarm SAR system.

2.1 Search and Rescue Multi-UAV systems

Using drones for SAR operations is becoming increasingly widespread in the domains of maritime SAR [22, 28] as well
as ground based SAR [9, 16, 34]. One immediate benefit is that large areas can be searched more quickly, especially with
a swarm of drones. Arnold et al. examine the challenge of optimizing the coverage of a search area [6]. They do this by
extensively simulating swarms of up to 50 drones that are given different simple behaviors. They find that, with the
optimal role distribution, the swarm is able to locate all missing people in a four square kilometer area in 40 minutes.
As of the writing of this paper, there is no universally agreed upon best way to interface with and control the swarm of
drones. A tablet-based approach for mission planning and real-time swarm control is presented by Hoang et al. Through
a co-design session with domain experts from DEMA they find that some level of automation is desired for supporting
e.g. path planning and adjusting the camera angles according to the terrain. However, it is also evident that automation
in such a system should serve as a tool to support the human operator rather than replace them [16]. We recognize
the role of automation as a supportive tool rather than the complete solution. With respect to situational awareness,
challenges associated with a single UAV differ significantly from a multi-UAV emergency response environment [3].
Uhttps://direc.dk/herd-human-ai-collaboration-engaging-and-controlling-swarms- of-robots-and- drones/

https://www.brs.dk/en/
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Christensen et al. study how to present video feeds from drone swarms to SAR operators while maintaining their
situation awareness among other things. By performing a field study in collaboration with domain experts they find
that video information overload is one of the main challenges to overcome, and that an operator at most can keep track
of three video feeds at a time. They also find that participants wish to always be able to see what the drones are doing
on the map because of a lack of complete trust in the new technology [11]. For these reasons, it will be beneficial to
consider the use of a designated alert handler role separate from the one that controls the drone swarm.

While a lot of work has focused on the control mechanisms of multi-robot systems, an important part of these systems
will entail how information, such as status updates, should be conveyed to whoever is responsible for it. Specifically in
terms of drone swarms for SAR, we want to investigate how a user should be alerted to real time detections made by

the drones.

2.2 Alert Design

Alerts and notifications are common in many contemporary information systems. However, work on the design of
alerts in drone SAR systems is sparse. Challenges that are faced in air traffic control (ATC) notification systems such
as high false alarm rates [38], attentional tunneling [19], and the inability to distinguish notification cause [21], are
all expected to also be obstacles in alert systems for drone swarm SAR. To overcome these issues, researchers have
suggested the use of likelihood alarms, that self-report their own confidence [38], utilization of designs that draw visual
attention to import areas [19], as well as encoding notifications with categorical information about what caused them
[21]. Although the tasks that are performed in ATC and SAR are different, there is a distinct similarity in the mental
demands that those tasks place on the person performing them. Therefore, it would be reasonable to consider practices
that are known from ATC as the first step toward developing system for drone swarm SAR.

In [3], Agrawal et al. focus on improving situational awareness in multi-UAV emergency response applications, as
well as testing different ways to communicate with firefighters through their interface, which include notifications of
when and where a drone has observed a drowning person. Domain experts express a need for imagery to be full screen
and related buttons to be closely adjacent, which is also supported by the findings of Christensen et al. [11]. In [36],
Van Berkel et al. study seven unique visual marker designs for Al detection notification during colonoscopy. One of the
designs only displays the Al confidence score without a visual border around the detection, but participants did not
find this design useful by itself, rather it was more confusing especially when managing false positives. The authors did
not have time to test the different visual marker designs in combination with each other, but it is speculated that this
would improve usefulness. Following these practices will be essential to ensure that the interfaces accommodate the

challenges faced by real SAR operators.

2.2.1 Alert Placement. An important part of a multi-drone SAR system is to design how the alerts should appear to a
user. In [11], domain experts suggest having a static bar at the top of the screen that flashes red whenever a drone has
detected something. However, it is not immediately obvious how such an implementation would scale as drone numbers
and alert pop-up frequency increase. Miiller et al. study the relation between desktop visual importance and notification
noticeability and discuss how notification placement with respect to the visual importance of the background can allow
for more freedom of notification design without sacrificing noticeability. They also suggest that by taking user attention
into account the quality of notification placement can be increased, which has a significant impact on noticeability [26].
Different kinds of notification types are studied in [40]. They find that notifications generally have a positive effect on
player performance and that having icons in notifications is the most effective in getting the player’s attention. Based
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on these findings, drone swarm SAR interfaces should ideally place notifications near their corresponding drone as this

will be the most visually important place on the map.

2.2.2  Alert Fatigue Mitigation. Depending on the sensitivity of the object detection algorithm, there is a risk of having
a substantial amount of alerts appearing within a short time frame. Overly frequent or excessive use of alerts can lead to
alert fatigue, which in turn can cause users to miss critical information [23]. Approaches for mitigating the occurrence
of alert fatigue in medical scenarios are presented in [23]. These include clustering of alerts, checking for false positive
alerts, adjusting alert design based on their severity, and delaying non-critical alerts. The authors of [24] explore the
effects of notification intensity scaling on highly physical task performance. They find that, in some cases, more intense
and obtrusive notifications do succeed in improving task performance. In the case of object detections from a drone
swarm, it might be unwise to suppress or delay alerts, however, adjusting their design is one of the techniques that will

be explored.

2.3 Human-Al Collaboration

Making use of Al disciplines like computer vision to enable fast detection of people and objects, path planning algorithms
to cover an area quickly, or explainable Al to allow for better comprehension of Al decisions could markedly improve the
effectiveness of SAR teams. Domain experts have expressed that a SAR drone swarm system would need to incorporate
Al detection software if it is to really be useful for them [11, 17]. Uncertainties regarding the intrusiveness of the

software among many other things are however still prevalent.

2.3.1 Computer Vision. Given the success that computer vision applications have had in areas such as video surveillance
[8] and aerial imagery [4], it is no surprise that the potential benefits of its inclusion in drone-based SAR applications
are being explored. Sambolek and Kos investigate the reliability of state-of-the-art detectors in SAR situations [30].
Initial tests show that the YOLOv4 model performs best in terms of detection speed and accuracy. After performing
further tests of YOLOvV4 on a self-made image dataset of people in SAR situations they find that on average 6% of
detections are false positives. They argue that this is acceptable since the most important thing when searching for
a missing person is that the detector locates that person, and it is less important how accurate it is. Because of the
time-sensitive nature of many SAR missions, there exists a trade-off between speed (possible at high altitudes), and
detection capabilities (better at low altitudes). In a maritime SAR setting, this relationship is studied by Qingqing et al.
in [27]. Results indicate that the proportion of false negatives (instances where the algorithm fails to detect a person
when it should) remains low even at high altitudes, but there is a significant drop-off in accuracy at around 100 meters.
It is however not guaranteed that there will be the same low proportion of false negatives for land-based detections,
and studies such as ours that target land-based SAR should not expect these results to be reflected. We also recognize
that computer vision algorithms for SAR must never miss a person even if that causes a high number of false positive
detections to occur. Lastly, we point out that, while great strides have been made to merge computer vision with SAR

drones, there is a distinct lack of knowledge on how to present the output of that system to a human operator.

2.3.2  Explainable Al. Deep learning models, such as image classifiers, are generally considered black boxes, as their

complexity makes it inherently difficult to understand what makes them arrive at their predictions, and a demand

for more transparency is increasing [2, 7, 14]. At its core, eXplainable Artificial Intelligence (XAI) is about enhancing

transparency and understandability by uncovering and presenting these otherwise hidden learned predictors [7, 31].

The following formal definition of XAl is given by Barredo et al. in [7]: "Given an audience, an explainable Artificial
4
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Intelligence is one that produces details or reasons to make its functioning clear or easy to understand". This definition
highlights understandability and clarity as the central purpose of XAI while also implying that different audiences can
have different XAI needs, without making claims about what exact shape the details or reasons take.

Robot explanations and their impact on the effectiveness of human-robot teams are researched by Ezenyilimba
et al. [13]. They seek to identify useful levels of robot transparency and robot explanations. Context-driven and
readily available robot explanations are found to be a driving factor in effective human-robot teams. Additionally,
both transparency and explanations were found to improve trust in the robot [13]. In [29], Rader et al. study the
relationship between explanations and algorithmic transparency, viewing transparency as a way of preventing negative
effects of complex algorithmic decision-making systems. They differentiate between How and Why explanations. How
explanations provide information about how a system produces a certain output. Why explanations provide justifications
for the output of a system, without providing any visibility into how the system works. Results show that some positive
effects of transparency are often due to brief, easy-to-read explanations.

Al explanations have recently been used to reduce cognitive load [1, 20], and to improve usability in terms of
the principles of transparency [29] and control [18], studied by including or excluding explanations. Ambiguities do
however exist around the effects of the technique. A meta-analysis by Schemmer et al. finds no significant difference
between Al-assisted and XAl-assisted performance throughout the literature [33], which indicates that it is not a
“one-size fits all” method, but that it is more context-dependent. The authors of [37] study the behavior and experience of
clinical professionals responding to annotated colonoscopy videos. Results show that Al recommendations significantly
slow down decision making. Zhang et al. study the effect on the overall performance of showing confidence and local
explanation in Al predictions. Results show that confidence information can improve trust calibration in Al-assisted
decision making, however, it had little effect on decision outcomes [41]. For SAR purposes, explanations should therefore
aim to be brief, context driven, and easy-to-read, while also providing a level of detail that improves SAR personnel’s

understanding of why the Al made an alert appear.

3 RESEARCH PROBLEM

Much recent work has investigated control methods for operation of SAR drone swarms [9, 11, 16, 34]. There has
also been much focus on how to better support collaboration between humans and Al in decision-making systems
[10, 13, 37, 41]. However, research on the next step of fusing AI with SAR drone swarms and their operators, and
the associated challenges regarding cognitive overload and trust issues [11], is lacking. That fusion can be divided
into three parts that are all accomplished with the help of computer vision: object detection, object recognition, and
object tracking. Figure 1 shows an example of a typical object detection and recognition. While object tracking is very
important in contexts such as autonomous driving [5], it is not well understood what role it will play in SAR. Object
detection and object recognition, however, are already known to be essential and a way for an operator to interface

with them is through alerts.
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Fig. 1. Detection and recognition of a human by an Al. The red bounding box represents the detection, and the text "human 97%"
represents the recognition. The percentage conveys how confident the Al was in its recognition.

To mitigate cognitive overload, and ultimately improve performance, we postulate that an Al-based detection alert
system for SAR drone swarms must employ the use of explanations and specialized alert design. Due to the time-
sensitive nature of many SAR missions and the potentially life-critical consequences of failing to notice a missing
person, performance in this paper consists of speed and accuracy. However, the two are not equally important, and
missing critical information is considered much more severe than taking a long time to respond. We, therefore, ask the
question: How can explanations be designed to mitigate cognitive overload and improve the performance of

SAR personnel responding to Al-generated alerts?

To answer this question, we will design alerts with and without explanations, for SAR drone swarms, and evaluate
their effectiveness with domain professionals. The intent of the study will primarily be to understand the impact of
explanations on performance and user preference under high and low cognitive load. We also wish to gain insight
into any habits, strategies, or patterns that domain professionals might consciously or subconsciously follow when
responding to alerts. At a meeting with one of the officers in charge at DEMA, we were told that SAR drone operators
have no defined guidelines for when to inspect an object further, and they are often encouraged to follow their intuition.

We put forth the following hypotheses:

(H1) Because SAR drone operators don’t follow common guidelines, we hypothesise that for many alerts, both with
and without explanations, there will be high variation in the response choices.

(H2) Based on the findings of [13] and [37], we hypothesise that explanations will slow down decision-making time,
but will increase response accuracy.

(H3) Based on the findings of [1] and [20], we hypothesise that perceived workload will be lower when explanations
are included.

(H4) We hypothesise that explanations will make participants follow common strategies based on the Al confidence,

when deciding which alert to respond to next.

4 STUDY DESIGN

In order to study the effectiveness of providing explanations we recruited domain professionals to take part in an

online study, in which they were asked to respond to Al-generated image detection alerts from drones under different
6
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conditions with 2 independent variables: cognitive load and detail of explanations. The study is conducted as a 2x2

within subjects design, an overview of which can be seen in Table 1.

Without explanations With explanations
High cognitive load HiLoadNoXAI HiLoadWithXAI
Low cognitive load LoLoadNoXAI LoLoadWithXAI

Table 1. The independent variables of the study include the detail of explanations and the level of cognitive load.

To regulate high and low cognitive load we varied the number of alerts that are shown per minute. These numbers
are 6 for low cognitive load and 14 for high CL. The values were found through testing with two colleagues. Low
cognitive load was determined to be present when all alerts could comfortably be responded to within the two and a
half minute time span. High cognitive load was determined to be induced when there were still a considerable amount

of unopened alerts left after two and a half minutes.

4.1 Participants

Data collection took place from May 11-26, 2023. 13 people, all living in Denmark, registered for the study, and of
those, 8 participants (8 male, 0 female) finished all tasks. Participant age spanned between the ages of 26 and 64 years
old (mean=39.4, SD=11.1). 5 participants were recruited from DEMA, 1 was recruited from the SAR drone specialist
company Robotto, 2 were recruited from a social network group for professional drone pilots. Participant experience
with SAR ranged from 0 to 26 years (mean=7, SD=7.76), and experience with drones ranged from 2 to 10 years (mean=5.6,

SD=2.78). None of the participants reported any issues with understanding the system or tasks they were given.

4.2 Alert Design Rationale

When developing the design of an alert it was important for us to specialize it towards the SAR setting and make an

attempt to address the challenges that we know exist there. We used the following principles to guide design of alerts:

o Task dedication. Related research has shown that currently, the SAR drone swarm operators who keep track of
the drones and the ones who look at video feeds experience a high level of mental workload from those tasks
alone [11]. For that reason, the alert design would revolve around having a designated alert handler role separate
from the one that controls the drone swarm. Alerts were then free to take up as much space and attention as
necessary, and therefore the alerts we used take up the entire screen, as also suggested in [3] and [11].

o A time-sensitive task. Due to the time-sensitive nature of the task, it was important to design alerts with that in
mind. Thus the explanations that we used were meant to be brief and easy to read, which has been shown to also

have a positive effect on transparency [29].

o

Context captured by placement. To provide more awareness and a greater sense of realism we wanted alerts to be
placed by the drone that made the detection and we wanted the detection image to match its location on the
map. Placing alerts near visually important areas has also been shown to improve noticeability [26].

7
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o

Information at each level. We wanted to give alert handlers the opportunity to make informed decisions about the
response choice as well as the process of selecting alerts. Inspired by [23] and the idea of adjusting alert design
based on their severity, we provide a preview on the map of the information that is contained at the full-screen

level of an alert.

o

Easy access to mission objective. While using mental effort on deciding how to respond to alerts, alert handlers
may experience the situation awareness demon of memory overload [3], and forget the details of the person they

are looking for. For this reason, we included the missing person description on every alert.

o

Inspiration from ATC practices. By using design practices from fields that share some of the operator demands of
drone swarm SAR it could help to mitigate the challenges that they share. Therefore we developed a design that
drew visual attention to important areas [19], encoded alerts with information about what caused them [21], and

self-reported its own confidence [38].

4.3 The Alert System

In order to make it easier for domain professionals from all over Denmark to participate, we implemented an alert
system as part of an online website from where the entire study would be conducted. The language of the website is
Danish, but we will translate any content into English in this paper. All participants used the system on their own
laptop or desktop.

Each condition contains five simulated drones searching an area. All five drones start from roughly the same spot
and continue to move throughout the session, covering approximately 800m each. Each drone path is a manually drawn
linestring that is made to look like it follows areas of interest (e.g. treelines, streams, and lakeshores) to provide more
psychological realism. To simulate a drone flying, the linestring is drawn at roughly five meters per second, which
we know from our contacts at DEMA is reasonable (during real SAR missions, drone speed depends on altitude, but
altitude is not simulated in this system). The head of the linestring is therefore meant to represent the drone. The tail of
the linestring remains drawn and serves to represent the trail that the drone has already flown. Figure 2 shows what a

single drone and its path look like.

o
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Fig. 2. Asingle trace from a drone. The path is being drawn from right to left.

At any given moment an alert pin may appear at the head of the path. Alerts appear randomly rather than at set
intervals, but they are distributed along the full length of each path. The alert pin can be clicked to reveal an alert page,
which contains an image of the detection that caused the alert, a red bounding box around the object that was detected,
as well as a sidebar on the left. This sidebar is where the two buttons for responding to the alert are located, as well as

an itemized description of the missing person, based on the principle of Easy access to mission objective. For the two
8
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conditions that include explanations, the sidebar is where they will be presented. Those explanations are: the type of
object that has been detected (Human, Clothing, or Trash), a percentage projecting how confident the Al is that the
object is of the displayed type and a list of the colors that make up the object. These three explanations were chosen
and designed based on the design principles of Inspiration from ATC practices and A time-sensitive task. The confidence
scores range from 50% to 99%. Additionally, based on the design principle of Information at each level, if explanations
are included, the alert pins that appear on the map will be shaded based on the AI confidence of each alert. An example
of alert pins and an alert page for a condition that includes explanations can be seen in Figure 3. All explanations as
well as the red bounding boxes were set manually by one of the researchers and then subsequently checked by the

other, where any disagreements were discussed and adapted.

Map

MARK FOR INSPECTION
. IGNORE

Fig. 3. The map (left) displays the paths of the drones along with the corresponding alert pins. The confidence levels of the alert
pins are indicated by a varying degree of red. The alert page (right) shows the information panel and the detection image. In the
information panel the missing person information is at the top, the Al explanations are in the middle, and the two buttons that are
used to respond, are at the bottom.

One challenge we faced when designing the alerts was what to call the two response options. Initially, they were
called Acknowledge and Dismiss, but internal pilot studies revealed that those labels made users have a tendency to
respond based on how closely the explanations matched the detection picture. Consequently, they were renamed to
Mark for Inspection and Ignore, and more space was dedicated to explaining their function and the impact that
choosing either would have on other SAR resources. Each study condition is in a different location on the map, but
they all include roughly the same proportion of the natural features that were used to categorize the images. Those
categories are field, stream, lake, and forest. Figure 4 shows an example of each image category that was used in the
study. In total, 142 unique images were used; 100 images for the conditions and 42 images for familiarization with the
system.

All images were taken at a resolution of at least 1920x1080, but each of them was later cropped to make the red
bounding box sit closer to the center and be noticeable. The average resolution of all used images is 570x380, the
condition LoLoadWithXATI has the lowest average image resolution at 501x334, and the condition LoLoadWithoutXAI
has the highest average at 612x408. All images were taken in typical Danish nature settings in the north of Jutland, but
not in the exact locations of the study conditions. However, they were manually assigned to each alert and made to
roughly match the alert’s location on the map. All images are unique. Some images are similar and of the same object,
but those are taken from different angles and often mirrored or rotated to make them less recognizable. Mirroring and

rotating could easily be done without making images look strange. This is because most of them were taken with a
9
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Field Forest Lake Stream

Fig. 4. Images from the four categories of natural features used as backdrop for detections.

near vertical top down view, a common practice in drone SAR literature [25, 34], and also how the operators at DEMA
angle the drone camera during sweeping searches. To avoid one condition’s detection images being significantly more
difficult to respond to than others, we selected each set of images from the same superset. We used clothing, trash,
and humans as the objects of detection. Some detection images were staged to be of obvious non-missing people and
obvious false detections. These alerts were intended to be easy to respond Ignore to, and they were made to simulate
the inaccuracies of real Al detection algorithms. Three examples of detections that were considered easy to respond to
can be seen in Figure 5. Of the 100 images used for the four conditions, 24 were made to be easy, and of those, 10 were
deliberate false detections, which is three more than the false positive ratio of state-of-the-art person detector YOLOv4

for images of nearly the same resolution [30].

a. Non-missing person b. False detection ¢. Non-missing person

Fig. 5. Three alerts that are considered easy to respond to, given that the missing person description involves a man wearing all black
clothes. The detection in image a. is of a jogger, b. is of a tree trunk, and c. is of a person standing by their car.

In order to measure the response error rate, each alert is associated with a ground truth. Because of the fact that
for many alerts it can be difficult to see what exactly an object is from the image alone, and because operators are
encouraged to follow their intuition, there are many alerts where strong cases could be made for both response options.
Therefore ground truths are labeled either Mark for Inspection, Ignore, or Ambiguous. All ground truths were manually
set by the researchers. This was done by first having both researchers independently note down their favoured ground
truth for each alert, based on the guidelines that participants were shown. Then, for the alerts where the two researchers
agreed, the agreed ground truth was assigned. Where there were disagreements the ground truth was labeled as
Ambiguous. Figure 6 shows a missing person description and an image for each of the three ground truths and gives an
explanation for why each image was given the particular ground truth. Of the 100 images used for the four conditions,
28 were assigned the ground truth Mark for Inspection, 36 were assigned Ignore, and 36 were assigned Ambiguous.

Having a relatively lower proportion of “correct” images was chosen because the most important thing when searching
10
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for a missing person is that the algorithm locates that person, and it is less important how accurate it is. [30]. Therefore

we expect such algorithms to make more detections that can be ignored than must be inspected.

25 year old male
175cm tall
Short dark hair
Blue shirt

Grey pants

Blue shoes

a. Missing person description b. Mark for inspection

c. Ignore

d. Ambiguous

Fig. 6. The three types of ground truth, given only the missing person description in sub-figure a. Image b. is labeled Mark for
Inspection because there is a close color match between the object and the missing person description. Image c. is labeled Ignore
because there is no close match in the colors, and because it is clearly a random object. Image c. is labeled ambiguous because even
though there is no direct match in the colors, it is not certain that the object is not related to the missing person.

4.4 Procedure

Each participant conducted the study online on their own laptop or desktop, without any of the researchers present.
The total completion time was estimated at around 30 minutes, but participants were given as much time as they needed
to read descriptions and instructions. They were expected to take this during their normal working hours, but it was
not presented as a formal requirement.

Participants received a study invitation via email and clicked on a link that directed them to the study website. The
website contained five core parts in sequence: registration, study introduction, familiarization, tasks, and post-study
questions. Participants were first informed about what type of equipment was recommended in order to take part in
the study. They were instructed to use either Google Chrome or Mozilla Firefox, the use of a mouse was requested, and
a screen scaling of more than 125% was prohibited. Participants were also instructed to connect their power supply
if they were using a laptop and finally, they were instructed not to use a phone or a tablet, only a laptop or desktop.
Following this, they were presented with a consent form, and after accepting to take part in the study they could register.
Participants had to enter their age, gender, drone experience, SAR experience, and participant category to move on. For
the participant category, they could choose one of the following options: SAR professional (DEMA), Professional drone
developer (Robotto), Volunteer investigator, and Professional drone pilot (Facebook group).

Next, participants read a short introduction to the purpose of the study and the steps that they would go through from

start to finish. It is worth noting that high and low cognitive load was never explicitly mentioned. Rather, participants
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were only told that they would be experiencing varying levels of difficulty. On the next page, they were given a
brief explanation of the alert system including how drones are represented and what alerts look like. The text was
accompanied by a GIF that showed a couple of seconds of drone flight until an alert pin appears, at which point a
cursor presses the alert to make an alert page containing a detection image appear. After that, they saw a figure of the
general layout of an alert page, as well as some descriptive text. Next, participants were given a thorough explanation
of the two response options, where their differences and the consequences of pressing either one were emphasized. For
example, pressing Mark for Inspection meant that SAR colleagues are asked to go take a look at the location of the alert,
and that can mean that resources may be taken away from other tasks. On this page, they were also provided a few
examples of when to definitely choose either response option. In the final step of the introduction, they were provided
instructions on the task they would be asked to perform. They were told that they would take on the role of the alert
handler and that it was their responsibility to observe the map and respond to any alerts that appeared. They were also
asked to try to respond as fast and accurately as possible due to the time-sensitive nature of SAR missions.

After the introduction and task description, participants needed to familiarize themselves with the system. They were
given two demos, one with explanations and one without. The order of the demos were switched for each participant.
Before they got started with each, they read a short description of the content of alerts in the specific demo, as well
as a reiteration of what to focus on. After having responded to five alerts they could proceed, or they could stay and
respond to more alerts if they did not feel ready to move on.

Next, participants would perform the task for each of the four conditions. The ordering of the four conditions
followed a balanced latin square. Before each condition, participants again read a short description of what the response
options entailed, as well as what they should base their response on. They were also presented with a list describing the
missing person they were looking for. The list contained: age and gender, height, color and length of hair, and color
of shirt, pants, and shoes. Once participants pressed “Start test”, they had two minutes and thirty seconds to respond
to alerts. When an alert had been responded to it remained on the map and was given an icon that indicated what
response was chosen. At any time, participants could re-open an alert and change their response. When the time ran
out, or when they had responded to every alert, a prompt appeared that took them to a post-condition evaluation.
First, they used NASA-TLX to assess their own experience, and then they were asked to evaluate perceived usefulness
using a five-point Likert scale. Then, participants moved on to the next condition, where they read the same short task
description to remind them what their task was. The missing person description, as well as the map location, changed
for each condition. Finally, after participants had been through all four conditions, they were asked to choose which
alert design they preferred, as well as encouraged to provide comments on why they had that preference and if they

had suggestions for improvements.

4.5 Measures

During the study, we collected four objective measures: response variation, alert response time, response error rate, and
alert selection order. To measure response variation and response error, each time a participant made a response we
logged the choice that was made together with the alert that it belonged to. On that same data entry we logged the time
when the alert was selected and the time when a response button was pressed, this time interval gave us the response
time for each alert that a participant answered. Logging the selection time also gave us the data we needed to analyse
the order in which a participant selected each alert.

We also collected data on three self-reported subjective measures: perceived workload, perceived usefulness and design

preference. After each condition, participants assessed their perceived workload using NASA-TLX. Two modifications
12



Explainable Alerts for Drone Swarm-based Search and Rescue: How Information Detail Impacts Performance AAU’23, 2023, Aalborg, Denmark

were made: we excluded the subscale regarding Physical demand, and we eliminated the weighting process in order to
limit the overall study length. Both of these are common modifications made to NASA-TLX [15]. After each NASA-TLX
assessment, we used a five-point Likert scale to evaluate the perceived usefulness of the alert design from a set of three
to five condition-specific statements, inspired by the Technology Acceptance Model (TAM) [12]. These statements can
be seen in Table 2. The study ended with a forced-choice question regarding which alert design was preferred, and two

comment boxes for explaining the preference and suggesting improvements.

Explanations [ Statement ‘

With The supporting information helped me understand why an alert was triggered.

With I found the supporting information useful when responding to an alert.

With Knowledge of the algorithm’s confidence helped me decide what to respond.

With Knowledge of the type of object the algorithm had detected helped me decide what to
respond.

With Knowledge of the colors of the object the algorithm had detected helped me decide
what to respond.

Without The red box was helpful for me when responding to an alert.

Without It was helpful to see the person description on each alert.

Without The image and the red box were sufficient to let me respond to an alert with confidence.

Table 2. Statements used to evaluate perceived usefulness of the alert design. The "With” statements were presented after the
conditions LoLoadWithXAl and HiLoadWithXAl. The "Without” statements were presented after the conditions LoLoadWithoutXAl
and HiLoadWithoutXAl.

5 RESULTS

To determine the effects of including alert explanations, we set out to measure alert response variation, alert response
time, alert response error rate, perceived workload, perceived usefulness, alert design preference, and alert selection
patterns. We collected 677 data points in total. Aggregating the data for each participant gave us 32 evaluations
considering that each of the 8 participants interacted with all four combinations of cognitive load levels and explanation
details

Only one participant managed to respond to all 100 alerts. The participant with fewest alert responses had 37 and
the average for all participants was 84.38 (SD = 18.8). Table 3 shows a more detailed overview of each condition, which
further indicates that participants managed to respond to a high number of the available alerts. One participant who
responded to less than half of the average stood out from the rest. In fact, the values of the Minimum column all equal

that participant’s response counts. The overall high number of responses was surprising and contrasted internal pilot

testings.
Condition Total alerts | Avg. response count | Minimum | Maximum
LoLoadWithXAI 15 13.62 6 15
LoLoadNoXAI 15 13.62 5 15
HiLoadWithXAI 35 30.25 16 35
HiLoadNoXAI 35 26.88 10 35

Table 3. Alert response count for each condition.
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Participants were generally very critical of the alerts that they saw. Table 4 shows, for all data points, that on average
22.6% of alerts were marked for inspection, and 77.4% (SD = 11.25) were ignored. The average percentage of alerts that
were marked for inspection is slightly lower than the percentage of alerts with ground truth Mark for Inspection (28%).
This could mean that participants were naturally very critical in their assessments, or it could have stemmed from the
described consequences of choosing Mark for Inspection. This is also evident when looking at the Ambiguous column,

which shows that 88% of alerts labeled as ambiguous were ignored.

G d truth
roundfru Ambiguous | Mark for Inspection | Ignore | Total average
Response
Mark for Inspection 12% 52.24% 7.96% 22.6%
Ignore 88% 47.76% 92.04% 77.4%

Table 4. Alert response distribution for each ground truth and in total.

5.1 Response Variation

Knowing when to investigate something further is a learned practice that takes experience and tacit knowledge.
Therefore we wanted to measure variations in alert responses to understand whether explanations made participants
agree more or less. We define an alert with high variation in its responses as one which has an agreement percentage of
less than 70%. In order to avoid making generalizations from alerts that only have one or two responses, this section

only considers alerts with three or more responses. Out of the 100 total alerts, 98 had three or more responses.

Agreement (%) | LoLoadWithXAI | LoLoadNoXAI | HiLoadWithXAI | HiLoadNoXAI | Total
[90,100) 5 7 17 18 47
[80,90) 5 4 6 7 22
[70,80) 2 1 6 3 12
[60,70) 0 2 3 3 8
[50,60) 3 1 3 2 9

Table 5. Number of alerts with a given response agreement percentage for alerts with three or more responses. An alert with e.g. 90%
agreement is one where 90% of the participants that responded to it made the same choice.

In Table 5 it can be seen that participants generally agreed on a large set of alerts. 69 of the alerts had an agreement
rate of 80% or more and only 17 alerts fall under the definition of high variation. The general tendency to ignore alerts,
as shown in Table 4, was surprising and may also have cascaded down through the variation in responses, causing

much agreement in the way that participants respond to alerts regardless of explanation detail, thus rejecting H1.

5.2 Performance

In order to understand the effect that cognitive load and explanation details have on participant performance we
collected the time it took for participants to respond to each alert and the response that they gave each alert. For each
condition, we measured participants’ performance by two indicators:
1) Alert Response Time, the average time it took to respond to an alert. In cases where a participant opened the same
alert multiple times, the response time was an aggregation of the time that the alert was open.
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2) Response Error Rate, the percentage of alerts with ground truth Mark for Inspection or Ignore where the response
does not match the ground truth. Making errors on alerts where the ground truth is Mark for Inspection (a false negative)
can be severely more consequential than the opposite case. We therefore present the error rate of Mark for Inspection
and Ignore separately. The main difference between the two indicators is that, generally, the consequences of taking
longer to respond are less severe than the consequences of making a false negative response. Therefore, we consider

the response error rate to be more impactful on performance than alert response time.
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Fig. 7. Alert response times, measured as the average for each participant, across cognitive load and explanation detail. The dots
indicate potential outliers.

‘ Independent variable level ‘ Mean SD ‘ Diff. ‘ P ‘
Alert response time under high cognitive load | 3210.099 | 271.330 | -1125.492 | .002
Alert response time under low cognitive load | 4335.591 | 366.206
Alert response time with explanations 3712.867 | 222.089 | -119.955 | .738
Alert response time without explanations 3832.822 | 434.572

Table 6. Table of means of alert response times showing the differences between the two levels of the two independent variables.

5.2.1  Alert Response Time. Figure 7 shows average alert response time across the cognitive load and explanation detail
factors. A two-way repeated measures ANOVA was conducted to compare the average alert response time of the four
combinations of cognitive load level and explanation detail. Analysis of the studentized residuals showed that there was
normality, as assessed by the Shapiro-Wilk test of normality and no outliers, as assessed by no studentized residuals
greater than + 3 standard deviations. Sphericity always holds for factors with only two levels. The results revealed
a significant main effect of cognitive load on average alert response time (F(1,7) = 22.048, p = .002), but there was
no significant main effect of explanation detail on average alert response time (F(1,7) = .122, p = .738). There was no

statistically significant two-way interaction between cognitive load and explanation detail (F(1,7) = 4,774, p = .065).
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Pairwise comparisons using Bonferroni adjustment revealed that the mean alert response time for the high cognitive
load level (M = 3210.09ms, SD = 271.330) was lower compared to the low cognitive load level (M = 4335.591ms, SD =
366.206), p = .002. Table 6 shows that the difference between including or excluding explanations had a non-significant

effect on alert response time.

LoLoadWithXAl LoLoadNoXAl HiLoadWithXAl HiLoadNoXAl
90

80

70

Error rate (%)

10 i
o]

Ignore Inspection Ignore Inspection Ignore Inspection Ignore Inspection
error error error error error error error error

Fig. 8. Response error rate, measured for all participants as the percentage of responses that don’t align with the ground truth, for
each condition. Dots indicate potential outliers.

Independent variable level [ Mean [ SD [ Diff. [ P ‘

Response error rate under high cognitive load | 6.424 | .859 | 1.410 | .103
Response error rate under low cognitive load | 5.014 | .963
Response error rate with explanations 6.636 | .836 | 1.835 | .52
Response error rate without explanations 4.801 | .995

Table 7. Table of means of the square root of Mark for Inspection error rate showing the differences between the two levels of the two
independent variables.

5.2.2 Response Error Rate. Figure 8 shows response error rate for both Mark for Inspection and Ignore across the
cognitive load and explanation detail factors. An Ignore error means that a participant responded Mark for Inspection on
an alert with ground truth Ignore, and vice versa.

A two-way repeated measures ANOVA with square root transformation to correct for non-normality was conducted
to compare Mark for Inspection error rate for the four combinations of cognitive load level and explanation detail.
Analysis of the studentized residuals showed that there was normality, as assessed by the Shapiro-Wilk test of normality,
and no outliers, as assessed by no studentized residuals greater than + 3 standard deviations. The results showed no
significant main effect of cognitive load on Mark for Inspection error rate (F(1,7) = 3.510, p = .103). There was also no

significant interaction effect between cognitive load and explanation detail (F(1,7) = .225, p = .650). While the main
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effect of explanation detail on Mark for Inspection error rate (F(1,7) = 5.483, p = .052) didn’t reach significance, at p = 0.52
it is extremely close, so we performed the pairwise comparisons with Bonferroni adjustments. These revealed a higher
mean square root of Mark for Inspection error rate when explanations were included (M = 6.636, SD = .836) compared to
when explanations were excluded (M = 4.801, SD = .995), p = .052. Table 7 shows that the difference between high and
low cognitive load had a non-significant effect on Mark for Inspection error rate. The fact that including explanations
had no significant effect on alert response time, and possibly a negative effect on accuracy is puzzling, and it rejects H2.

Table 8 shows the Ignore error rate for each participant between the four conditions. Looking at participant 7 we
see that they are the only one to make at least one Ignore error on each of the four conditions. This could indicate
that, compared to many other participants, they were more cautious of not ignoring an alert that could have led to the

missing person.
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Participant | LoLoadWithXAI | LoLoadNoXAI | HiLoadWithXAI | HiLoadNoXAI
1 .00 20.0 7.14 .00
2 .00 20.0 .00 .00
3 .00 20.0 .00 .00
4 .00 .0 7.14 .00
5 .00 20.0 14.29 21.43
6 .00 .0 .00 .00
7 33.33 20.0 7.14 7.14
8 .00 20.0 14.29 .00

Table 8. Ignore error rate of each participant for each of the four conditions.
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Fig. 9. Relationship between the average alert response time and the combined response error rate. (A) shows the non-transformed
relationship. (B) shows the relationship when the response error rate has been log transformed.

5.2.3 Correlation between Performance Indicators. We wanted to evaluate whether there existed a correlation between
the average alert response time and the overall response error rate, as we expected participants who took more time to
respond to also make fewer errors. Two common methods for doing this are Pearson’s correlation and Spearman’s
correlation. One of the assumptions of Pearson’s correlation is that there exists a linear relationship between the two
variables that are being evaluated. Figure 9 (A) shows the relationship between average alert response time and response
error rate. It shows the relationship to be more clustered than linear. Instead of a linear relationship, Spearman’s

correlation assumes a monotonic relationship to exist, but as Figure 9 (A) shows, this also does not appear to have been
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the case. In these cases it is recommended to try transforming either one, or both, of the variables. Figure 9 (B) shows
the relationship between the average alert response time and the log transformed response error rate. This shows more
characteristics of a linear relationship. However, another assumption of Pearson’s correlation is the non-existence
of significant outliers, and Figure 9 (B) indicates that there are a couple, for example the two with a response error
rate of zero. It is possible to remove these and carry on with the analysis, but in this case an error rate of zero is more
indicative of good performance than anomalous data, so we do not proceed. Therefore we conclude, from the data that
was collected during our study, that we cannot with confidence say whether or not there is a correlation between the

two performance indicators.

5.3 Subjective Reports

In order to shine a light on some conscious aspects of the participants’ experience, we collected two types of subjective
data: Perceived Workload using NASA-TLX and Perceived Usefulness using the TAM inspired statements. At the very
end we also prompted participants to choose their preferred design between the one with explanations and the one

without.

100 Low cognitive load High cognitive load

80

60

40

NASA-TLX rating

20

Without explanation With explanation Without explanation With explanation

Fig. 10. Perceived workload from NASA-TLX assessment, across cognitive load and explanation detail.

5.3.1 Perceived Workload. Figure 10 shows the perceived workload across the cognitive load and explanation detail
factors. A two-way repeated measures ANOVA was conducted to compare perceived workload for the four combinations
of cognitive load level and explanation detail. Analysis of the studentized residuals showed that there was normality,
as assessed by the Shapiro-Wilk test of normality and no outliers, as assessed by no studentized residuals greater
than + 3 standard deviations. The results revealed a significant main effect of cognitive load on perceived workload
(F(1,7) = 26.082, p = .001), but no significant main effect of explanation detail on perceived workload (F(1,7) = 4.857,

p = .063) was found, rejecting H3. There was also no statistically significant two-way interaction between cognitive
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load and explanation detail (F(1,7) = .625, p = .455). Pairwise comparisons using Bonferroni adjustment revealed that
the mean perceived workload for the high cognitive load level (M = 57.750, SD = 8.076) was higher compared to the
low cognitive load level (M = 44.938, SD = 6.601), p = .001. Table 9 shows that the difference between including and
excluding explanations had a non-significant effect on perceived workload. This result is not surprising, as cognitive
load and perceived workload are practically the same. Nonetheless, it confirms that the definition of high and low

cognitive load that we used did in fact succeed at inducing significantly different cognitive load levels.

| Independent variable level | Mean | SD | Diff. [p |
Perceived workload under high cognitive load | 57.750 | 8.076 | 12.812 | .001
Perceived workload under low cognitive load | 44.938 | 6.601
Perceived workload with explanations 48.500 | 7.279 | -5.688 | .063
Perceived workload without explanations 54.188 | 7.482

Table 9. Table of means of perceived workload showing the differences between the two levels of the two independent variables.

5.3.2  Perceived Usefulness. Where the NASA-TLX workload assessment was well suited for comparing designs across
explanation detail, the perceived usefulness statements let us compare explanation detail across cognitive load levels. It

also provided a look at the general sentiment of the usefulness of the two designs.

The supporting information helped me understand | found the supporting information useful Knowledge of the algorithm's confidence
why an alert was triggered when responding to an alert helped me decide what to respond
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Fig. 11. Likert ratings of the perceived usefulness statements regarding the alert design with explanations. CL = cognitive load.

Figure 11 shows the resulting Likert rating of all five statements that were presented after the two conditions with

explanations. It can be seen that the general sentiment of having supporting information available was quite positive (B).
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More specifically, the results indicated that algorithm confidence level was the most useful (C), followed by the object
colors (E), ending with the type of object that was detected (D), although no participant disagreed with the usefulness
of any of the explanations. The ability of the explanations to help participants understand why an alert appeared was
also quite good (A), with at least six participants agreeing under high and low cognitive load. Overall the results did not
indicate that cognitive load levels have a meaningful impact on the usefulness of having explanations available.
Figure 12 shows the resulting Likert rating of two of the statements that were presented after the two conditions
without explanations. The results indicated that having the missing person description presented on each alert was
helpful to all participants (A). Interestingly, participants felt that they were generally able to confidently respond
to alerts using just the alert image and the bounding box (B). As was the case for the conditions with explanations,
cognitive load did not seem to have a meaningful impact on the perceived usefulness of the basic alert features.

The image and the red box were sufficient
It was helpful to see the person description on each alert to let me respond to an alert with confidence
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Fig. 12. Likert ratings of the perceived usefulness statements regarding the alert design without explanations. CL = cognitive load.

5.3.3 Design preference. At the end of the study, we collected each participant’s preference regarding the alert design
with or without explanations. Results showed that all participants preferred the design with explanations, even though
the results showed no indication of it significantly improving their performance. This preference could be attributed to

participants wanting the explanations there as a "nice to have" tool.

5.4 Alert Selection Patterns

To evaluate H4, we collected data on the order that alerts were selected for each participant, which we compared
to the order that alerts appeared. As confidence was represented on the alert pins based on confidence intervals,
the participants only had three different icons to help them decide which alert to select next, rather than the actual
percentages. Therefore, we describe alert selection patterns based on the following three discrete values: low, mid, and
high confidence, corresponding to the alert icons on the map.

Figure 13 shows the individual participants answers for the HiLoadWithXAI condition in the order they were opened.
The y-axis represents each alert by their id, adjusted to the order they appeared, and the x-axis shows the sequence of
chosen alerts for each participant. The black line going straight from (1,1) to (35,35) shows the order of alert appearances.
Focusing on the points above this line, they seem to show that some participants have chosen an alert before it appeared
in the system. However alerts may be appearing at a higher rate than they are answered, which makes it possible for
a user to choose the 20th appearing alert as the 15th answer. The graph shows participant 1 and 6 having an almost

straight line, indicating that the they may have chosen alerts based on the order they appeared. Generally for the rest
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Fig. 13. Alert selection order for all participants. The red line passing through (3,4) represents that the third alert opened by participant
7, was the fourth alert to appear on the map.

of the participants, it seems they each have their own strategy when choosing alerts, a common pattern is visible in
the start, but as the task goes on they get more separated. Al confidence may have been a factor for the choices the

participants make when choosing an alert.
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Fig. 14. Alert selection order for each individual participant. The common grey line shows the confidence level of each alert in the
order they appeared on the map, e.g. the fifth alert to appear had a high confidence level. The colored lines represent the order in
which participants selected alerts and the selected alert’s confidence level. For example, the tenth alert participant 7 (red line) selected
had a low confidence level.
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Figure 14 shows each individual participants’ alert choice and its corresponding confidence level. The data does not
show a tendency to prioritize the selection of alerts based on the alert confidence level. There is also no indication
that alerts of similar confidence levels are selected together. However, since it was not possible to see which alerts
were available to participants at each selection, we can’t say with certainty that they intentionally didn’t follow a

prioritization. Therefore we only partially reject H4.

6 DISCUSSION

Promoting understandability and clarity is critical for supporting effective cooperation between a SAR operator and
an intelligent agent. This study investigated how explanations about the AI’s decision making affected participants’
performance and perception of usefulness under different cognitive load levels. Many of the study results were surprising

and we now further discuss these, their implications for future research, and the limitations of our work.

6.1 A Tendency for Critical Assessment of Alerts

The participants that took part in our online study showed a vastly different behavior to the one that we had expected.
They were fast enough to respond to the majority of alerts, they agreed on how to respond to many alerts, and they
chose to ignore on average more than 75% of the alerts they saw. This may not necessarily be bad behavior, but it is
surprising, and it might mean that there is a culture ingrained in the way that they are thinking. It could potentially
also be due to our emphasis on the consequences of choosing to Mark for Inspection, which may have trumped the fear
of failing to find a missing person. We also expected to see that if people took more time to respond they would be
more accurate. In some instances this was the case, and in many others, being fast did not negatively impact accuracy.
This might mean that there is a lot of diversity in participants’ skill levels and the way that they approach the task.
If researchers are to study more nuanced aspects of similar SAR systems, it would be beneficial to have consistency

across participants, so that everyone treats the alert in a systematic way that a study can be built around.

6.2 Explanations and Performance

The fact that none of our hypotheses were supported, further highlights the surprising nature of the findings. Specifically,
we were surprised by the inability of the explanations to show any positive impact on either response time, accuracy, or
perceived workload. These findings also contrast the findings in [1] and [20], but they support the work of Schemmer
et al. [33]. The fact that having explanations might even have lowered their accuracy is puzzling, since we effectively
provide the answer by giving information that can be matched to the missing person description. That could also have
an overall negative effect if users become so accustomed to just comparing words that they stop looking at the image,
practically nullifying their experience and judgement which is otherwise a big contribution to the human-AI team. It is
fully possible that the main potential of XAI in SAR systems is not as a direct improvement to performance, but an
indirect improvement to effectiveness of the team through trust calibration [41]. However, it is also entirely possible

that more carefully constructed explanations would show a desirable direct effect on performance.

6.3 Aligning Al Support and Human Expertise

The results from the statements that were presented after each condition and the forced choice feedback at the end
indicated that participants probably had different interpretations of how to use explanations. When prompted to choose
their preference between the alert design with explanations and the one without, all participants chose the one with

explanations. One participant commented: "It supports me better in my decision-making", and another commented: "Nice
22
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to see clearly what it thought it had found". One participants also commented: "Supplementary information is never
without importance", which suggests that they might not have utilized the explanations often, but they were nice to
have available in some cases.

The findings from the perceived usefulness statements showed that at least 6 participants found the image and
the bounding box sufficient to confidently respond to an alert, which could further indicate that explanations, while
useful, were not always necessary. However, this could also be attributed to the participants getting familiar with the
explanations and starting to rely heavily on the confidence percentage, a problem similar to attentional tunneling
[3, 19]. One participant commented: "I trust the Al probability score quite a lot", and another commented: "It helps to
make a quick decision if the text confirms what you see yourself". This was not the intended value of the Al confidence,
and it emphasises the importance of striving for trust calibration, rather than pure trust [13, 41]. What we actually
wanted to portray was how confident the Al was that it had detected a certain object, not how confident it was that
the object it had detected was related to the missing person. This concern is reinforced by the finding that confidence
percentage was the most useful, ahead of both object type and colors detected.

Instead of the raw confidence score that we used, a score that corresponds to how well the detection matches
the missing person description might be better suited. However, the risk of users neglecting their own experience
and judgement in favor of over-trusting the Al recommendation still arises. We see this balance as one of the major

challenges that similar SAR systems face when trying to partner an experienced operator with an intelligent agent.

Design implication Detailed description
Explanations for alerts need to be un- | Mental models are built on past experiences, which can cause them to be
ambiguous faulty in new environments [3]. Some participants used the Al confidence to

a greater extent than it was designed for, which is supported by the finding
that the most useful explanation was the confidence, and the comment: "I
rely quite a bit on the Al probability score". When using explanations that are
intended to support decision making, their meaning must be unmistakable.
The impact of each response action | The results of our study showed that 77.4% of all alerts were ignored,
must be carefully defined indicating that participants didn’t want to inspect objects unless it seemed
absolutely critical. Using replicated real world scenarios, the consequence
of each user decision should be explained thoroughly to ensure users know
the implications of each action.

Value the expertise of the operator For AT and humans to form partnerships they need jointly learn to utilize
their capabilities [35]. In our study that was not always the case. However,
one participant commented: "I thought it was a good help because I first look
at the picture and think about what it could be, if I’'m in doubt I look over and
see if it can help describe the object. You should just not trust it 100%.", which
indicates that they prioritized their own judgement.

The missing person description | Results from the perceived usefulness statements showed that all partici-
should be present when assessing an | pants liked having the missing person description on each alert page. This
alert helps to mitigate the situational awareness demon of mental overload de-
scribed by Agrawal et al. [3].

Table 10. Design implications for alert design in a drone swarm-based SAR system.
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6.4 Implications for Design

Insight provided by the study illuminates the challenges associated with using Al-generated explanations to enhance
collaboration with SAR operators. We produce implications for design, as a method for facilitating insights to other
designers or researchers [32]. Table 10 presents a set of suggestions to consider when designing alerts for a drone-swarm

SAR system.

6.5 Limitations

There are multiple aspects of this work that present possible limitations. These relate to the ground truths being
manually annotated, a small and non-diverse participant sample, and cognitive load levels not being tested on actual
SAR personnel.

Explanations and ground truths were all manually annotated by the researchers. Using an actual Al algorithm in the
case of the explanations, and using domain experts in the case of the ground truths would have made them more valid.
When doing the annotations, we used the guidelines that were provided to participants regarding how to respond. We
also openly discussed and challenged the explanation details and ground truth labels, thereby refining them before
being finalized. When more tailored algorithms become available, they should be used to provide the explanations, as
also suggested in [37].

The number of participants that were recruited for this study was quite low, and we have been hesitant to make
generalizing claims about the findings. The participants we did recruit were all male and living in Denmark. We accept
that since the gender distribution of the profession is largely male, and because nationality is not perceived to affect
any of the objective measures in this study. However, participants from more conservative cultures may show greater
hesitation to adopt AI technology. Additionally, expertise in SAR missions and experience with use of drones varied a
lot between the participants. Since we were limited to a small population of potential subjects, including people with
less experience could at least give some insights into how people would respond to such a system. Furthermore the
system we developed is completely new to all participants and therefore shouldn’t put less experienced participants too
much at a disadvantage, apart from the missing SAR experience that could help with decision making.

Lastly, the criteria we use for inducing high and low cognitive load had only been tested among the researchers and
two colleagues. To mitigate this problem, the alert per minute limits that were found during those tests were pushed
further outwards to increase the likelihood that all participants would experience the same cognitive load levels as

ourselves and our colleagues.

7 FUTURE WORK

A central aspect of presenting explanations relates to their long term effect on the operators skills and performance.
Studying their behavior in more detail, by e.g. using an eye-tracking device, could illuminate some of the nuanced
aspects of sustained exposure to Al explanations. This could provide valuable insight into what information and features
of an alert people notice and prioritize, and such insights would greatly help to inform alert design that gets the best
out of both the human and the AL

An idea that unfortunately came up too late for us to make it a part of the study was to include an indication on
the alert page of how well the detection matched the missing person description. Simplifying the explanations to just

include this match indicator could make it more likely that blindly choosing Mark for Inspection when the match is
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high, is actually a good decision more often than not. However, the primary goal should of course be to make sure that
users make a decision based on a combination of their experience and the AI's information.

In this work we employed the use of a separate alert handler role. This gave us more freedom to design alerts that
align with recommendations without having to worry about accommodating control of the swarm on top of it. If the
practice of having a designated alert handler is widely adopted, it would be relevant to investigate the necessity of the
map as the hub from where alerts are selected. We imagine that a more detailed preview of each alert could be provided
on a page that was dedicated to the purpose of showing alerts, thus further helping users prioritize which alert to look
at next.

One of the major challenges of this work was to determine how participants should behave when faced with the
different situations in the study. Future work should seek to define such guidelines and best practices in SAR drone
swarm systems. Specifically, defining what characterizes a good drone swarm operator or alert handler, and defining
a systematic way to handle alerts, should be a priority and will be key to maturing a shared understanding of these

systems.

8 CONCLUSION

With the rise of drone swarms for SAR on the horizon, it is important to establish how automation can be used
to facilitate smooth and effective human-swarm collaboration. This study moved beyond drone swarm control, to
contribute with insights into how the human operator can interact with the live detections made by such a drone
swarm. Our main research question was: How can explanations be designed to mitigate cognitive overload and
improve the performance of SAR personnel responding to Al-generated alerts? Through extensive engagement
with emergency services we gained the knowledge to develop a system that presented detections from five simulated
drones searching for a person. This system was used to facilitate an online study for 8 participants involved with
the Danish Emergency Services. The results suggested that explanations in Al-generated alerts didn’t have a direct
positive impact on operator performance or cognitive overload, however they did help support understandability and
decision-making. The knowledge gained from the user study allowed us to generate a set of design implications for
alerts in a drone swarm-based SAR system, which provide recommendations for future designers of such systems.
The findings in the present paper further underline the complexity of partnering SAR professionals with artificial
intelligence, and help to guide future research in a direction where the skills and potentials of both sides are allowed to

flourish.
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