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This study explores human-autonomy collaboration between a future autonomous pilot and a human crew member
pursuing a joint Intelligence, Surveillance, and Reconnaissance (ISR) mission. We introduce a novel open-sourced au-
tonomous ISR interaction domain simulating real-world scenarios. As aviation increasingly integrates autonomy, our
focus lies in understanding how various autonomous capabilities and interface features affect trust, perception, and user
interactions. Conducting an exploratory study with 27 participants in a flight simulator, we examine the impact of var-
ious autonomy modes on human-autonomy interaction. Through demographic analysis, interface usage, and qualitative
responses, we explore the impact of experience, expertise, and authority on collaboration dynamics.

INTRODUCTION

This research is interested in the potential use of autonomy in
crewed Intelligence, Surveillance, and Reconnaissance (ISR). It
investigates collaboration between a futuristic autonomous pi-
lot and a human crew member performing joint ISR tasks in a
human-AI dyad. We present a novel human-autonomy interac-
tion domain that mimics real-world ISR scenarios in a flight sim-
ulator and offers an experimental apparatus for researching adap-
tive teaming and fluency in multitasking and high task load en-
vironments. Our work is motivated by the increasing maturity of
Artificial Intelligence (AI) technologies and the opportunity to
develop collaborative autonomous pilots that can achieve perfor-
mance on par with or superior to current operational capabilities.
The first part of this study involves the design of the modes and
behaviors of an autonomous pilot for joint ISR. The second part
is an exploratory study conducted in a flight simulator with 27
participants to investigate the effects of autonomy mode and par-
ticipant background on human-Al interaction.

An active area of research and development is the integra-
tion of Al into aviation, particularly through autonomous pi-
loting capabilities (DARPA, 2020). The increasing capabilities
of autonomous technologies will enable interaction that closely
mimics human peer-to-peer collaboration (Goodrich & Schultz,
2008). A report on human-Al teaming research gaps and prior-
ities by the National Academies of Sciences (2021) encourages
leveraging the beneficial dynamics seen in human-human teams
for communication and coordination.

Beyond airline operations, many aviation missions today re-
quire a heterogeneous crew of pilots and mission specialists such
as emergency medical technicians, rescue operators, law enforce-
ment officers, and intelligence analysts. It is possible that in the
near future, autonomous pilots will have the maturity to compe-
tently handle basic aviation functions currently handled by hu-
man pilots. The U.S. military has indicated interest and is invest-
ing heavily into research and development of such capabilities
(Roza, 2024), (“Collaborative Combat Aircraft (CCA)”, 2023).
Although an autonomous pilot could soon “aviate, navigate, and
communicate” without human input, certain critical portions of
the mission such as medical care, intelligence analysis and other
expert tasks would still require a human mission specialist.

In the literature on human-Al and human-autonomy inter-
action, few researchers have explored interaction in heteroge-
nous teams performing highly interdependent tasks that are dis-
junctive, conjunctive or discretionary (Steiner, 1972). ISR is a
class of task with such team and task characteristics, and requires
specialized mission knowledge, experience, and judgement that
typically requires human mission specialists. Although some
ISR can be conducted remotely using Remotely Piloted Aircraft
(RPA) or Uncrewed Aerial Systems (UAS), many missions re-
quire onboard personnel due to their sensitivity, time, sensor,
communication, equipment or other operational requirements.
As such, our guiding research question is to identify the elements
that impact the effective teaming of an autonomous pilot with an
onboard ISR crew. This study explores how autonomy mode and
operator background impact this interaction.

BACKGROUND

Research in human factors has demonstrated that humans
face significant challenges supervising automation (Rasmussen,
1982) (Endsley & Kiris, 1995). Aviation Psychology emerged as
a field of study to investigate ways to mitigate those hazardous
safety and performance issues in the specific context of aviation
(Wiener & Curry, 1980). With the increasing complexity of flight
automation and avionics, research has continued into optimizing
cockpit displays and autopilot systems (Riley et al., 2002). Much
of'this research has remained focused on the challenges airline pi-
lots face in their cockpits. As airlines consider single pilot oper-
ations (Harris, 2023), additional research will be needed to main-
tain the safety expected in commercial aviation.

Levels of interaction with automation and autonomy can be
classified on a spectrum from direct control to dynamic autonomy
based on the capabilities and interface features of the agent, span-
ning: teleoperation, mediated teleoperation, supervisory control,
collaborative control and peer-to-peer collaboration (Goodrich
& Schultz, 2008). The increasing capabilities of autonomous
technologies are enabling interaction that falls closer and closer
to to peer-to-peer collaboration (“Collaborative Combat Aircraft
(CCA)”, 2023). Summarizing the work of many researchers over
the past 50 years on the science of teams, Salas et al. (2008) high-
light the performance benefits of dynamic teaming that could be



achieved with sufficiently capable autonomous agents.

In addition to capabilities of the autonomy, the nature of the
task is another important characteristic that determines the suc-
cess of human-Al collaboration. Steiner (1972) established a tax-
onomy that classifies joint tasks by component, focus, and inter-
dependence. Ifa task can be divided into clearly identifiable sub-
tasks that can be assigned to individual team member, its com-
ponent categorization is Divisible. On the other hand, if the task
requires the group to work together or can only be completed by
one individual, its component categorization is Unitary. Tasks
that are focused on producing a greater quantity of deliverable
are considered Maximizing in focus. On the other hand, tasks
that seek to improve quality or achieve an optimal solution, their
focus categorization is Optimizing. Interdependence has five cat-
egories. Tasks in which individual contributions can be added
together for a greater group deliverable are considered Additive.
Tasks which require an averaging of individual contributions are
considered Compensatory. Tasks which require the team to de-
termine a single solution are considered Disjunctive. Tasks in
which the level of deliverable is determined by the most inferior
or weakest contribution are considered Conjunctive. And finally,
tasks which allow team members to determine the best combina-
tion or permutation of individual contributions are Discretionary.

According to U.S. Air Force Doctrine 2-0 Intelligence
(2023), ISR is “an integrated operations and intelligence activ-
ity that synchronizes and integrates the planning and operation
of sensors; assets; and processing, exploitation, and dissemina-
tion systems in direct support of current and future operations”.
Crewed ISR aircraft perform collection operations which involve
“tasking and synchronizing ISR sensors, platforms and exploita-
tion resources to characterize the operational environment, ad-
versary activities, and infrastructure, and to target (i.e., find, fix,
track, target) entities in the battlespace” (U.S. Air Force Doctrine
2-0 Intelligence, 2023). Crewed ISR is a complex task in compo-
nent, focus, and interdependence that requires close coordination,
communication, and collaboration between crew members.

In addition to the nature of the task, other elements of hu-
man interaction with Al and autonomy are the capabilities of
the autonomy, the nature of the information exchange, the struc-
ture of the team, the learning and training adaptation of the team
(Goodrich & Schultz, 2008). The nature of the information ex-
change touches on explainability (Sanneman & Shah, 2020) and
bi-directional transparency (J. B. Lyons, 2013) (Chen et al., 2018)
which are active areas of research. The structure of the team im-
plicates considerations of responsibility, authority and function
allocation (Feigh & Pritchett, 2014). As Al gains the ability to
learn online and adapt its task work and teamwork to the envi-
ronment and team dynamics, elements of adaptive systems will
come to bear (Feigh et al., 2012).

Research on human-Al trust has identified age, gender, and
participant background as important factors in human-Al inter-
action (Y. S. Razin & Feigh, 2023). Dispositional trust, faith in
technology are elements affected by the human’s background that
may impact the interaction. Some factors that may affect human-
Al interaction in the specific context of ISR are Al expertise and
flight experience.

As autonomy capabilities emerge, some human factors re-

searchers have started evaluating operationally relevant systems
inrelated domains to ISR. Barnes et al. (2021) investigate human-
Al interaction in mission planning and dismounted infantry squad
operations. J. Lyons et al. (2022) investigate perception of agent
appropriateness in air-to-air combat. This research leverages the
findings of these research projects to investigate the potential role
of autonomous pilots in crewed ISR.

EXPERIMENTAL APPARATUS

We constructed an immersive flight simulator with a cabin the
size of an electric Vertical Take Off and Landing (eVTOL) air-
craft to provide an operationally realistic environment for future
autonomous ISR. The cabin shown in Fig. 1 provides operator
seating, front and vertical reference windows, a control station
display, and a mouse and keyboard on a swivelling table. Visu-
alization of the aircraft body and outside environment including
ships in the water, is programmed using Microsoft Flight Simu-
lator (MSFS) and projected on a floor to ceiling wall using two
projectors. The source code used for our experimental apparatus
is available at https://github.com/gt-cec/onr-isr.
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Figure 1: Simulator Cabin

Task Design

In consultation with an operational U.S. Navy P-8 pilot, we de-
signed an ISR Wargame to simulate maritime patrol of a coast line
to find adversary ships hiding amidst fishing and cargo ships. The
mission is to patrol an assigned surveillance area and fly within
sensor range of detected targets to identify, classify, and track
adversary ships.

The mission is accomplished in two phases. The first phase
— Identify — which can be accomplished from anywhere inside
the surveillance area, is to use the ISR operator control station
mouse to acknowledge and assign IDs to every target that ap-
pears in the surveillance area. The second phase — Classify &
Track — first requires navigating the aircraft to within long range
sensor range (depicted by the dashed semi-circle around the air-
craft in Fig. 2) of a target to classify and color it as a neutral
or enemy target. Next, it requires navigating the aircraft within
short range sensor range (depicted by the solid circle around the
aircraft in Fig. 2) to establish a track and determine the size of
the ships’ Weapon Employment Zone (WEZ) if any. The mis-



sion is accomplished when both phases are completed for every
target. The task was designed to be complex in component re-
quiring selection and prioritization of targets; in focus requiring
both minimization of time and optimization of trajectory; in in-
terdependence requiring selection of a single target to process,
averaging the navigation inputs of the human and the AI, and
strategic sequencing of targets; and joint.

The team composed of a human intelligence analyst and an
autonomous pilot is asked to complete the mission in minimum
time and with minimum damage. Damage is accumulated by
overflying the WEZ of enemy ships. The team must navigate the
aircraft efficiently around the surveillance area to track all targets
while taking care to avoid the WEZs of unclassified and enemy
ships. The autonomous pilot is tasked with basic aircraft opera-
tion and navigation, while the human operator identifies targets
and commands the mission to assure completion of all phases.
The autonomous pilot is designed with various modes of opera-
tion which exhibit different levels of responsibility and authority
for aircraft navigation.
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Figure 2: ISR Operator Control Station User Interface

Autonomous Modes

In the baseline mode Waypoint, the autonomous pilot defaults to
flying a pre-determined navigation pattern but deviates to any ar-
bitrary waypoint requested by the operator. Without any operator
input and regardless of the position of enemy ships, the Al flies
one of two programmed search patterns: 1) Hold which resem-
bles a rectangular orbit or 2) Ladder which stair steps horizontal
scans across the surveillance area. In this mode, the human oper-
ator has complete authority over aircraft navigation and respon-
sibility for avoiding enemy WEZs.

The second mode is a dynamics constrained Collaborative
mode that is different from the baseline mode in that, the au-
tonomous pilot can reject the operator’s waypoint request based
on a black box maneuver estimation algorithm (designed to
mimic maneuvering constraints in safely completing the re-
quested trajectory). The Al does not provide an explanation of
its decision. In this mode, the human and the autonomous pilot
share authority over navigation, while the human operator retains
responsibility for avoiding enemy WEZs.

In Collision Avoidance mode, the autonomous pilot contin-
ues the default navigation search pattern and also proactively ex-
ecutes evasive maneuvers to avoid overflight of enemy WEZs.

The autonomous pilot accepts all operator waypoints as long as
they are not inside a WEZ and navigates to them while execut-
ing its evasive maneuvers. The human operator retains authority
over aircraft navigation, while sharing responsibility with the au-
tonomous pilot for avoiding enemy WEZs.

In the Search Optimization mode, the autonomous pilot has
an assistance feature which creates optimized search patterns for
navigation. Upon request through a user interface button, the au-
tonomous pilot creates and proposes a new search pattern that
focuses navigation in specific quadrants of the surveillance area.
The human operator reviews and accepts or declines the new
flight pattern. Although the Al can offer assistance, the human
operator retains authority over aircraft navigation, and responsi-
bility for avoiding enemy WEZs.

METHOD

Our exploratory user study employed a counter-balanced full-
factorial within-subjects design. The independent variables were
autonomy mode with four levels and task load with two levels.
Each participant completed eight scenarios sequenced according
to a Latin Square to counter balance the effects of learning and
fatigue. Eight unique Latin Square sequences were sequentially
cycled through.

A total of 30 participants were recruited from the university
and local community, however, one did not complete training,
one did not provide cohesive responses to the questionnaires, and
one had incomplete data. 27 participants successfully completed
the experiment. The 27 retained participants ranged in age from
19 to 35 with a median of 22 and mean of 22.6. In gender, 19
were male, 6 female and 2 non-binary. For flight experience, 22
had none, and 5 had some including 1 certificated private pilot.
For Al experience, 21 had none and 6 had some.

The study protocol was approved by Georgia Tech’s Insti-
tutional Review Board. The study lasted between 120 and 150
minutes and participants were compensated $50 for their time.
After reviewing the consent forms and completing demographic
questionnaires, participants were briefed a background story in
which they were a new military intelligence analyst recruit dur-
ing a cold war in which a recent skirmish destroyed military com-
munications satellites preventing the use of RPAs and UAS for
ISR. As such, the military had modified commercial eVTOLS to
conduct crewed ISR. Their task was to collaborate with an au-
tonomous pilot to patrol an assigned surveillance area off the
coast of the United States. After receiving training on the ISR
Wargame and Operator Control Station, participants were instru-
mented with eye trackers and other physiological sensors. Par-
ticipants then started completing scenarios according to the Latin
Square sequence.

Each scenario lasted between 5 to 10 minutes. Following
each scenario, participants completed a NASA TLX question-
naire on their simulator display. After the last scenario and
NASA TLX questionnaire, participants completed a compre-
hensive post-experiment questionnaire on teaming with the au-
tonomous pilot, followed by a debrief interview with one of the
researchers.

The post-experiment questionnaire used questions from the
Interdependent Trust for Humans and Automation Survey (I-



THAu) (Y. Razin, 2020) to assess team communication, inter-
action, affective trust and perceived performance. The debrief
interview asked participants questions on their positive and neg-
ative perceptions of the Al their trust, and whether they could en-
vision conducting such a collaborative joint human-Al aviation
mission in real life. User eye gaze data was collected in addition
to mouse movements and clicks. Time and damage score data
were recorded for each phase of the mission. System alerts and
other user interface messages were also recorded.

RESULTS

In this paper, we employ a mixed methods approach to identify

trends in the collected user interface data, the questionnaires, and

the debrief interviews for follow-on studies. The objective of our
exploratory study was to validate the presence of underlying hu-
man factors phenomena and obtain user responses and feedback.

We intend to apply user feedback and interview responses from

this study to improve our experimental apparatus. We present

quantitative findings from our human factors evaluation (work-
load, situation awareness, physiological metrics) in (Agbeyibor,

Ruia, Jimenez Cortes, et al., 2024), and the technical details of

the run-time assurance mechanism of our Collision Avoidance

mode in (Agbeyibor, Ruia, Kolb, et al., 2024).

In the debrief interviews, participants were asked about their
perception of each autonomous mode. Our thematic analysis re-
sulted in the following high-level perceptions:

Waypoint Mode (baseline): Participants had neutral percep-
tions of this mode, and desired the ability to configure the
search pattern behavior.

Collaborative Mode (Al can reject user waypoints): Partici-
pants reported negative perceptions because of the lack of
explanation in the AI’s decisions.

Collision Avoidance Mode (Al avoids enemy WEZs): Partici-
pants had a clear preference for this mode, which left the
user with authority on navigation, relegating the Al to a
supporting role in the team. Participants stated that the
mode reduced their workload by allowing them to focus
on the task objectives instead of avoiding WEZs.

Search Optimization Mode (dynamic search patterns): Partic-
ipants had neutral perceptions of this mode, as it did not
actively avoid enemy WEZs.

The post-experiment questionnaires measured communica-
tion and interaction, affective trust, and perceived performance.
T-test revealed no differences between participant demographic
groups for communication and interaction, or affective trust. Fig.
3 shows a summary of the questionnaire results.

Three of the questionnaire results indicated small but not sta-
tistically significant differences. Participants without Al experi-
ence tended to be less satisfied with the AI’s performance. Par-
ticipants without Al experience also tended to be less satisfied
with the AI’s contribution. And participants without Al expe-
rience tended to disagree more with the statement “I work well
with the AI” (Ap = 1.05, p = 0.1). In their debrief interviews
participants without Al experience expressed that they came in to
the experiment with a higher expectation of the Al’s capabilities
than they experienced.
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Figure 3: Questionnaire Responses per Al Experience

Mouse click data collected from the user interface suggested
a trend in waypoint input differences between participants with
flight experience (1 = 107.3) and those without (1 = 138.7),
however, the difference was found to not be statistically signifi-
cant. No statistically significant differences were found in mouse
movements or clicks.

DISCUSSION

Overall, the autonomous capabilities provided and the interface
features enabled this simplified ISR task to be completed with
reasonable performance. The participants’ backgrounds indi-
cated differences in perception of the Al pilot, but limited num-
bers prohibit drawing conclusions. Finally, the perception of the
Al was tied to the specific Mode capabilities as expected.

Limitations

One limitation of our work was an imbalance in participant age,
gender, Al experience and flight experience demographics, as
these were not controlled for. In addition, we did not quanti-
tatively measure differences in autonomous modes beyond the
user interface data. The questionnaires did not ask users to rank
the various autonomous modes.

In our next iteration, we will target our participant recruit-
ment efforts towards a more even balance of participants across
our target demographics. We also intend to measure pre and post-
experiment trust to gauge the impact of dispositional trust on at-
titudes towards the Al. Additionally, we will increase the com-
plexity of the ISR task to strengthen the effect of the autonomous
modes on mission outcomes and user experience.

Conclusions

The first takeaway from our preliminary study is that it is possible
to conduct an ISR mission with a heterogeneous crew of human



and Al members collaborating on joint aircraft navigation, target
identification, classification and tracking.

The guiding question for this paper was how a participant’s
background and the autonomy’s mode of behavior influences the
interaction. The research question was addressed through an
analysis of relationships between participant demographics, user
interface data, and qualitative responses to questions on commu-
nication, interaction, trust and perception. Participants expressed
a preference for retaining full authority while sharing responsi-
bility with the autonomous pilot for missions tasks. Participant’s
flight and AI experience played a minor role in the quality of the
interaction.

Our future work aims to further develop the autonomous ISR
simulator to enable more intelligent navigation pattern optimiza-
tions, dynamic adaptation of the autonomous mode to the situ-
ational context, and to improve the system’s transparency and
explainability.
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