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ABSTRACT
Collaborative virtual agents are often deployed to help users make
decisions in real-time. For this collaboration to work, users must
adequately trust the agents that they are interacting with. In my re-
search, we use a gamewhere human-agent interactions are recorded
via a logging system and survey instruments in order to explore this
trust relationships. We then study the impact that different agents
have on reliance, performance, cognitive load and trust. We seek to
understand which aspects of an agent influence the development
of trust the most. We hope to pave the way for trust-aware agents,
capable of adapting their behaviours to users in real-time.

CCS CONCEPTS
• Human-centered computing → Empirical studies in HCI;
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1 INTRODUCTION
An increasing number of collaborative agents are being deployed in
various areas, from safety critical tasks in the military and medical
domains [3, 19, 20] to more leisure-oriented activities involving
collaborative game and virtual companionship [5, 9, 24].

Our research focuses on the assessment of trust in real-time and
the investigation of factors that influence its development the most.
To this end, we created a human-agent collaborative game where
the agents’ behaviours, performance as well as the task difficulty
and predictability are controlled. We log users’ interactions in real-
time using an integrated logging system and record their answers to
pre and post task questionnaires. The framework created for this re-
search was presented during the Everyday Automation Experience
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CHI2019Workshop [7]. Two lab-based studies have been conducted
since then, the first one focusing on the impact of agents’ reliability
on players (currently under review) and the second one focusing on
how agents’ errors impact players’ behaviours [6]. A third online-
based study is currently under way. In this new study, we explore
whether players are more likely to rely and trust an agent under
different visual conditions affecting on-screen visibility.

2 RESEARCH BACKGROUND
Interactions with collaborative agents are often done within com-
mand and control scenarios, where users can choose to take into
account or disregard the agent’s input [3, 20]. Human-agent and
human-human trust relationships share similarities as both help to
achieve goals in an environment characterised by uncertainty and
vulnerability [18]. Adequate trust in automation has been shown to
have a positive impact on task performance and situational aware-
ness [8, 10, 11, 25].

Most of the studies up to date were carried out in turn-based set-
tings, where trust is assessed via pre- and post-hoc surveys [12, 21,
23]. However trust is a multi-modal concept influenced by numer-
ous factors, which is continuously evolving over time and through
interactions [14].

There is currently a lack of studies focusing on the empirical
assessment of real-time trust relationships in human-agent inter-
actions [1]. Gamification studies provide ideal environments to
explore such relationships by mixing simple and accessible game-
play with an engaging task in a controlled environment [4]. To
meet this need, we propose a human-agent interactive framework
in which both quantitative and qualitative information is recorded
and used to analyse the evolution of human-agent relationships
overtime. We believe that through the analysis of objective (gath-
ered through interaction) and subjective (gathered through survey
instruments) data, we can elicit and later predict the evolution of
reliance and trust in a collaborative agent.

3 RESEARCH QUESTIONS
We seek to understand how trust in agents evolves over time and
how it relates to reliance, cognitive load, task performance and
situational awareness. Our work focuses on the consequences of
imperfect automation on users’ behaviours and perception of col-
laborative agents. Namely, we focus on the following research ques-
tions:

(1) How do changes in the predictability of an agent affect users’
behaviours and perception of automation?

(2) How do different types of agent errors affect users’ percep-
tions of the agents?
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(3) Is trust in an agent affected by different levels of uncertainty
in the environment?

(4) Can an agent use different strategies to try and recover the
users’ trust after a failure?

4 RESEARCH APPROACH
To study the evolution of users’ behaviours while collaborating
with agents, we created an interactive task in the form of a video
game where players have to collaborate with different agents in
order to destroy waves of incoming missiles (see Figure 1.). The
game was heavily influenced by Missile Command [15] thanks to
its accessible gameplay that is ideal for user studies [4]. During
gameplay, the player can allow the agent to take care of the aim-
ing process, or can choose to override it. In all cases, the player is
the only one able to fire a projectile, which reduces the potential
for complacency [2] while keeping a minimum level of task en-
gagement. Our controlled environment allows us to adjust the task
complexity, agents behaviours and accuracy as well as visual uncer-
tainty in order to test the resulting effects on players’ behaviours
and perception of the agents. An in-game logging system as well
as survey instruments[13, 16] were incorporated in the game to
collect relevant information such as real-time performance (how
well the tasks’ goals were met) and reliance (how long the player
actually relied on the agent). The game was created using the open
source Godot Game Engine [17].

Figure 1: Screen-capture of the game-framework used in our
research.

5 CONTRIBUTION
So far, we have used the aforementioned game-framework to con-
duct three studies:

Testing Agents Reliability. In our first study (currently un-
der review) we set out to explore the relationships between trust,
agents’ predictability and agents’ reliability. We designed a lab-
based within-groups experiment (𝑛 = 30) where players interacted
with agents that displayed different levels of performance and/or
reliability. We found that, at the same level of agents’ performance,
participants reported higher trust, lower cognitive loads and were
more likely to rely on more predictable agents. However, the same
effects were not visible as agents’ performance decreased. These

findings further highlight the importance of predictability and con-
sistency in the design of potentially error-prone agents, and how
it impacts human-agent collaboration in real-time. We also found
that it was possible to infer users’ trust ratings with a high level of
accuracy using both behavioural interaction data and qualitative
assessment of the agents and task.

Testing Types of Agents Errors. In our second study [6] (𝑛 =

24), we tested the impact of different agents performing at the same
level in terms of reliability but displaying different behaviours when
it comes to making errors. Agents’ behaviours and their associated
types of errors were created using Reason’s human errors taxon-
omy [22], which has been later contextualised in Human-Agent
collaborative settings by Baker et al [1]. Our results showed that
different types of agent errors have a different impact on users
propensity to trust and rely on an agents’ inputs despite the errors
having a similar impact on performance. In most cases, we found
that an error caused by the agent’s inaction had a less negative
impact on trust and performance compared to errors of planning
or commission.

Impact of Visual Uncertainty on Trust. We are currently
running our third study, where we look at the impact of visual
uncertainty (partial and near-total) on participants’ propensity to
rely, trust and perform tasks while collaborating with agents. Due
to the COVID pandemic, the study has been moved online. For
now, preliminary results (𝑛 = 12) seem to indicate that users report
higher trust in the agents when visibility is the most reduced even
when they have previously interacted with the agent in higher
visibility settings. However, situational awareness does not signifi-
cantly change from situations with perfect visual information to
situations where the visibility is reduced.

6 DISSERTATION STATUS
Relevant literature review as well as the design of the main com-
ponent of our framework has been completed. Lab-based piloting
sessions and science-fair events were used to calibrate the differ-
ent settings of our framework (game mechanics, task complexity).
Recently the study has been adapted to an online platform, where
participants can take part in the study remotely, allowing for a
wider dissemination of our future studies.

Overall, we hope to disseminate our framework in the near-
future with enough functionalities to support a wider array of
research. Most the studies we conducted to date focused on dis-
covering elements that negatively impacted the human-agent trust
relationships. In future studies, we plan on testing different "trust
repair" mechanisms to encourage users to re-engage with the agents
after an initial negative experience. This focus call for the addition
of new features to the agents, such as voice capabilities or for the
agent to communication basic emotions.

Our publications [6, 7] show a growing interest in the develop-
ment and assessment of human-agent relationships, with a focus on
how users trust decision aids system. Participation in the Doctoral
Consortium will allow us to get crucial feedback from the game
research community on how to design for keeping players engaged
with virtual agents in an interactive real-time task.
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