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Abstract

Explainable AI (XAI) has gained increasing attention from more and more researchers with an aim
to improve human interaction with Al systems. In the context of human-agent teamwork (HAT),
providing explainability to the agent helps to increase shared team knowledge and belief, therefore
improving overall teamwork. With various backgrounds and characteristics of humans, expert video
gamers are found to have better perception and cognitive ability. This study aims to study the effect
of information amount in explanations on four factors: subjective workload, teamwork performance,
trust, and explanation satisfaction in different expertise levels in human-agent teamwork. To investigate
the research question, we designed a simulated search and rescue task, encompassing two types of
explanations: the one containing less detailed information, and the other presenting more detailed
information. After conducting the experiment with 42 participants, we first divided all participants into
three expertise levels based on their self-reported game frequency and the mock task score in the tutorial.
Then we statistically analyzed the effect of information amount and expertise levels on the subjective
workload, team performance, trust, explanation satisfaction, and activity level. In conclusion, we did
not find evidence that adapting the information amount in explanations to gaming expertise levels
can yield an improvement in the user experience during simulated search and rescue tasks. However,
subjective workload is found to have a negative effect on explanation satisfaction. For future studies, it
may be worth investigating whether expert gamers require explanations with very detailed information
in HAT.
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Introduction

1.1. Background and Motivation

With Artificial Intelligence (Al) techniques becoming more and more well-developed, the advantage of
Al agents’ computational ability and their rational reasoning attracts researchers’ attention to investigate
the possibility of making humans and agents work together on the same task. Some research [64] [67]
investigates how to make humans and Al agents work collaboratively in an efficient way, in which
both humans and agents can make the best of their own strengths. Human-agent teamwork (HAT)
requires both parties to work in a highly interactive way, which involves plenty of factors that influence
teamwork performance, for example, shared knowledge in the team, both parties’ trust in each other,
human satisfaction with the agent, etc. However, Al agents often work as black boxes, their complex
algorithms make it hard for humans to fully understand the Al agents” internal reasoning processes
or trust their decisions. In turn, in a teamwork setting, this lack of comprehension or trust can lead
to lower efficiency and worse teamwork performance. One of the solutions to tackle this problem is
explainable AI (XAI) [23].

XAI provides explanations to its users and helps to interpret the internal reasoning or explain the
behavior of Al agents. Proper explanations can have a positive effect on humans’ trust in the agent,
and lead to more effective teamwork [62]. For example, in a search and rescue task where humans
and Al agents collaborate together, providing explanations about the agent’s current situation and
action helps humans understand the whole situation and plan for further actions better. To enhance
interpretability and user comprehension, XAl has been increasingly deployed in decision support
systems [56], healthcare and medicine [75], etc.

Given the various contexts and different styles in which explanations are provided, it is hard to
provide a satisfying explanation to every user or in every context. Besides, humans’ preferences can
be influenced by their past experience or their own characteristics, which makes different humans
likely to prefer different styles of explanations. Even though generally providing explanations helps
users to understand Al systems better, providing explanations with a style that users do not prefer can
decrease satisfaction with the Al system. Adaptive XAl is an approach to provide more personalized
and trustworthy explanations. Adaptive XAI can be distinguished by the factor that explanations adapt
to. Context-aware XAl adapts explanations to factors related to context, such as time pressure, while
user-aware XAl adapts to factors related to human’s personality, behavior, etc. [3]. Currently, there is
a lack of research that investigates what factors of humans influence the preference for some specific
explanation styles or how these factors would affect the preference. Conducting such studies can help
to shape the implementation of personalized XAI systems.

When performing a task, humans are likely to behave based on their background knowledge and
experience. Those with similar experience tend to learn the task more quickly with better performance,
while others with novice knowledge can take more time to learn the task and try to formulate their
behavior during the task. Plenty of research has reported that expert gamers tend to have better
attentiveness and cognitive ability [68] [53] [65]. Better cognitive ability correlates with the ability to
process more information when performing a task. Though studies such as [69] investigated whether
providing more information would influence HAT, there is a lack of studies about how gaming expertise
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levels would affect less or more detailed explanations perceived during HAT tasks.

1.2. Research Question

Based on the background in the previous section, we propose the main research question of this study:
what is the effect of less versus more detailed agent explanations on human-agent teamwork for
people with different gaming expertise?

Related sub-questions include:

¢ What is the effect of less versus more detailed agent explanations on subjective workload for
people with different gaming expertise?

¢ What is the effect of less versus more detailed agent explanations on task performance, subjective
trust, and explanation satisfaction for people with different gaming expertise?

¢ How can we design explanations that are adapted to users’ gaming expertise?



Theoretical Foundation

This section describes the background and theoretical foundation of this research. Based on the research
questions, we aim to investigate how agent explanations adapted to human gaming expertise can
influence human-agent teamwork. Hence, the related theories can be divided into two parts. The first
part discusses studies related to human-agent teamwork. The second part discusses the research of
explanations and explainable AL

2.1. Human-Agent Teamwork

Though studies in Al and automation are motivated by reducing cost and exceeding the capability
of humans, simply replacing humans with Al systems is not the best way to compensate for human
limitations [31]. Both humans and Al agents have their advantages in different fields and circumstances.
A good performance requires both skill sets and both parties of Al agents and humans [31]. Hence,
researchers started to investigate the possibility of humans and agents collaborating on the same task,
which is called human-agent teamwork (HAT).

Teaming can be interpreted as an instance of joint activity. Bradshaw et al. divided joint activity
into three types of activity: co-allocation, cooperation, and collaboration, these three activities require
different levels of interdependence from low to high [9]. Co-allocation only requires interdependence of
necessary resources; while cooperation involves interdependence of activities without a shared goal;
collaboration only happens when teammates have a shared objective [9]. In order to achieve successful
interactions in HAT, agents need to meet human expectations of their behavior [73]. There are several
factors that could influence human-agent teaming, such as interdependence, roles, and task settings.

2.1.1. Interdependence

Interdependence is the keyword for teamwork. In [34], interdependence is defined as: “Interdependence
describes the set of complementary relationships that two or more parties rely on to manage required or opportunistic
dependencies in joint activity” [34]. In the context of teamwork, when team members are dependent on
each other to perform a task, they are interdependent [35].

Though plenty of studies have been devoted to increasing autonomy of the Al agents, when the
agents are teaming with humans, only increasing autonomy may not necessarily increase the team’s
performance. Besides, designing a team is more than separating and assigning tasks to different
team members. Johnson et al. highlighted the importance of managing interdependence among team
members in a complex joint activity that involves humans, software agents, and robots [32]. To involve
interdependence when designing a human-agent team, Johnson et al proposed a design approach called
coactive design. Coactive design is an approach to take software agents not only as an independent tool
with autonomy, but rather as an interdependent teammate to work collaboratively with [34].

To design appropriate HAT, it is necessary to understand the underlying interdependence of team
members [35] [31] [33]. For example, a task can be done more efficiently by working together than two
people working alone. A fully defined interdependence relationship includes both the reason and the
remedy for it. The reason is what this relationship is trying to address, and the remedy is about how it
is going to be addressed [34].
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Soft and hard interdependence

Teamwork among humans is flexible. In some cases, an individual has the ability to do some tasks
independently, but with others” help, it will significantly increase efficiency and reliability. This kind of
cooperation is defined as soft interdependence in [34]. Soft interdependence happens when teammates
provide mutual support to help each other, it is optional and opportunistic [35]. In contrast to soft
interdependence, hard interdependence is described as a strict requirement when an action is completely
dependent on the other’s collaboration. For example, in a search and rescue task that requires a teaming
of humans and agents, soft interdependence happens when more teammates can lift a rock faster,
though a rock can be lifted by one team member with more effort. While hard interdependence can be
that only humans can diagnose the injury levels of the survivors. In [34], Johnson et al. argued that
to achieve great teamwork, it is crucial to include both hard and soft interdependence. However, soft
interdependence is always a criterion to distinguish perfect teams from good teams [35].

2.1.2. Roles in HAT

The literature study of [67] reviewed models of human-agent teamwork and suggested that in order
to make agents integral to the team, researchers need to identify what role agents play in the team.
Sycara et al. proposed three roles that agents can play during HAT: agents supporting individual team
members in the completion of their own tasks, agents supporting the team as a whole, and agents
assuming the role of an equal team member[66]. Like in human teams, the role that agents can play
in HAT is influenced by their capabilities, and different roles of the agents could influence the team
settings.

2.1.3. Factors in HAT

When considering teamwork between humans and Al agents, how human teamwork models work can
be a good inspiration [31]. However, due to the nature of Al agents, one of the difficulties of HAT is that
agents cannot communicate with humans like humans with each other. Hence, there are several crucial
factors for successful HAT, such as transparency and explainability, mutual trust, shared mental model,
etc. [31] [69].

Trust

Trust is a crucial factor in teamwork. With trust, human tends to cooperate and communicate more
efficiently with others. Trust is highly integrated with teamwork performance, not only because trust is
the foundation of efficient teamwork, but a smooth team interaction and satisfaction also improve trust
between teammates [12]. Given the context of HAT, research also found that trust is related to team
performance [46]. Hence, trust is a crucial factor in evaluating HAT.

shared mental model

A shared mental model fosters mutual awareness, that team members are not only aware of their own
situations but also other teammate’s situations, which can promote the joint goals in the team [76].
Shared mental models in teamwork can be distinguished into shared-team-mental models (models
related to team interaction) and task-based-mental models (models related to task or equipment) [45].
Studies have shown that communication in human-agent team cultivates a shared mental model, and
enhances team performance [25] [76], and trust [61].

2.1.4. Search and Rescue Task

As an example of HAT, search and rescue (SAR) tasks are related to real life, and provide opportunities for
humans and agents to collaborate. SAR tasks are often used by research that investigates human-agent
interaction, such as [30].

In reality, SAR task is always done by a team of humans and equipment, which also provides
convenience to simulate HAT. The scenario of SAR includes plenty of instant information and decision-
making that could test human’s ability of perception and cognition, hence requiring a relatively high
expertise level. An example of decisions in SAR can be to decide who to rescue next when there are
several victims to rescue at the same time.

Studies have investigated how to support SAR by Unmanned Aerial Vehicles [72] [19], decision-
support systems [17] [1], etc. Hence SAR benefits from involving autonomy and Al systems into the
team. Due to its nature of teaming and its trend of collaborating with Al systems, SAR is often used as a
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simulated scenario to investigate human-agent teamwork. In a simulated SAR task, humans and agents
collaborate together to search for survivors and rescue as many survivors as possible. As the name
implies, SAR task can be simply divided into two sub-tasks: search task and rescue task. During the
search task, the main goal is to search for survivors blocked by obstacles or survivors without entry to a
safe zone. During the rescue task, the team aims to rescue the injured survivors and move survivors to
the safe zone.

2.2. Explainable Al

Currently, most Al systems’ internal decision-making processes remain opaque to humans and lack
transparency [23]. Explainable AI (XAI) is a method aimed at improving transparency by offering
explanations that enhance the comprehensibility of Al systems for users[60]. Moreover, making the Al
systems explainable and transparent is essential not only for researchers but also for those who will be
affected by the system’s decisions [74]. In the context of HAT, providing explanations also helps to avoid
human’s incomprehension in the agent [18]. Hence, the ability to explain in XAl is also crucial in HAT.

XAI can be divided into data-driven XAl and goal-driven XAl Data-driven XAI explains black-box
machine-learning algorithms, for example, explaining the results of classification or interpreting the
parameters in a neural network model [78]. While goal-driven XAl refers to the explainable agents that
can explain their behavior or decision to end users [3]. However, data-driven XAl is more related to
machine learning or neural network models, hence it is out of the scope of this study.

Humans have a good intuition of how to explain and process explanations. Miller et al. argued that
analyzing how humans explain decisions and behavior to each other is a fair starting point to investigate
the methods to design XAI [49]. Hence, several architectures and frameworks of XAl are inspired by
human behavior and interactions. For example, investigating how people explain something to others
or how people process others” explanations helps to generate certain kinds of explanations.

Miller et al. argue that if we are to design and implement agents that can truly explain themselves,
the explanations will have to be interactive and adhere to principles of communication [49].

Plenty of research and user studies investigated the effects of XAI. Although the scenarios and
applications of these studies and XAI systems vary a lot, most of them show a positive effect on
humans’ perceptions of situations. For example, experiments of [54][71] show that algorithms providing
explanations are better at influencing people than those that lack explanations. Hence, XAI helps
humans to better understand both the function of Al systems and the situation.

Explainable Al can be divided into three phases: explanation generation, communication, and
reception [52]. Explanation generation includes the process of how explanations are generated.
Explanation communication refers to the interaction between the agent and humans with explanations.
Explanation reception focuses on human’s perspective, which includes user studies to evaluate the
explanations. In the upcoming sections, we will review the literature related to XAI by following these
three phases.

2.2.1. Explanation Generation

An ideal explanation should be a fine balance among several factors, such as a proper length, an
acceptable tone, containing sufficient information, etc. Too much information in the explanations
increases human’s cognitive load, while too little information cannot explain the situation clearly and
leads to ambiguity. Hence, explanations should have a proper length, and they can not include too
much information or too little. Several studies discussed the characteristics of a proper explanation.
For example, Mualla et al. claim that explanations should be parsimonious, and define parsimony as a
balance between simplicity and adequacy [51]. Simplicity provides simple explanations that consider
the human cognitive load, and adequacy mandates the inclusion of all pertinent information in the
explanation to help the user understand the situation [51].

There are many scenarios when explanations are needed, and different scenarios and contexts
require different explanation types. An explanation type defines the way information is structured
and is often defined by the algorithmic approach to generate explanations [71]. Different explanation
types can influence user’s trust [40] or satisfaction [36]. To generate an explanation, one of the things
that needs to be considered is to choose an explanation type. In this section, some frequently studied
explanation types are discussed.
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Contrastive explanation
Social science studies have found that when people are asking a question, they tend to search for a
difference between the result and their hypothesis by asking questions in a contrastive way. When
people ask a "'Why” question, they often have a hypothesis themselves, and the "Why’ question implies a
question of "Why not’ [71].

Contrastive explanations can be divided into Rule-based and Example-based contrastive expla-
nations. Rule-based explanations are “if... then...” statements, whereas example-based explanations
provide historical situations similar to the current situation [71]. Example-based explanations are often
used between human communications, with an example of a specific case. For instance, when humans
ask why not choose to remove this obstacle in a SAR task, a rule-based contrastive explanation can be “If
I choose to remove this obstacle, I will hurt myself.” An example-based contrastive explanation can be “This
obstacle is too heavy and I recommend not removing it. Last time when I tried to remove an obstacle above my
ability, I broke my arm.”

In [48], Miller et al. proposed a model of contrastive explanation and defined contrastive questions
into two types: counterfactual and bi-factual questions. Research of [49] found that the behavior
of explaining is always contrastive and people prefer an explanation that answers why the result is
contrasted with their hypothesis.

Goal-based and belief-based explanations

Other types of explanation are goal-based and belief-based explanations. Goals can be the reason for
certain behaviors. Goal-based explanations cite the agent’s desire and goal of a certain action[44]. An
example of a goal-based explanation can be: "I suggest bringing an umbrella because I want to help you
avoid getting wet in the rain." On the other hand, belief-based explanations express the agent’s belief in
a certain action. For example, a belief-based explanation of why suggesting bringing an umbrella could
be: "I suggest bringing an umbrella because it is cloudy outside" [36].

Confidence explanations

Confidence explanations provide the confidence or certainty level of the system’s decision or its behavior.
This kind of explanation is always applied in the context of decision-support systems to increase user’s
trust. The experiment by [4] shows that providing confidence information in context-aware mobile
phones can increase user’s trust in the system. Another research by [42] suggests that in the context of a
mobile application, explanations containing confidence are preferred by the users. However, in the
context of HAT, whether to include confidence factor in the explanations should be considered with the
specific task settings.

Feature attribution

Feature attribution explanations are widely used in machine learning systems, they assign importance
scores to features based on certain criteria [39]. For example, the feature attribution explanation shows
the scores of how strongly each feature is relevant to the model’s decision [26]. Given the topic of
our study, feature attribution will not be further discussed due to its nature of explaining the feature
selection in complex machine learning models.

Counterfactual explanations

Counterfactual explanations reveal what should have been different in an instance to observe a diverse
outcome [22]. Given the situation when the human user failed to remove an obstacle, an example of a
counterfactual explanation can be: "If you have chosen to remove this rock together with me, we would
successfully remove it." Counterfactual explanations help users to predict the Al system’s behavior
better by requiring users to simulate two possibilities: the conjecture in which users successfully remove
the obstacle with the agent, and another possibility is the reality when the user did not remove the
obstacle with the agent, and failed [13].

Generating adequate and satisfactory explanations is a solid base for the next steps of explanation
communication and reception. With all these types of explanations, it would be essential for researchers
and XAI designers to choose or combine different types of explanations according to their study’s
contexts and goals.
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2.2.2. Explanation Communication

In the explanation communication phase, the form and the content of the explanation are considered
[52]. There are various possible forms of explanation, such as text, audio, images, videos, etc. Besides,
the content of explanations can be adapted to the context or personalized by the target user [3].

Adaptive Explainable Al

These adaptive XAl systems can be divided into two parts: user-aware XAl and context-aware XAI [3].
As the name indicates, user-aware XAl focuses on adapting to different users” behavior, personality,
etc. While context-aware XAI tends to take the whole environment into account. There is some overlap
between these two types of XAl since some of the context-aware XAl also take the user’s behavior and
personality into account [3].

Current research about adaptive XAI can be divided into two approaches. The first one is to study a
certain user factor and its relationship to the final performance. In this approach, studies can be done by
investigating the preference of groups of people for different explanation types, such as [36], or it can
be done by investigating the effect of XAI adapt to certain factors [70]. In contrast, the studies by [21]
[14] used the second approach that formulated a model trained by human personality or behaviors by
machine learning algorithms.

Expertise and Beginners
As we discussed previously in Section 2.2.2, there are several factors that explanations can be adapted
to. One of the factors that can be adapted to is the knowledge of human users. People with different
knowledge and expertise levels tend to perform tasks differently. The research of [16] designed a user
study to investigate how people’s domain expertise level affects their understanding of explanations
for a deep learning classifier. When interacting with an unfamiliar domain, participants experienced
greater difficulty accurately identifying correct and incorrect classifications. Their judgments of system
correctness and explanation helpfulness also changed, and response times were longer [16]. Another
study by [6] investigated how domain expertise influences the result of explanations of an Al decision-
supporting system. This experiment is designed in the scenario of chess playing, in which Al agents are
supporting possible moves based on the current situation. Results show that users with better domain
expertise work better with the explanation, however, this experiment did not have a time limit for users
to decide the next move, which indicates participants are performing the task without time pressure,
and they have enough time to make decisions after reading the reasoning explanation carefully.
Research also attempts to make use of knowledge level as a factor to adapt explanations to. For
example, [50] implemented a model that is adaptive to the user’s current knowledge level, and results
prove that adapting to the user’s knowledge level improved human-agent interaction. However, this
study does not focus on the generation of explanations, so explanation style is not explicitly discussed.
Among these studies related to expertise level, they all conclude there is a significant difference in
performance between experts and beginners.

Game Experience and Expertise

In the last section, studies based on the different domain-expertise levels are reviewed. In this section,
we discuss the similarities between game experience and domain expertise, and how to further relate
the research of domain expertise awareness XAl to game experience.

Several psychological studies show that people with game experience are better at processing
complicated information, and video game training enhances adults’ cognitive and perceptual ability
[68] [53] [65]. Green and Bavelier claimed that action video games promote the broadest benefits to
perceptual and attentional abilities [20].

Correlation between game experience and expertise
Frequently playing video games contributes to game experience, but does not necessarily guarantee one
to be an expert in video games. The relationship between game frequency and game expertise level is
not a simple positive correlation. [41] argues researchers should distinguish game experience and game
expertise carefully, as playing video games frequently does not necessarily mean being an expert in
playing video games.

There is also some literature discussing the relationship between cognitive and perceptual levels
and game expertise. Bailey et al. argue that people with more game experience are better at reactive
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cognitive ability, instead of proactive cognitive ability [5]. The study by [7] argues game expertise does
not guarantee better cognitive and perceptual ability as there is the possibility that a better cognitive and
perceptual ability results in being an expert in video games, instead of the other way around. Cognitive
and perceptual ability is more general than being an expert in video games. In other words, humans
with cognitive and perceptual abilities that are above average are supposed to perform better in video
games. In our case, we refer to game expertise as the ability that helps humans to be good at playing
video games, no matter what the relationship between game expertise and cognitive and perceptual
ability is.

2.2.3. Explanation Reception

Explanation reception reflects the explanation from the user’s perspective, it concerns how well the
user understands the explanation [52]. Researchers can conduct a user study to evaluate how well
the designed explanations are received by users. As mentioned by [3], most research in XAI tends to
use the researcher’s intuitions of what is a good explanation to design explanations, hence it is highly
motivated to evaluate the explanations using standardized methods. Some frequently measured factors
are trust, workload, explanation satisfaction, situation awareness, etc. [47] [70] [11]. In this section, we
will discuss several measurements in the explanation reception phase.

Trust

The work by [63] reviewed trust in Al, machine learning, and robotics, Siau et al. argued that trust is
dynamic, and can be viewed as a combination of beliefs in benevolence, competence, integrity, and the
willingness of the trustor to depend on the trustee in a risky situation [63].

There are various definitions of trust. [57] describes trust as a factor in increasing users’ confidence
in the system. The evaluation method of trust varies depending on the specific scenario and the
researcher’s preference. Different studies choose different evaluation metrics for trust. Some employed
questionnaires to evaluate users’ perceived trust, and some used objective metrics to measure trust in an
objective approach. Human behavior can be an objective factor that can reflect human trust in the agent.
As an example of using objective measurement, the experiment of [6] recorded whether the human
follows the Al agent’s advice or not to measure the user’s trust in the system.

Workload

Workload is a factor that is highly correlated to both the task performance and user experience. An
overloaded task can lead to a stressful experience, while an underloaded task can lead to boredom.
Both overload and underload can result in a decrease in task efficiency and performance. Measuring
workload not only helps to design a better task but also increases the efficiency and performance of
the task operators. In the context of XAI, most of the workload is about mental workload, instead of
physical workload. However, the mental workload of a task can be influenced by many factors and is
thought to be multidimensional and multifaceted, which leads to difficulties in measuring workload
definitively [10].

The study by [77] distinguished three categories to measure mental workload: measurement of task
performance, subjective reports, and physiological metrics. Some examples of physiological metrics
are: eye movement activity [2], electroencephalograph [38], cardiac-based assessments [29]. Though
physiological metrics can measure workload from an objective perspective, the requirement of wearing
the devices makes the measurements hard to implement. Besides, physiological metrics cost more
than the other two categories even though studies have tried to decrease their cost. Subjective reports
have been frequently used to evaluate mental workload due to their practical advantage and sensitivity
supported by current data [58]. Researchers also compared three commonly used evaluation methods
of subjective mental workload: the NASA Task Load Index (TLX), the Subjective Workload Assessment
Technique (SWAT), and the Workload Profile (WP), results show that WP bears the highest sensitivity
among these three methods, and NASA TLX shows the highest correlation with performance [58].

Explanation satisfaction

System satisfaction, sometimes named system preference is a subjective measurement, that is often
evaluated by questionnaires. The study by [57] claims an explanation system needs to satisfy users’
requirements and to make the system easier to use or increase user’s enjoyment. Explanation satisfaction
is the degree to which users feel that they understand the Al system or process being explained to
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them, and always measured posterior and contextualized [28]. The explanation satisfaction scale
provided by [28] includes eight perspectives to evaluate the explanation from the user’s perspective:
understandability, satisfaction, sufficient detail, completeness, usability, accuracy, and trust levels.

Explanation satisfaction is a straightforward measurement that evaluates the user’s likeness of the
explanation design. Measuring explanation satisfaction is crucial to judge the explanations according
to the explanation’s context, and a high explanation satisfaction level helps to enhance interactions
between humans and agents.

Other factors

Besides the factors we are interested in, there are some other factors that researchers found to be relevant
to XAL

Effectiveness Effectiveness is defined as the extent to help users make good decisions [57]. In other
words, this is evaluated by how effective the explanation helps the overall team performance.

Efficiency: Efficiency is correlated with response time. In [57], efficiency is described as the factor to
helps users make decisions faster. In the context of HAT, efficiency can be measured by idle time, the
response time of accepting or rejecting the agent’s decision, etc.

Situation Awareness: Research about cognitive engineering referred to situation awareness as a
mental model of the current state of the environment [15]. Situation awareness is defined into three
levels: perception of the elements in the environment, comprehension of the current situation, and the
projection of the near future status [15].

Transparency: Transparency describes how the explanation helps to explain the internal reasoning
function of the system. It is considered to contribute to increasing users’ trust in the system[57].
However, transparency cannot be completely perceived by users. Hence, a subjective way of measuring
transparency is the perceived transparency, it is based on users’ perception of how good the explanation
is explaining the internal logic [57].

Although these factors might be affected by the explanations in XAI, some of those factors are more
relevant to a decision-support system instead of a human-agent teamwork context, and the other of
them do not fit well in our research question, so we will not consider them as measurements in this
study.

2.2.4. Explanations in Human-Agent Teamwork
After reviewing some related literature about HAT and XAI, now we will focus on some user studies
that explicitly investigate the effect of explanations in HAT. The study by [55] investigated the effect
of XAl on situation awareness in human-machine teaming. The results found that the benefits of XAl
are not universal, instead, novices achieved a higher situation awareness with explanations, while the
performance of experts decreased with explanations [55]. Studies by [11], [47] investigated the effect of
transparency level on HAT, with a result of increasing the information in explanations also increased
user’s subjective trust in the agent and task performance in HAT. However, the study by [70] did not
find increasing transparency level in explanations has an effect on trust.

Though there are user studies investigated the effect of different transparency levels on HAT, there
remains a gap in understanding whether video gaming expertise level can be a factor that affects user’s
experience with XAl in HAT.



Task design

With the knowledge of the background and related work in this field, we know that explanations
generally help with human-agent teamwork, and expert gamers have better abilities to process more
information at the same time. To investigate the effect of the amount of information in explanations,
we first need to design two search and rescue tasks that provide explanations with either less or more
information. Since we are comparing the amount of information, the only difference between these
two tasks should be the amount of information in the explanation provided by the agents. Hence, in
our experiment, we need to design two agents providing less info and more info explanations. The main
teaming tasks that humans and agents collaborate on should be the same.

3.1. Task design

We designed a 2D collaborative game-like search and rescue task to simulate the scenario in which
humans and agents work in a team. During the task, participants are supposed to collaborate with an
XAI agent to rescue victims in the environment. There are two agents involved in this task: the XAI
agent and the human agent, which are represented by the icons in Figure 3.1. The XAl agent is designed
to work autonomously, while the human agent is controlled by the participant.

(a) Human (b) Agent carry alone together

Figure 3.1: Icons

3.1.1. Environment

The task environment for the human’s view is illustrated in Figure 3.3 and an example of god view is
Figure 3.4. During the experiment, participants can only see and work in the human’s view. The left side
of the human’s view is the map, and the right side is the chat box. During the task, the participant needs
to collaborate with the agent on searching for and rescuing victims in the map. To achieve teamwork,
the participant needs to monitor the chat box in order to communicate with the agent and be aware of
the situation of the agent.

There are two types of rooms in this environment: normal rooms and the safe zone. Each normal
room contains at least one victim, and is referred by its room index, for example, the room at the top left
corner is referred as "A1". The safe zone is located at the bottom right of the environment, with an entry
of dark green.

In the environment, two types of objects can be manipulated by both human and agent: obstacles and
victims. Both obstacles and victims can be manipulated by the agent alone, the human alone, or both
two together. The time and possibility for each action depend on the interdependence requirements.

10
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Once a victim is grabbed, it is only possible to drop him/her in the safe zone. There are 3 types of
obstacles that can be removed: small rock, large rock, and tree. There are also 3 types of victims to be
rescued: healthy victims, injured victims, and critically injured victims.

There are three maps involved in the whole experiment: a map for the tutorial, a map for the first
task, and a map for the second task. We are using different maps to avoid participants memorizing
them. The maps for the first and second tasks contain the same number of rooms and victims. There
are 5 small rooms with 4 tiles, 11 medium rooms with 8 tiles, and 2 large rooms with 16 tiles. There are
25 victims to rescue in each task: 8 healthy victims for 1 point each, 12 injured victims for 3 points each,
and 5 critically injured victims for 6 points each. Hence, the highest score that a participant can get is 74.
Each row of the rooms contains one critically injured victim, and each room is blocked with an obstacle
by default. There are no empty rooms without victims, so once a new obstacle is removed, the team can

find at least one victim in that room.
! w

(a) small (c) large
rock (b) tree rock

Figure 3.2: Obstacles

d MATRX G - Grab | Q - Drop | R - Remove | C - Grab Together | P - Remove Together [N v Py

Score: 0

Chats

Global SarBot: Hello, my name is SaR bot, together we are going to

do a search and rescue task in this 2D world. The goal of

+ this task is to get the highest score. Now you are at the top
left corner of this world, and | am at the bottom right corner.
We have 8 minutes to do this task. Once the task is started,
it cannot be paused. If you understand everything | said, and
are ready to start the task, you can click the Ready button.

Type a message..

EICAE

Figure 3.3: Human view
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MATRX Core version: 2.3.1 ,

Figure 3.4: god view

3.1.2. Interdependence Analysis

To create the need for communicating via explanations in the task, we need to foster interaction between
the two agents. In this section, we introduce the interdependence analysis of the task as a base to
identify the information needed in the explanations. Interdependence can be divided into soft and
hard interdependence. As the name implies, soft interdependence means that it is not mandatory to
collaborate, but hard interdependence means teammates have to work together on that sub-task.

To simulate a real-world scenario and allow some flexibility, each of the two agents has the capability
to work independently on specific tasks. Besides, to emphasize teaming, the two agents also need to
collaborate on some tasks. To foster collaboration in the team as much as possible, we set different
capabilities for the XAl agent and human. For soft interdependence, when actions are performed by
both two agents instead of alone, the required time is reduced. For hard interdependence, the two agents
have to collaborate if they want to work on the task. These capabilities are listed in Figure 3.5. The color
coding in the table represents the extent of the ability to perform a certain task. Green represents the
ability to do the task confidently. Yellow means it is possible to perform the task independently, but
collaborating improves efficiency (i.e., soft interdependence). Orange represents this team member
cannot execute the task alone (i.e. hard interdependence).

By separating the capabilities, if the agent and human want to perform a certain action, they will
request each other’s help. For example, when the human finds a large rock, he/she will have two
options: ask the agent for help; or skip this large rock that cannot be removed alone, and search for
another goal. From the perspective of the agent, if the agent encounters a situation with soft or hard
interdependence and wants to request collaboration from the human, it is time for the agent to at least
explain the situation.
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. : . i team members
tasks hierarchical sub-tasks required capabilities
agent  human
able to move around
locate an obstacle .
recognize an obstacle
assess the obstacle type
remove a small rock
strength to remove the small rock
assess the obstacle type
search remove a large rock
strength to remove the large rock
assess the obstacle type
remove a tree
strength to remove the tree
. recognize victim
search for survivor
locate victim
recognize injury severit
assess the injury g iy . Y
ability to carry victim
rescue transfer to safe zone recognize the path to safe zone
strength to execute rescue healthy victim
rescue survivor strength to execute rescue injured victim

strength to execute rescue critically injured victim

Figure 3.5: Interdependence analysis table

Given the interdependence analysis, the search and rescue task can be decomposed into several
sub-tasks, which help us to determine the time to provide explanations during the teamwork, and also
give us a general impression of what kind of information is needed to explain during the teamwork.

3.1.3. Agent Behavior

During the task, the agent avatar runs based on the programmed agent brain. The agent is able to move
around in the environment. When the agent finds a new obstacle or victim, it will send the human an
explanation about the situation. The agent then waits for the human’s reply for the next move. For soft
interdependence, if the human agrees to collaborate, the agent will stay at its current location to wait for
the human. If the human rejects to work together, the agent will start to work independently on the
sub-task. For hard interdependence, if the human rejects to work together, the agent will find the next
sub-task to work on. A detailed workflow for the agent can be found in Figure 3.6.
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Figure 3.6: Agent working process

Based on the interdependence setting in Figure 3.5, we set the action duration for the agent’s action

as in Table 3.1.
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Table 3.1: Agent’s action duration

Action Duration
Remove small rock alone 2.5 seconds
Remove large rock alone 15 seconds

Remove large rock or tree together with human 5 seconds
Grab a healthy victim alone 5 seconds
Grab a medium victim alone 15 seconds

Grab medium or critical victim together with at once
human

When the agent is providing an explanation for soft interdependencies, the agent first checks the
distance with the human. If the distance between the human and the agent is less than 10 seconds’
move and the human is not busy with some action, which saves time working together, then the agent
will suggest collaborating. If the distance is too far to save time, the agent will suggest working alone.
For hard interdependence, the agent will always suggest working together because it is not able to work
independently.

When there are 3 minutes left for the task, the agent will send a countdown message every minute to
remind the human. After the task is completed, the agent will send a message to tell the human how
many victims they have rescued.

3.2. Human Behavior

The human avatar is controlled by human participants. Humans can move around with W-A-S-D keys
or the four arrow keys. Besides moving, the other possible actions for humans are listed as follows:

e G: Grab a victim alone

C: Grab a victim together with the agent

* R: Remove an obstacle alone

¢ P: Remove an obstacle together with the agent
¢ Q: Drop a victim

Except for the moving actions, the other keyboard actions are listed at the top of the task interface.
During the task, the human can perform possible actions according to requirements or their own
strategies. However, for each action, there are some restrictions due to the interdependence design in
Figure 3.5 and common sense. The restrictions are listed below:

¢ G: can only grab one victim at once, victims can only be grabbed within one block away

¢ C: distance between the human and the agent should be less than one block; both human and
agent are not grabbing victims when this action is performed

R: obstacles can only be removed within one block away

P: distance between the human and agent is less than one block

Q: human has one victim when performing this action, and victims can only be dropped into the
safe zone

When the human performs actions, it also takes a different time duration as described in Table 3.2.
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Table 3.2: Human’s action duration

Action Duration
Remove small rock alone 2.5 seconds
Remove tree alone 15 seconds

Remove tree or large rock together with agent 5 seconds
Grab a healthy victim alone 1.25 seconds
Grab a medium victim alone 3.5 seconds

Grab medium or critical victim together with at once
human

In the environment, the human can always see the border of rooms and safe zone, but cannot always
see the agent or the victims. The human can only perceive the agent within 3 blocks, and can only
perceive obstacles or victims within 1 block. This is designed to increase the difficulty of the task,
and also encourage participants to keep an eye on the explanation from the agent. Otherwise, if the
human can always see the agent’s location, then most of the time, it is not necessary to read the agent’s
explanation.

3.3. Explanation Design

To investigate the impact of explanations containing less/more information on different expertise
levels, we need to design two types of explanations: explanations with less information, and ones with
more information. In this study, we refer to the explanations containing less information as less info
explanations and the ones with more information as more info explanations.

Although in 2.2.1 we have discussed the behavior of asking for an explanation is contrastive, it is
hard for us to design a contrastive explanation because we are unlikely to know every participant’s
hypothesis and their 'why not’ questions in this task. However, one of the main goals of explaining is to
transfer knowledge to clarify others” doubts. Due to the human’s limited vision in the task design, it is
necessary to provide the agent’s current location and situation in teamwork.

Less info explanation

According to the hypothesis, beginners with less expertise level would work better with explanations
that include less information due to their relatively lower cognitive ability. Less info explanations should
only contain the necessary information to maintain teamwork. Based on the task, when the agent
provides an explanation, it needs to include the current situation and the agent’s suggestion for the
next action. Otherwise, the human cannot be aware of the agent’s situation, and cannot know what the
agent suggests to do in the next step. Explaining the situation helps humans to understand the agent’s
location and its new findings. Providing suggestions helps to foster teamwork by providing a decision
plan. Two examples of less info explanations on soft and hard interdependencies are presented in Table
3.3 and Table 3.4.

Table 3.3: Less info explanation for soft interdependence

Category Explanation
Situation I found a large rock in room X.
Suggestion I suggest to remove it together instead of alone

(remove it by myself).
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Table 3.4: Less info explanation for hard interdependence

Category Explanation

Situation I found a tree at room X.

Suggestion I suggest you come here and we remove it to-
gether.

More info explanation

More info explanations are assumed to be more satisfactory to the experts. To provide an explanation
that conforms to the task, we designed more info explanations accordingly instead of following a specific
style described in Section 2.2.1. First of all, since less info explanations contain the necessary information
for the task, more info explanations should contain the information in less info explanations. The task
interdependence setting involves soft and hard interdependencies, so more info explanation can also
be divided into two styles based on the interdependence of the scenario: explaining ‘why” for soft
interdependence, and explaining "how’ for hard interdependence.

An example of soft interdependence is when the agent found a large rock, which can be removed by
the agent itself, but would be faster to work together with a human. Besides explaining the situation
and suggestion as in less info explanations, the agent also explained the reason why it made a suggestion
to work together or alone. In soft interdependence, the agent suggests whether working together or not
depends on the distance between the human and the agent. If the human is too far away from the agent,
the time saved by working together cannot compensate for the time that the human comes over, the
agent will suggest to work on the task alone. Hence, when the agent explains the ability, the explanation
is based on soft interdependence.

Table 3.5: More info explanation for soft interdependence

Category Explanation

Situation I found a large rock at room X.

Ability I am able to remove it myself, but it would be
quicker (slower) if we remove it together.

Reason It would save (waste) x seconds if we work
together.

Suggestion I suggest to remove it together (not remove it

together) instead of alone.

Following action If you agree, I will stay here and wait for you.

For the agent, hard interdependence can be when it finds a tree that cannot be removed alone. In the
scenario of hard interdependence, the agent’s ability is restricted and requires other teammate’s help,
hence the agent’s ability is one of the reasons for the agent’s suggestion. The agent also provides the
following action to explain "how’ to do the next step. When designing the more info explanations, we
also tried to provide a specific method to further explain the "how’, such as providing an optimal path
from the human to the agent, or reminding humans which key can perform a specific action. However,
given the task design, it seems unnecessary to provide such explanations. A more info explanation for
hard interdependence is listed in Table 3.6.
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Table 3.6: More info explanation for hard interdependence

Category Explanation

Situation I found a tree blocking room X.

Ability /Reason I am not able to remove it myself.

Suggestion I suggest you come here and we remove it to-
gether.

Following action If you agree, I will stay here and wait for you. If
you disagree, I will keep searching for the next
obstacle.

To summarize our explanation design, less info explanations provide the necessary information to
maintain the teamwork between the human and the agent, while more info explanations provide more
reasoning information to support the agent’s decision.



Evaluation Methodology

After we have designed tasks and explanations containing less/more information in the last chapter, an
experiment containing game-like search and rescue tasks is designed and conducted. In this section,
the methodology of the experiment and its evaluation are described.

4.1. Hypothesis

The independent variables are the ones being controlled during the experiment. Given our research
question, there are two independent variables in this study: the first one is the level of expertise; and
the second one is the amount of information in the explanation, specifically in our study, less or more
information. The dependent variables are those that are assumed to be affected by manipulating the
independent variables, hence three dependent variables are objective task performance, subjective trust,
and subjective explanation satisfaction. In this study, we consider subjective workload as a mediating
variable, which can be affected by the two independent variables, and may also have an impact on
dependent variables.
The conceptual model in Figure 4.1 shows the relationship between the variables.

Less/more information

. . Subjective workload |
in explanation

Level of expertise Performance

Trust

(J Independent variable
() Dependent variable

Explanation satisfaction

Figure 4.1: Conceptual model

Based on our research questions and background knowledge, three hypotheses related to the
conceptual model are listed in Table 4.1, Table 4.2, and Table 4.3.

Table 4.1: Hypothesisl

Null hypothesis (HO) Alternative hypothesis (H1)

Explanations with less or more information do  Providing explanations with more information

not make a difference for people with different can increase performance, trust, and explana-

gaming expertise levels. tion satisfaction for expert gamers, while ex-
planations containing less information increase
performance, trust, and explanation satisfaction
for beginners.
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Table 4.2: Hypothesis2

Null hypothesis (HO) Alternative hypothesis (H1)

The amount of information in an explanation The amount of information in an explanation has
does not influence subjective perceived work- an effect on the subjective perceived workload.
load.

Table 4.3: Hypothesis3

Null hypothesis (HO) Alternative hypothesis (H1)

Subjective workload does not influence the HAT = Subjective workload has an effect on the HAT
performance performance.

4.2. Pilot

To pre-investigate our experiment design, a pilot study was implemented before the formal experiment.
Five participants were involved in the pilot study and provided feedback on the game design and the
open-question design. Two of these five participants were self-reported video game experts, while the
other three did not often play video games.

The questionnaire after the tutorial is added after the pilot study. In the pilot, one of the participants
mentioned that the questionnaire after the first task seemed to be a hint to the second task. Hence, we
added a simplified questionnaire after the tutorial, in order to make the results of the two questionnaires
after the two tasks equally biased. Since the questionnaire after the tutorial is not relevant to the research
questions, these answers are not analyzed in this study.

The pilot study showed some flaws in the game design and open-question design. Four out of five
participants mentioned they would like to receive a response from the agent. Once the human sends
the agent a message, the agent should send the human a simple reply. Otherwise, participants would
not know whether the agent received their message or not. During the pilot study, there was no ceiling
effect in the self-reported expert group and the beginner group.

4.3. Participants

Participants of this study were recruited by personal connection and online advertisement. Since this
study requires participants to interact with the agent in English, all participants are required to have a
similar comprehension level of English. Besides, to make the results unbiased as much as possible, we
did not specify game expertise or require specific game expertise levels during recruiting. The following
section describes the demographic data of the participants.

4.3.1. Demographic data

In the experiment, every participant is doing the same thing, the only difference is the order of the two
tasks to mitigate the learning effect. So in the demographic data, we divide them into two groups by the
order of performing the two tasks. Groupl first plays with the agent providing less info explanations,
and group? first plays with the agent that provides more info explanations. To make sure there is no
significant effect of the order of tasks on the task score, the division between groupl and group2 will only
be used to check whether there is a significant difference between less info task and more info task on the
task scores. The number of participants in each group is 21.

Age range

The bar plot of the age range between the two groups is visualized in Figure 4.2. The age range is
divided into 4 groups: 18-21, 22-25, 26-29, 30 or above. After the experiment with all participants, there
is no participant falls into the age range of 18-21. Thus, we discarded this group in the visualization.
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Figure 4.2: Age range distribution of two groups

To check whether there is a significant difference between the age distribution of the two groups,
we performed a Mann-Whitney U test on the age distribution of the two groups. Based on the results
(statistic=2.0, p-value=0.369), there is no significant difference in age range.

Gender

The bar plot of gender distribution between two groups is visualized in Figure 4.3. In the questionnaire,
the gender of the participants is divided into 4 groups: ‘male’, ‘female’, ‘"non-binary’, and "prefer not
to say’. None of the participants reported gender as non-binary. Thus, we discarded the 'non-binary’
group in the visualization.
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Figure 4.3: Gender distribution of two groups

We performed a Mann-Whitney U test on the gender distribution of the two groups. Based on the
results (statistic=3.0, p-value=0.7), there is no significant difference in the gender of the two groups.

Educational level

The educational level is classified into four groups: "High school or equivalent’, ‘Bachelor’s or equivalent’,
"Master’s or equivalent’, 'PhD or equivalent’. According to the results, none of the participants’
educational level is "High school or equivalent’. Thus in the visualization of Figure 4.4, we discarded
the "High school or equivalent group.
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Figure 4.4: Educational level distribution of two groups

We performed a Mann-Whitney U test on the educational level of the two groups. Based on the
results (statistic=3.0, p-value=0.7), there is no significant difference in the educational level of the two
groups.

Game frequency

In the questionnaire, the answer for game frequency is designed as a slider, with 5 markers: never,
several times a year, several times a month, several times a week, and every day. These five frequencies
are represented by 0, 25, 50, 75, and 100 respectively. When we processed the data, we classified the
values into four groups by their values. Frequency values falling into 0-25 are classified as ‘less than
several times a month’; '26-50" is ‘several times a month’; '51-75’ is “several times a week’; and '76-100" is
‘almost every day’. The self-reported game frequency of the two groups is visualized in Figure 4.5.
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Figure 4.5: Game frequency distribution of two groups

We performed a Mann-Whitney U test on the self-reported game frequency of the two groups. Based
on the results (statistic=4.5, p-value=0.381), there is no significant difference in the self-reported game
frequency of the two groups.

4.4. Measurements

Since we are interested in the user experience of the explanations containing less or more information,
we used subjective measurement to assess the dependent variables (workload, trust, explanation
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satisfaction). However, only relying on subjective measurement itself may not fully reflect what
happened during the experiment. To address this problem, except for the subjective measurements, we
collected some data as objective measurements during the experiment as well. In the following sections,
we will first introduce the subjective measurements and questionnaires used in this study, and then
explain the objective measurements.

4.4.1. Subjective Measurements
We measured subjective workload, trust, and explanation satisfaction separately with three different
questionnaires. The details of the three questionnaires will be explained in the following sections. The
questionnaire is attached to Appendix C.

Subjective workload

Workload can be a mediating variable between the amount of information and team performance, trust,
and user satisfaction. To investigate the effect of workload, we measured subjective workload by the
questionnaire from the NASA workload TLX [27]. In the TLX, subjectively perceived workload was
measured in six dimensions: mental workload, physical workload, temporal demands, frustration
level, effort, and performance [27]. Each dimension is measured by one question, with six questions in
total. The full NASA workload TLX contains a pairwise comparison to weigh the six dimensions by
participants’ subjective importance. However, there is a study that supports the TLX without a pairwise
comparison might increase experimental validity more than the full one. To avoid a burdensome
questionnaire, in this experiment, we used the "Raw TLX" instead of the full one.

Explanation Satisfaction

Explanation satisfaction is a posterior judgment that is evaluated by system users to measure the degree
to which users feel they sufficiently understand the Al system [43]. Hence, comparing explanation
satisfaction to different explanations can be an explicit method to evaluate users’ preferences for different
explanations. To investigate the explanation from the user’s perspective, we used the questionnaire from
[43] to measure the explanation satisfaction. There are seven key attributes of explanation satisfaction in
the questionnaire provided by [43]: understandability, the user’s feeling of satisfaction, the sufficiency of
detail, completeness, usefulness, trustworthiness, and accuracy. Each key attribute is measured by one
question in the questionnaire. In this experiment, the explanation is the messages sent by the agent, so
in the questionnaire, we rephrase "explanation” to "the messages from the bot". Participants’ responses
were collected by a 5-point Likert scale.

Trust

As we mentioned previously, trust can have an effect on the result of teamwork as well. In this study,
we are only measuring subjective trust, and we used questions from [43] to measure users’ trust in
the agent. The whole questionnaire contains eight questions. The first five questions ask participants
directly whether they are confident in the XAI system, and whether the XAI system is predictable,
reliable, efficient, and believable [43]. The last three questions are adopted from other trust scales,
and ask whether participants are wary of the XAl system, whether participants think the system can
perform better than novice humans, and to what extent would participants like to use the system for
decision-making. To adapt the questionnaire to our context, "XAI system" was rephrased to "SAR bot".
Participants’ responses were collected by a 5-point Likert scale. The sixth question measures trust in a
reverted method, and the higher the score it gets, the lower trust participants perceived. Hence, before
analyzing the results, the answers to the sixth question will be reversed.

Open questions

To collect feedback and other subjective opinions, we also provided 6 open questions regarding
participants’ suggestions for the explanation and the task. The first open question asks the participants’
subjective preference for the two agents. If there is a preference for one of the agents, participants need
to provide a reason for that. The second question collects participants’ subjective strategies in the tasks.
The third and fourth question asks participants’ subjective perceived idea of how many explanations
they read after the countdown message and in the overall task. The fifth and sixth questions ask for
participant’s feedback and suggestions for the explanation and task design. The last two questions are
not mandatory.
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4.4.2. Objective Measurements

The objective measurements were measured both explicitly and implicitly during the experiment. When
participants were performing the tasks, the team score was displayed at the top left corner of the
interface, so they could always check their current team score. Besides, the intermediate data of whether
humans sent messages or performed any actions in every tick was also logged implicitly during the task.

Team Performance

Since this study mainly focuses on how well participants perform in the context of human-agent teaming,
the individual performance of the human or the agent was not considered. The overall performance
was measured by the final task score of the team. The minimal score that a team can get is 0, which
means did not successfully rescue any of the victims, and the maximal team score is 74, implying the
team has successfully rescued all of the participants. This also helped to foster the collaboration of the
whole team, instead of team members competing with each other for a better individual score.

Activity Level

Besides the questionnaire, we also collected participants’ log data while performing the task. The time
when participants sent a message to the agent and the time when participants performed certain actions
are collected by log data during the experiment. Due to the soft interdependence of the task, when
participants work on the task, they can choose their own strategy to some extent.

The response time is the time when the agent waits for human’s response to the last message. To
avoid the influence of duplicate messages from humans, we only count the messages from humans after
the agent already sent a message. Another variable that can reflect the activity level during the task is
idle time. We measured idle time as the time when participants did not take actions of moving around,
sending messages to the agent, and waiting for the current action to complete. Hence idle time can be
interpreted as a measurement of how participants were focused on the task. The smaller the idle time is,
participants tend to be more focused on the situation in the task. The last variable that is related to the
activity level is total moves, which calculated how many tiles the human walked through during the
task.

4.5. Hardware and Software

There are several materials used in task design and the questionnaire. The task environment and
the agent are designed by MATRX, a library for human-agent teamwork based on Python !. MATRX
provides several basic features for HAT design. The questionnaire is designed in Qualtrics 2, an online
questionnaire designing tool. The task is run on a MacBook Pro. Both the task and the questionnaire
are displayed via the Google Chrome browser.

4.6. Experiment Procedure

The procedure of this experiment is illustrated in Figure 4.6. The whole experiment takes around 30-40
minutes, depending on the time that participants spent on the tutorial and questionnaire. After the
participant arrives, the instructor requests the participant to read and sign the consent form in Appendix
B. If the participant has any questions related to the experiment procedure, the instructor will answer
them, and then the experiment starts.

The participant will first be requested to fill in the demographic data and finish the tutorial. During
the tutorial, the agent introduces the rules and abilities by sending messages to humans. The texts
displayed in the tutorial are presented in Appendix A. After the introduction of all possible actions,
there will be a 3-minute mock task to simulate the actual task later. The aim of this mock test is two-fold.
Firstly, participants can get used to the workflow of the agent, and try to learn about the environment as
much as possible. This helps to keep the surge of learning effect within the tutorial. Secondly, this mock
test is an implicit measurement of gaming expertise level. Once the tutorial is finished, participants will
answer a short questionnaire regarding the SAR bot in the tutorial.

After the tutorial, participants will have a basic understanding of the rules of the tasks, they will
finish two game-like search and rescue tasks with two XAl agents: less info agent, and more info agent.
Every participant will finish two tasks in the experiment, the order of these two tasks is randomized to

IMATRX: https:/ /matrx-software.com/
2Qualtrics: https://www.qualtrics.com/
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avoid the learning effect and the influence of first impressions. Each of these two tasks is followed by a
questionnaire regarding the agent and the workload of the specific task. Once the two tasks are finished,
participants will fill in six open questions about the overall experience and feedback. After the feedback
session, the experiment ended.

counterbalanced
beginner p/ \
. \ questions . .
demographic . . first mid- second second post-study and
. tutorial [— about [—{ firsttask — —>1 > . .
questions test task mid-test open questions

tutorial
expertise/‘

Figure 4.6: Experiment procedure

4.7. Analysis

After we collected all the results, we used Python and R to analyze the data. The statistical analysis was
performed by Python and statistical libraries: scipy, numpy, pandas, math, csv. The visualization of
boxplots was implemented by Python’s library Matplotlib and ggplot2 from R. The two-way mixed
ANOVA was performed by anova_test() function from rstatix package, and the nonparametric mixed
ANOVA was performed by nparLD package. The regression analysis was implemented via R and
libraries Im, gvima.



Results

Given the data collected from 42 participants, in this chapter, we will focus on presenting and analyzing
the results of the experiment.

5.1. Order effect and learning effect

Our experiment was designed in a counterbalanced method, in which all participants need to complete
both less info and more info tasks, but the order of the two tasks is randomized. After we collected data
from all participants, we first needed to make sure the order of the two tasks did not make a difference
in the task performance, and that participants’ learning effect during the two tasks was not significant.

Order effect

To test whether there is a difference between the order of the two tasks, we first tested the distribution of
the two tasks in Group 1(first completed less info task) and Group 2 (first completed more info task). Both
of the scores in the two groups are normally distributed. Then we did two t-tests to test the difference in
less info and more info task scores. There are no significant differences between group 1 and group 2 in
both less info (statistic=0.547, p-value=0.586) and more info (statistic=0.889, p-value=0.378) tasks, so we
can infer the order of the two tasks has no significant effect on the task scores.

Learning effect

To check whether there is a learning effect in the two tasks, we also compared participants’ task scores
in their first task and their second task. Since the task scores from two tasks are measured from the
same population, and both the two task scores did not violate normal distribution, we performed a
paired samples t-test to test the difference. The results did not show a significant difference between
the first task and the second task scores (statistic=1.569, p-value=0.124). Hence, we did not observe a
significant learning effect between the first task and the second task performed by all participants.

5.2. Division of experts and beginners

To answer our main research question, we first need to divide all participants into different expertise
levels. There are several metrics that can be used to divide expertise levels, the most explicit one
is the tutorial’s task score. Since the mock task in the tutorial is the first task that participants
performed without any training, we first checked whether the mock task score itself can be used to
divide participants. However, the mock task score is either not normally distributed (Shapiro-Wilk
p-value=0.013) or not initially clustered into several groups, so it is not ideal to divide participants only
by mock task score.

Though we collected participants’ self-reported game frequency as demographic data, it may be
affected by participants’ bias and hence does not always reflect objective expertise. The Pearson’s
correlation score between self-reported game frequency and the total score of three tasks is 0.203. We
also visualized a scatter plot Figure 5.1 of self-reported game frequency and the total score from three
tasks. Since we believe expertise should not only be focused on self-reported data but also on objective
performance, we choose not to use self-reported game frequency itself to divide expertise levels. Task

26



5.2. Division of experts and beginners 27

performance can be an objective factor in distinguishing beginners and experts, but in this research,
task performance is one of the dependent variables that we are going to observe, hence cannot mix task
performance with expertise levels.
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Figure 5.1: Self-reported game frequency and total score

The ones who play video games more often tend to obtain more knowledge of video games, while
those who play video games less often may not be experts in video games. According to the data we
have collected, we decided to use both self-reported game frequency and tutorial task score to divide
expertise levels. The self-reported game frequency can be seen as a subjective factor that reflects the
participant’s experience in video games, and the tutorial score is an objective factor that represents how
well the participant performed the task right after we explained the rules of the task.

After we plotted a scatter plot of participants’ game frequency and their tutorial score, we first tried
to use K-means clustering to divide all participants into two or three expertise levels. However, the
nature of the data we collected cannot be clustered into several sensible clusters, so we exclude this
method. After considering some possible division methods, we chose to simply divide participants
using the mean of game frequency and the tutorial score. We first calculated the average self-reported
game frequency and the average tutorial score from all participants. To make the division more reliable,
we applied a 10% interval around the mean frequency and scores instead of using the mean value for a
rigid division.

The table in 5.1 listed the details of how participants were divided into three expertise levels. The
division can be visualized in Figure 5.2. The general idea of this division is that beginners are the ones
who are neither not frequent gamers nor perform below average in the tutorial. The experts are the
ones who are both frequent gamers and also performed better than average in the tutorial. The only
exception is that there are two participants who exhibited excellent performance in the tutorial but did
not classify themselves as frequent gamers. Due to their exceptional tutorial scores, we also categorized
these two participants as experts. The remaining participants were counted as intermediate level. After
this division, we get 14 beginners, 16 intermediate gamers, and 12 experts.

Table 5.1: Details of participants’ division

Expertise levels  self-reported game frequency tutorial score
Beginner lower than 10% of mean lower than 10% of mean
Intermediate higher than 10% of mean lower than 10% of mean

falls in mean - 10% and mean + 10% falls in mean - 10% and mean + 10%
Expert higher than 10% of mean higher than 10% of mean

lower than 10% of mean higher than 10% of mean




5.3. Effects of expertise levels and information amount 28

beginner
100 4 intermediate 2 &0
® expert
@ a4
80 " &l
29 32 58
> 601 s
(=]
3 4
16
g 18 5 g 1648 g2 4
£
L7
£
]
o 40 -
. 12
3801 28 L, 6 &>
20 |
10 g
20 43
27
ol @2 13 20 &
. : : : ‘ : : :
0 5 10 15 20 25 30 35

tutorial score

Figure 5.2: Division of different expertise levels

5.3. Effects of expertise levels and information amount

After dividing participants into three expertise groups: beginners, intermediate, and expert gamers,
we can investigate the effect of expertise levels and information amount on subjective workload, task
performance, trust, and explanation satisfaction. Both expertise levels and information amount are
transferred into categorical variables in the data frame. For further analysis, less info task is coded as 0,
and more info task is coded as 1. For three expertise levels, beginners are coded to 0, participants in the
intermediate level are coded to 1, and experts are coded to 2.

Based on the conceptual model in this study, there are two independent variables, with one within-
subject and one between-subject variable, a two-way mixed ANOVA or a non-parametric equivalent test
is conducted according to the data distribution. In the following sections, we will first check the data
distribution, and if it satisfies the requirements for ANOVA, we will conduct the ANOVA, otherwise, a
non-parametric equivalent ANOVA will be performed instead.

5.3.1. Subjective workload

The distribution of workload in less info and more info tasks of three expertise levels are visualized in
Figure 5.3. The distribution of subjective workload has four outlier, hence a non-parametric mixed
ANOVA is performed to check the effect of information amount and expertise levels on workload. The
results of ANOVA are presented in Table 5.2.
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Figure 5.3: Interaction plot of the effect of information amount and expertise levels on subjective workload

Table 5.2: ANOVA result of workload

Effect Statistic df )

expertise level 1.077 1.994 0.340
information amount 0.001 1.00 0.980
expertise level : information amount 1.468 1.969 0.231

5.3.2. Expertise levels and task performance

As the metric of task performance, the task score’s distribution is visually presented in Figure 5.4.
During the two-way mixed ANOVA assumption check, there are 8 outliers in the task score. To provide
a robust result, we chose to use a non-parametric mixed ANOVA even though the data satisfied the other
prerequisites. The results of ANOVA are presented in Table 5.3. Neither expertise levels nor information
amount presented a significant result, and we did not find a significant effect of the interaction of these
two variables. Hence, we did not perform post hoc analysis.

Table 5.3: Nonparametric mixed ANOVA result of task performance

Effect Statistic  df P
expertise level 2.112 1.957 0.122
information amount 0.003 1.000 0.957

expertise level : information amount 0.869 1.794  0.409
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Figure 5.4: Interaction plot of the effect of information amount and expertise levels on task score

5.3.3. Expertise levels and explanation satisfaction

The distribution of explanation satisfaction is visualized in Figure 5.5. The data violated the assumption
of the normality distribution in two-way mixed ANOVA and has three outliers. Hence, a non-parametric
mixed ANOVA is performed instead. The results of non-parametric mixed ANOVA are presented in
Table 5.4. None of the expertise level, information amount, or the interaction of these two variables has
a significant effect on explanation satisfaction.
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Figure 5.5: Interaction plot of the effect of information amount and expertise levels on explanation satisfaction
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Table 5.4: Nonparametric mixed ANOVA result of explanation satisfaction

Effect Statistic  df p

expertise level 0.395 1.885 0.661
information amount 1.377 1.000 0.241
expertise level : information amount 0.965 1.782 0.373

5.3.4. Expertise levels and trust

The data distribution in trust is visualized in Figure 5.6. The data in trust violates the normality
assumption of two-way mixed ANOVA, hence we use a non-parametric equivalent ANOVA to compare
the effect of information amount and expertise levels on trust. The statistical results are presented in
Table 5.5. Neither of the main effects of expertise level and the information amount, nor the interaction
effect is significant.

Table 5.5: ANOVA result of trust

Effect Statistic  df p
expertise level 0.333 1.996 0.717
information amount 0.500 1.000 0.480
expertise level : information amount 2.688 1.478 0.084
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Figure 5.6: Interaction plot of the effect of information amount and expertise levels on trust

5.3.5. Activity level

After we did not find significant results in dependent variables: workload, performance, trust, and
explanation satisfaction, we would like to further analyze the internal process of the experiment by
analyzing the participants’ total moves, idle time, and response time during the tasks. The distribution
in these three variables is visualized in Figure 5.7.

Response time
The response time is calculated by how much time it takes participants to reply to the agent’s messages.
A non-parametric mixed ANOVA was performed to investigate the effect of information amount and
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expertise levels on response time. Though the results did not show a significant effect for further
analysis, in Table 5.6 the p-value of the effect of expertise level on response time is marginally significant.

Table 5.6: Nonparametric mixed ANOVA result of response time

Effect Statistic  df p

expertise level 2.927 1.982 0.054

information amount 2.529 1.000 0.112

expertise level : information amount 0.446 1.947 0.635
Idle time

The idle time is the time when participants were either not moving or not working on an action. A
non-parametric mixed ANOVA was performed to investigate the effect of information amount and
expertise levels on idle time. The results did not show significant effects of information amount, expertise
levels, or the interaction between these two variables.

Total moves

The total moves calculate how many steps participants walked on the map. A non-parametric mixed
ANOVA was performed to investigate the effect of information amount and expertise levels on total
moves. The results did not show significant effects of information amount, expertise levels, or the
interaction between these two variables.
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Figure 5.7: Interaction plot of the effect of information amount and expertise levels on total moves, idle time (in seconds), and
response time (in seconds)

5.4. Regression analysis

After we checked the effect of information amount and expertise levels on dependent variables, we
also want to investigate whether we can predict dependent variables quantitatively by some predictors.
Based on our conceptual model, we assume the possible predictor for dependent variables includes
information amount, expertise levels, and workload. The information amount and expertise levels are
used as categorical variables, with 2 and 3 categories respectively.

Task performance

To predict task performance, we use a multi-linear regression model that contains predictors of tutorial
score, game frequency, response time, total moves, and interaction between expertise level, workload,
and information amount. The multi-linear regression model satisfies all five assumptions for the model:
Global statistics, skewness, kurtosis, link function, and heteroscedasticity. The model can significantly
predict task performance (F-statistic=4.316, Adjusted R-squared=0.2854, p-value=9.597e-05). Besides,
the response time (p-value<0.001) and tutorial score (p-value<0.001) are both significant predictors of
task performance. Figure 5.8a and 5.8b are the visualizations for predicting task score by response time
and tutorial score.
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Figure 5.8: Predicting task score by response time and tutorial score, the red and green lines represent the fitted regression line
for less info and more info tasks, and the grey bands represent the 95% confidence interval limits.

Trust

To quantitatively predict trust, we use the same predictors as predicting task performance, which
are categorical information amount and expertise levels, tutorial score, self-reported game frequency,
and workload. However, the model cannot significantly predict trust (F-statistic=0.701, Adjusted
R-squared=-0.029, p-value=0.689).

Explanation satisfaction

To quantitatively predict explanation satisfaction, we use the same predictors as predicting task
performance, which are tutorial score, game frequency, response time, total moves, and interaction
between expertise level, workload, and information amount. The multi-linear model can significantly
predict trust (F-statistic=2.237, Adjusted R-squared=0.1408, p-value=0.021). Among all these predictors,
workload is a significant predictor of predicting explanation satisfaction (p-value<0.001). Figure 5.9



5.5. Qualitative analysis 34

presents the visualization to predict explanation satisfaction using the workload score.
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Figure 5.9: Predicting explanation satisfaction by subjective workload, the red and green lines represent fitted regression line for
less info and more info tasks, the grey bands represent 95% confidence interval

5.5. Qualitative analysis

In this section, we present the answers to the open questions and the feedback from participants.

5.5.1. Preference of two agents

In Figure 5.10, we plotted a histogram of all participants’ self-reported preferences for the two agents:
providing explanations including less or more information. Half of the participants prefer the agent
providing explanations with less information. 1/3 participants did not find any preference between
the two agents. Only 1/6 of the participants prefer the agent that provides explanations with more
information.

Preference of two agents

less info

more info

both

none

T T
0 5 10 15 20
number of participants

Figure 5.10: Subjective preference of all participants

To further analyze the subjective preference within three expertise levels, we separated participants’
answers based on their expertise groups. In Figure 5.11a, 71.4% beginners reported a subjective
preference for less info agent, and the other participants did not feel a preference for either of the
two agents. None of the beginners prefer the more info agent. While in Figure 5.11b and 5.11c, most
intermediate and expert gamers tend to prefer the more info agent, with 50% intermediate gamers and
58.3% experts reported a preference for the more info agent.
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Figure 5.11: Subjective preference of three expertise levels

However, the reasons for participants’ subjective preferences provided by participants are not always
related to the explanations. Since participants who did not express a preference were not required to
provide a reason for that, 28 participants answered the reasons for their preferences. Within these 28
participants, 42.8% of the participants provided reasons for their preferences that are not related to the
explanations, such as I feel this robot is smarter’, "This robot moves faster’, and 'I get a better score by
working with this robot’.

5.5.2. Feedback to the open questions

From the open questions, we received 28 valid feedback to the agents” explanations, and 20 valid
teedback to the task design in the experiment. We first extracted the keywords from the suggestions and
then calculated the frequencies of these keywords. The bold texts are the most frequently mentioned
keywords in the feedback. The details of the feedback are presented below.

Feedback on the explanation design
The frequency of each keyword and the feedback to the explanation design is visualized in Figure 5.12.
The most mentioned suggestions are related to the length or information density of the explanations.
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Figure 5.12: Feedback on the explanations

Feedback on the task design
The feedback to the task design is visualized in Figure 5.13. The most frequently mentioned suggestions
are related to the agent’s performance. The numbers in Figure 5.13 are the frequency of each feedback

being mentioned.
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Figure 5.13: Feedback on the task



Discussion

In the previous section, we presented the results of the experiment. This section further discusses the
results and tries to formulate an answer to the research questions.

6.1. Research question

The main research question of this study is: what is the effect of less versus more detailed agent
explanations on human-agent teamwork for people with different gaming expertise? After we get all
the results, our model can be visualized in Figure 6.1.

Less/more information l Subjective workload
in explanation

ignificant predictor

Performance

| Level of expertise Trust

(JIndependent variable
D Mediating variable
Significant predictor () Dependent variable

/A Explanation satisfaction
MarginatSignificant

Response time

Figure 6.1: Conceptual model with results

To compare experts’ and beginners’ preferences, we first separated all participants into different
expertise levels. In this study, the method that we divided all participants into different expertise levels
is a combination of self-reported game frequency and tutorial scores. Thus, experts include two types of
participants: the ones who are both frequent gamers and also performed better than average in the
tutorial, and two participants with extremely good performance in the tutorial. Performing the tutorial
better than the others requires faster comprehension of the rules, better knowledge of the situation, and
more efficient collaboration with the agent. Though there might be other methods to divide expertise
levels, given the data we collected, we believe this is a sensible way to distinguish experts and beginners
from others without mixing with the actual task performance.

6.1.1. Workload

According to the results in Section 5.3.1, we did not find a significant difference in subjective workload
between the two tasks and between different expertise levels. The previous hypothesis of workload in
the two tasks is that the task with more info explanations is supposed to increase participants’ subjective
workload, but given this result, we do not have evidence that increasing the information amount in
explanation also increases participants’ subjective workload. This result is in line with the study by
[70], [47]. However, the results of no significant difference between different expertise levels did not
prove our assumption and are not in line with the results from [59], which claimed that better cognitive
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abilities have an effect on mental workload. We speculate that though different expertise levels have
different perceptual and cognitive abilities, the amount of information in explanations is not an obvious
factor to influence subjective workload in different expertise levels.

Given the task design, working on the SAR task can be divided into several sub-tasks: moving around
on the map and searching for obstacles or victims; paying attention to the chat; and communicating.
When participants worked on the task, every sub-task consumed some effort, so the activity level of
total moves, idle time, and response time can be interpreted as an aspect of the objective workload. The
ANOVA of response time presents a marginally significant effect of expertise level on response time
(p-value=0.054), which is in line with the results from [47] that active video gamers have less response
time than non-active video gamers in the conditions of no explanations and transparent conditions.

6.1.2. Explanation satisfaction

Comparing participants’ explanation satisfaction in different expertise levels is the most straightforward
way to investigate the preference of a certain expertise level for a specific type of explanation. After
observing the ANOVA results of explanation satisfaction, we did not find significant differences in
explanation satisfaction in either less or more info explanations or in the three expertise levels. This is
different from our hypothesis, which assumed that more info explanations can increase satisfaction for
experts, while beginners are more satisfied with less info explanations.

For both less info and more info tasks, we did not find a significant difference in the explanation
satisfaction of all participants. To recap our explanation design, though there is a difference in the
amount of information between less info and more info explanations, there is also some information
overlap between the two types of explanations. No significant difference between these two types of
explanations indicates a similar effect of less info and more info explanations on the tasks. However, Figure
5.5 shows a relatively high mean explanation satisfaction (more than 4.0), which indicates participants
tend to find both two explanations satisfactory. Hence, we speculate that the information amount in the
explanations is a subtle factor that influences explanation satisfaction, the general tone or format of
explanations might have a more significant effect on satisfaction.

Besides, the study by [36] found adults are goal-driven learners and prefer goal-based explanations to
belief-based explanations. In our study, we already clarified the agent’s situation and suggestions in less
info explanations as a goal, which can make participants work on the tasks. Therefore, we speculate the
effect of explaining more beliefs and sub-goals of the agent may not significantly improve explanation
satisfaction.

In the regression analysis, we found the task’s workload can be a significant predictor for explanation
satisfaction. The higher the workload participants experienced, the less satisfied they felt with the
explanations. Given this result, we speculate that as part of the ability of the XAI agent, the perception
and user experience of explanations can be negatively affected by participants’ subjective workload.
Given a relatively higher workload, participants tend to be less satisfied with the agent’s explanation
due to the higher pressure caused by their workload.

6.1.3. Trust

Past experience has an impact on people’s trust relationships [24]. However, in this study, due to the
division of expertise groups, being an expert does not equal having past experience in a similar task
to the ones in our experiment. To investigate whether less or more information would influence trust
during the tasks, it is necessary to measure initial trust before the study.

Based on the results, we did not find a significant difference in subjective trust between the two tasks.
Hence, there is no evidence that providing more information in the explanations can help to increase
subjective trust in agents, which is in line with the results from [70]. Though studies by [8] found
displaying transparent information is effective for trust calibration, the effect of increasing information
with the same format in explanations seems subtle in our study.

6.1.4. Performance

The only difference between the two tasks is the amount of information in the explanations provided
by the agent. Since we did not find a significant difference between the performance scores of the two
tasks, the amount of information in the explanations does not significantly affect the task scores. Based
on the task design and explanation design, we assume providing explanations with more information
can help participants know more about the agent’s beliefs. Besides, with an accurate reason for the
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agent’s suggestion, participants can react to the agent’s suggestion more sensibly, which also helps to
improve the team performance. Given these two advantages of more info explanations, and experts’
better capability to process more information, we assume providing more information can help experts
increase performance. However, the ANOVA results of the task performance did not present a significant
effect of expertise level or information amount on task performance. We speculate that the amount of
information in explanations is not the most important factor for performance. Moreover, though experts
have the ability to work with more information, they may not need much information to perform a task
well.

Despite the non-significant effect from ANOVA, we do find that tutorial score and response time can
be significant predictors of task performance. This indicates that task performance is more related to
participant’s prior knowledge and their attentiveness to the task, but the information in explanations
and the expertise levels do not significantly affect the task performance.

6.1.5. Game frequency

According to Figure 5.1, the self-reported game frequency does not show a correlation to the task
performance during this experiment. We speculate two possibilities for this. The first speculation is
that it can be because the types of video games that participants usually played are not similar to the
ones in our experiment. For example, a person who frequently plays competitive video games might
not be good at cooperating with others in a task. The second speculation is that there is a bias between
subjective game frequency and objective game performance. As we discussed in Section 2.2.2, frequently
playing games does not necessarily make one an expert, moreover, there is a bias between humans’
subjective opinions and objective performance.

6.1.6. Qualitative analysis

In the open questions of preference between the two agents, the most mentioned keywords are short
and concise. However, there is a difference between short and concise: a short message might not
contain sufficient information, while a concise message keeps the length as short as possible with
sufficient information. Though short does not necessarily mean concise, it is noted that length is the
most frequently mentioned aspect of how participants evaluate their preference for an explanation.
Longer explanations will not make participants satisfied and willing to read, which also conforms with
the studies [37], [52] that argue a good explanation is supposed to be short. Hence it is important to
shorten the explanations while keeping the same information.

One thing to notice is that Figure 5.11a, 5.11b and 5.11c, present a difference in the number of
participants in three expertise levels reported their subjective preference for less info and more info
agents, this is contradictory to the results in Section 5.3.3 that there is no effect of information amount
and expertise levels on explanation satisfaction. One possible reason is that there is a difference in
measuring explanation satisfaction by two separate questionnaires and explicitly asking for participants’
preferences. An explicit question like "Which agent do you prefer” implies that there is a difference
between the two agents, and participants need to choose one of them. Hence, though we named the
agents "SaR botl" and "Sar bot 2", and provided options like "both agents are fine", "I prefer none of the
agents", this question may still lead participants to recall and think about the difference between the
two agents, which could lead to a biased result.

6.2. Limitations

There are several limitations in this study, and it can be divided based on the stages of the study. Firstly,
in the pilot study, the self-reported game experts did not reach a relatively high score in the tasks. The
ideal situation would be that self-reported experts can provide some suggestions on the explanation
design that is more useful for experts. Since the self-reported experts did not perform the task with
an expected score, the suggestions provided by these participants might not be useful in adjusting the
explanations to the experts. Hence, the number of recruited experts in the pilot study can be increased
to collect more suggestions to adjust the more info explanations.

In our experiment, the two conditions that we compared are less info and more info, so given the
non-significant results of ANOVA, we can only conclude that we did not find evidence for the influence
of the amount of information in explanations. Another limitation in the experiment design is that we did
not add uncertainties in the agent, while some studies, like [11], investigated the effect of transparency
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level on trust always involving uncertainty in the agent’s explanations. In our research, to make the more
info explanations more helpful, we could also add some faults or uncertainties in our agent’s behavior.

In the context of this study, participants were required to perform tasks in a limited time. From
the participant’s perspective in this study, accomplishing the task consists of certain types of effort,
such as reading explanations, memorizing the map, deciding on the next action, etc. Completing the
task with a relatively high score requires all these types of effort, but different participants may have
different methods to allocate their effort and time. Some participants may spend more time reading
the explanations carefully, while some participants may spend more effort memorizing the map. All
these efforts compose their workload during the task. Though interpreting workload into different
dimensions is sensible, measuring workload by different sub-tasks can help to interpret workload as
well.

There are also some limitations in the search and rescue game we designed. According to the feedback
from participants, the keyboard actions can be more convenient and easy to remember. Although we
presented the instructions for the keyboard actions at the top of the interface, participants responded
that it was hard for them to look at the keyboard instructions every time. From the perspective of task
setting, though we have emphasized this search and rescue task needs participants to work with the
agent as a team, some participants still tend to work competitively and independently with the agent.
In this study, we did not measure the subjective or objective collaboration level of participants. Besides,
the task in this study is designed with relatively high independence for human participants, which
means humans can also perform the task without interacting with the agent.

From the perspective of explanation design, explanations can be limited in this study since they were
considered based on the search and rescue task scenario. However, explanation length is the independent
variable of this study, and explanations can be designed based on the hypotheses themselves. The
search and rescue task can be designed based on the explanations. From the explanation modality
perspective, although we tried to highlight the key information through images, the explanations in this
study are provided only by text. Some participants mentioned it could be easier for them to work on the
task if the explanations could be provided by audio.

6.3. Future study

For future studies, the first thing that can be improved is the measurement of self-reported game
frequency. In the results, we did not find a correlation between self-reported game frequency and task
performance. This can be caused by the measurement of self-reported game frequency, or there is no
correlation between these two variables. In this study, we used the question of “How often do you play
video games” to measure subjective self-reported game frequency, without mentioning specific types of
video games or how they would rate their own gaming expertise levels. For future studies, we suggest
the question of game frequency or game expertise can be specified by emphasizing certain types of
video games. People who are good at playing a specific type of video game can still be good at a similar
game but are not necessarily good at a different type of game. Hence, it can be important to mention the
type of video games to further investigate the correlation between self-reported and objective game
expertise.

In the task design, we chose to display the explanations and the task at the same time. If there is a
need to force participants to read the explanations, future studies can implement a pop-up window
to display the explanations as well. However, from the teaming perspective, forcing participants to
do something might reduce the user experience. Hence, designing a task that both achieves good
teamwork and makes participants pay sufficient attention to the explanations can require a delicate
balance between task design and explanation design.

From the ANOVA results of trust, the p-value for the interaction effect of expertise level and
information amount on trust is marginally significant (p-value=0.084). Though we cannot further
decompose the interaction effect due to a non-significant (p-value>0.05) result, we speculate there might
be an interaction effect but given the data we collected, the results are not significant.

In the previous discussion, we speculated that one of the reasons that we did not find a significant
effect of expertise levels on those dependent variables is that experts may not need too much information
to achieve a good performance. Hence, future studies can investigate whether this speculation is fair.
Moreover, based on the insights from the experiment and feedback, it might be interesting to investigate
how different sentence patterns and tones influence explanation satisfaction. Though there are already
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results stating shorter explanations are preferred [52], it might be interesting to investigate whether
longer explanations are not preferred because of first impressions of the longer texts, a much more
cognitive workload, or is caused by the time pressure under a time-limited task.



Conclusion

In this study, we designed and conducted a simulated 2D game-like search and rescue task, and
investigated the effect of less or more detailed explanations and three expertise levels on subjective
workload, task performance, trust, and explanation satisfaction. Based on the division method using
self-reported game frequency and the mock task score in the tutorial, we divided 42 participants into 3
expertise levels: 14 beginners, 16 intermediate gamers, and 12 expert gamers. Given this division, we
analyzed the effect of less and more information explanation and expertise levels on subjective workload,
team performance, trust, and explanation satisfaction. The mixed ANOVA results did not show any
significant difference between or within the groups, which is not consistent with our hypothesis that
providing more information in explanations helps experts improve performance, trust, and explanation
satisfaction.

Our hypothesis is based on the theory that experts with higher cognitive ability and better attention
are better at processing more information while doing the task at the same time. Providing more
information may help to increase humans’ belief in the agent, hence improving explanation satisfaction.
Given the result of no significant difference, we speculate that although expert gamers have better
abilities in attentiveness and cognition, generally experts may not require too much information in
explanations during a simulated human-agent teamwork task. Especially in this study, where actions
require soft interdependence more than hard interdependence, participants have plenty of extents to
work alone, and less info explanations already provide the most necessary information for teamwork,
such as location, and suggestions, which reduces the need for experts to request more information.
Besides, from the perspective of explanation satisfaction, experts may have a similar preference to the
majority of participants even though they performed better in the tasks.

However, in regression analysis, we do find that participant’s response time and tutorial score can
be significant predictors of task performance. Besides, workload can be a significant predictor for
explanation satisfaction, with a negative correlation.

To answer our research question, we cannot conclude whether increasing the amount of information
in explanations helps to increase experts” experience in HAT. In a time-limited HAT task that requires
operations from humans, we did not find evidence that providing more information in explanations
affects trust, explanation satisfaction, or performance for people with different gaming expertise levels.
However, workload is found to have a negative effect on explanation satisfaction. Hence, for future
studies, it may be worth investigating whether expert gamers really need more information in the
explanation of the task, or it is the opposite that expert gamers can still perform the task without too
much information.
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Tutorial contents

Hello, my name is SaR bot. In this tutorial, I will introduce some rules for this search and rescue task.
In this world, you can move with the keys W-A-S-D or the arrow keys. You can try to walk around with
these keys, and once you are ready for the next tip, you can click the Ready button.

Due to our capability, we can only see each other within 3 blocks. You can try to move around, and get
to know this capability. If you have understood this, and you are ready for the next tip, you can click the
Ready button.

This world is separated by different rooms, which are surrounded by walls. Normal rooms are
surrounded by walls, and the safe zone is surrounded by safe zone walls. During this task, we will refer
to different rooms by their room number. You can go to the sign of Al. If you arrive at Al, you can click
the Ready button.

Now we are standing in front of the entry of room Al. There is a rock blocks the entry of this room.
You can only visualize the obstacles within 1 block. There are 3 types of obstacles in this world: small
rocks, trees, and large rocks. If you are ready for the next tip, you can click the Ready button.

Now we can try to remove this rock. Both of us are able to remove rock alone. We can only remove
obstacles within 1 block away. You can try to remove the rock alone by pressing R. If the removal is
successful, you will see the rock disappear after a few seconds. If you have removed the rock, you can
click the Ready button.

After removing this rock, we can enter room Al. You can try to search for victims in this room. There are
three types of victims in this world: healthy victims, injured victims, and critical victims. By successfully
rescuing, 1, 3, 6 points will be assigned to each type of victim. If you have found that healthy victim,
you can click the Ready button.

Successfully rescuing a victim means carrying that victim, and then dropping that victim to the safe
zone. We are able to carry healthy victims and injured victims alone. But for critical victims, we can
only carry them together. If you understand everything, you can click the Ready button.

You can press G to grab victims alone. It takes some time to grab. Once finished, healthy victims will
disappear. Then you can carry this victim to the safe zone. Which is surrounded by walls. If you
understand everything, you can click the Ready button.

Now we can try to carry this healthy victim to the safe zone. In this world, victims are considered to be
successfully rescued once they are carried to the safe zone. Once you arrive safe zone, you can click the
Ready button.

You can drop the victim by pressing Q. When dropping, the victim will be dropped at the same location
as yours. After you drop this victim, you can come to the entry of A2. We will try to remove an obstacle
together. If you have arrived at A2, you can click the Ready button.

There is a tree that blocks the entry of A2. I am not able to remove the tree. So I suggest you help me
remove it together. If you agree to work together, you can click Ok button to indicate your decision.
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Once you are within one block of the obstacles, you can press P to remove an obstacle with me. If you
see the tree has been removed, you can click Ready.

There is a critical victim in A2. We can only carry critical victims together. I am at the same location as
the critical victim, If you come to my location, and press key C, you can see our icons changed. After
that, you can click Ready.

Once we are carrying victims together, you will take charge of planning the path to the safe zone. Now
you can move to the safe zone, and drop this victim at the safe zone. If you successfully dropped that
critical victim, you can click the Ready button.

There is a large rock blocking the entry of A3. You cannot remove large rocks by yourself. So if you are
within 1 block with any obstacle, you can request my help by clicking the Help button. I will go to your
location, and if I sense any type of obstacle or victims to work together, I will wait for your keyboard
instructions to work together. Now you can go to the entry of A3 and try to request Help.

Now I have moved to your location. And I sensed there was a large rock that we could work together. If
you want to remove this obstacle together, you can press P. If the large rock has been removed, you can
click the Ready button.

Now I have introduced all possible actions. We can go to the simulation zone to practice with the mock
task before we actually start. If you are Ready for the mocking task, you can click the Ready button and
remove the rock between the blue walls.

We have 3 minutes to work on this simulation task. Once the remaining time is less than 3 minutes, I
will send a countdown message every minute in the chat. If you understand everything, you can click
the Ready button, and start working on the task.



Informed Consent Form

Dear participant,

You are invited to an experiment titled “Adapting explanation to game experience in the context of
human and agent teamwork”. This study is being done by master’s student Jing Zhou under Interactive
Intelligence group, TU Delft.

The purpose of this experiment is to investigate human-agent interaction in a teamwork form, and
will take you approximately 30 minutes to complete. The data will be used for the master thesis about
game experience and explainable Al in human-agent teamwork. During this experiment, we will be
asking you to complete a game in a 2D grid world based on a search and rescue task. First, we will
ask you to fill in some questions regarding basic information, like age, gender, education level, etc.
Then, we will start working on the simulated search and rescue task. The task consists of three parts:
tutorial, first sub-task, and second sub-task. In this task, you are required to control the human agent,
and collaborate with the search and rescue agent. As a team, your goal is to rescue as many victims as
possible. After the task is completed, you will answer some questions about how you feel about the
agent communication during the task. The data collected in this task is going to be used for further
analysis of the thesis project of adapting explanation style to game experience.

To our best ability, we will keep your data confidential and anonymous. We will only share the data
with 4TU repository in an anonymous format. During the experiment, we only collect age range, gender
and education level, so your data is considered unidentifiable. The data management plan has been
consulted with the data steward of TU Delft.

Your participation in this study is entirely voluntary, and you can withdraw it at any time. If
you have any questions about or considerations, you are free to ask now, or send an email to j.zhou-
15@student.tudelft.nl after this experiment.

1. I have read and understood the study information or it has been read to me. I have been able to
ask questions about the study and my questions have been answered to my satisfaction.

2. I consent voluntarily to be a participant in this study and understand that I can refuse to answer
questions and I can withdraw from the study at any time, without having to give a reason.

3. I understand that taking part in the study involves participation of a game-like search and rescue
task in a 2D world, and answering questions from the questionnaire.

4. Tunderstand that taking part in the study involves collecting the gender, age range, game frequency,
and educational level. I understand that these data will be anonymized and will be stored securely to
mitigate the risk of reidentifying, and the risk of data breach.

5. I understand that anonymous data (gender, age range, game frequency, educational level, task
performance, and answers to the questionnaire) will be shared with 4TU repository only to be used for
future research.

6. I understand that personal information collected about me will not be shared beyond the study
team.

7. I understand that the identifiable personal data I provide will be destroyed after this thesis project.

8. I understand that after the research study the de-identified information I provide will be used for
analysis, and the results will be published in a master thesis.
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Name of participant:

Signature and Date

I, as researcher, have accurately read out the information sheet to the potential participant and, to
the best of my ability, ensured that the participant understands to what they are freely consenting.

Jing Zhou

Signature and Date
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Questionnaire



Demographic questions

Q1 Koo
What is your gender? .

O Female

) Male

O Non-binary

(0 Prefer not to say

+ Add page break

Q2 Ea
What is your educational level?

(O High School or equivalent
() Bachelor's or equivalent
(O Master's or equivalent

() PhD or equivalent

Q3 QK

How often do you play with video games?

50 - several 75 - several

25 - several times a times a 100 -
0 - never times a year maonth week everyday
o 25 50 75 100

Q4 *
What is your age?
O 1821
0 2225
O 2629
() 30 or above

O import from library I l Add new question




0 x
Before continuing, please ask the instructor to show you the tutorial.

) | have finished the tutorial.

- & import from library I l Add new question

Add Block

- reminder

RO x
The following questions will be based on the SaR bot in the tutorial.

) | understand

- ] import from library ] [ Add new question

Add Block

- gquestions - tutorial

Q1

From the messages from SaR bot, | know how the SaR bot works.
() Strongly agree

() Somewhat agree

() Neither agree nor disagree

() Semewhat disagree

(O Strongly disagree

Qz
The messages from SaR bot is satisfying.

O Strongly agree

) Somewhat agree

() MNeither agree nor disagree
O Somewhat disagree

() strongly disagree
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-

-

-

Q3

I am confident in the SaR bot. | feel that it works well.
O Strongly agree

0 Somewhat agree

() Meither agree nor disagree

O Somewhat disagree

() Strongly disagree

O import from library I l Add new question

Add Block

taskl

GO
What is your group (ask the instructor)?

O group 0
) group 1

T1
Before continuing, please ask the instructor to show you the first task.

() | have finished the first task.

& import from library ] [ Add new question

Add Block

reminder - 1

R1

The following questions will be based on the SaR bot you just worked with,
instead of the one in the tutorial.

O 1 understand.

O import from library I l Add new guestion

* Add Block

task workload - taskl
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Q1

How much mental and perceptual activity was required (e.g. thinking, deciding,
calculating, remembering, looking, searching, etc.)? Was the task easy or
demanding, simple or complex, exacting or forgiving?

0 10 20 30 40 50 60 70 80 90 100
0 - very low 100 - very
high

Q2
How much physical activity was required

0 10 20 30 40 50 60 70 80 90 100
0 - very low 100 - very
high

Q3

How much time pressure did you feel due to the rate or pace at which the tasks
or tasks elements occurred? Was the pace slow and leisurely, or rapid and
frantic?

+ 0 -wvery low 100 - very
high

Q4

How hard did you have to work (mentally) to accomplish your level of
performance?

0 - very low 100 - very
high

Qs

How successful do you think you were in accomplishing the goals of the task set
by the experimenter (or yourself)? How satisfied were you with your
performance in accomplishing these goals?

0 10 20 30 40 50 60 70 80 90 100
0 - failure 100 - perfect

Q6
How insecure, discouraged, irritated, stressed and annoyed versus secure,

gratified, content, relaxed, and complacent did you feel during the task?

1} 0 20 30 40 50 6 70 80 90 100

0 - very low 100 - very
high
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-

-

Q7

explanation satisfaction scale - taskl

What do you think about the messages from SaR bot?

From the messages
from SaR bot, | know
how the SaR bot works.

The messages from SaR
bot is satisfying.

The messages from SaR
bot has sufficient detail.

The messages from SaR
bot seems complete.

The messages from SaR
bot tell me how to use
this system.

The messages from SaR
bot is useful for my
goals.

The messages from SaR
bot show me how
accurate the software is.

trust scale - taskl

Q14

Strongly
agree

Q

Somewhat
agree

@]

Neither
agree nor
disagree

O

Somewhat
disagree

O

Strongly
disagree

O

O import from library H

Add new question

Add Block

| am confident in the SaR bot. | feel that it works well.

() strongly agree

(0 Semewhat agree

() Neither agree nor disagree

O Somewhat disagree

O strongly disagree
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Ql6

The outputs of the SaR bot are very predictable.
) Strongly agree

Somewhat agree

Neither agree nor disagree

Somewhat disagree

o o OO0

Strongly disagree

Q17

The SaR bot is very reliable. | can count on it to be correct all the time.

() Strongly agree

(O Somewhat agree

(O Neither agree nor disagree
) Somewhat disagree

(O Strongly disagree

Q18

| feel safe that when | rely on the SaR bot | will get the right answers.
) Strongly agree

() Somewhat agree

() Neither agree nor disagree

(0 Somewhat disagree

) Strongly disagree

Q19

The SaR bot is efficient in that it works very quickly.
) Strongly agree

Somewhat agree

Neither agree nor disagree

Somewhat disagree

o0 0o o0

Strongly disagree

Q20

I am wary of the SaR bot.
) Strongly agree

Somewhat agree

Neither agree nor disagree

Somewhat disagree

o o0 0O

Strongly disagree



Q21

The SaR bot can perform the task better than a novice human user.
O strongly agree

Somewhat agree

MNeither agree nor disagree

Somewhat disagree

o O C O

Strongly disagree

Q22
I like using the SaR bot for decision making.

() Strongly agree

(O Somewhat agree
(O MNeither agree nor disagree
() Somewhat disagree
O Strongly disagree
- Q Import from library ] l Add new guestion
Add Block
- task2
T2

Before continuing, please ask the instructor to show you the second task.

() | have finished the second task.

- O import from library ] l Add new guestion

Add Block

- reminder - 2

R2

The following questions will be based on the SaR bot of the second task,
instead of the overall experience.

O | understand.

- & import from library ] [ Add new guestion
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Q36

How much mental and perceptual activity was required (e.g. thinking, deciding,
calculating, remembering, looking, searching, etc.)? Was the task easy or
demanding, simple or complex, exacting or forgiving?

0 10 20 30 40 50 60 70 80 90 100
0 - very low 100 - very
high

Q37
How much physical activity was required

0 10 20 30 40 50 60 70 80 90 100
0 - very low 100 - very
high

Q3e

How much time pressure did you feel due to the rate or pace at which the tasks
or tasks elements occurred? Was the pace slow and leisurely, or rapid and
frantic?

0 - very low 100 - very
high

Q39

How hard did you have to work (mentally) to accomplish your level of
performance?

0 - very low 100 - very
high

Q40

How successful do you think you were in accomplishing the goals of the task set
by the experimenter (or yourself)? How satisfied were you with your
performance in accomplishing these goals?
6 10 20 30 40 50 60 70 80 90 100
0 - failure 100 - perfect

Q41
How insecure, discouraged, irritated, stressed and annoyed versus secure,
gratified, content, relaxed, and complacent did you feel during the task?

0 0 20 30 40 50 60 J70 80 90 100

0 - very low 100 - very
high



explanation satisfaction scale - task2

Q42
From the messages sent by SaR bot, | know how the SaR bot works

O Swongly agree

() Somewhat agree

(O Meither agree nor disagree
O Semewhat disagree

() Strongly disagree

Q43

The messages sent by SaR bot is satisfying.
O strongly agree

O Somewhat agree

O Neither agree nor disagree

O Somewhat disagree

O strongly disagree

Q44

The messages from SaR bot has sufficient detail.
O strongly agree

() Somewhat agree

(0 Neither agree nor disagree

() Semewhat disagree

O Strongly disagree

Q45
The messages from SaR bot seems complete.

O strongly agree

O Somewhat agree

() Meither agree nor disagree
) Somewhat disagree

(O Strongly disagree



Q46
The messages from SaR bot tell me how to use this system.

(O Strongly agree

() Somewhat agree

) Meither agree nor disagree
(0 Somewhat disagree

) strongly disagree

Q47

The messages from SaR bot is useful for my goals.
() Strongly agree

(O Somewhat agree

) Meither agree or disagree

) Somewhat disagree

(O Strongly disagree

Q48

The messages from SaR bot shows me how accurate the software is.
O strongly agree

(0 Somewhat agree

() Meither agree nor disagree

) somewhat disagree

) Strongly disagree

) import from library I l Add new question




Q49 g
What do you think about the SaR bot?

Neither
Strongly Somewhat agree nor Somewhat Strongly
agree agree disagree disagree disagree
I am confident in the
SaR bot. | feel that it O O O @) O
works well.
The outputs of the SaR
bat are very predictable. o © © o ©
The SaR bot is very
reliable. | can count on
Q @] o O @]

it to be correct all the
time.

| feel safe that when |

rely on the SaR bot | will O @] O @] @]
get the right answers.

The SaR bot is efficient

in that it works very @] @] O O @]

quickly.

I am wary of the SaR

bot ® ® o o o

The SaR bot can

perfarm the task better

than a novice human o O o o O

user.

I like using the SaR bot

for decision making. o o © o o
O impoart from library l [ Add new question

open guestion

o1
According to the two SaR bots you interacted with, which bot do you prefer?

() First bot, if so, please indicate the reason
(O Second bot, if so, please indicate the reason
(O Neither of the two bots, if so, please indicate the reason

() Both of the two bots seems fine
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02

How would you describe your strategy in the search and rescue task? (choose
all that apply)

Always follow the bot's suggestion

Always ask for bot's help

Work independently rather than work together with the bot

Work with the bot as much as possible

Start from the rooms that are closer to the safe zone

O
O
O
d
[[] Start from the rooms that are far from the safe zone
O
[] Rescue the healthy victims first

O

Rescue the eritically injured vietims first

03

The following two questions do not require precise answers, you can answer
them with your general impression.

1} 0 20 30 40 50 60 70 80 90 100

How much messages
did you read during the
overall experiment?

How much messages
did you read after you
see the coutdown
messages?

04 Q-
What is your suggestion on the messages from SaR bot? (e.g. message length,
information amount, tone, modality, etc.)

05 ol

What is your advice to the SaR bot to achieve better team performance? (e.g.
the timing of sending the messages, the strategy of the SaR bot, etc.)

O import from library I l Add new question
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