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ABSTRACT
Group meetings are ubiquitous, with millions of meetings held across the world every day.
However, meeting quality, group performance, and outcomes are challenged by a variety of
dysfunctional behaviors, unproductive social dynamics, and lack of experience in conducting
efficient and productive meetings. Previous studies have shown that meeting facilitators can be
advantageous in helping groups reach their goals more effectively. However, many groups do not
have access to a human facilitator due to lack of resources or other barriers. In this work, I leverage
advances in conversational agent technology to provide some of the functionality of human
facilitators in group decision-making using an automated system.
I present a general computational framework for automated meeting facilitation that provides a
real-time, co-located, synchronous, multiparty, personified interface to a group conducting a faceto-face meeting. The framework is designed to support a range of virtual and robotic embodiments
of the agent, and provides facilitation functions based on group management science, including:
a) management of meeting structure; b) management of participation to avoid dominance; and c)
management of conflict.
Using this framework, I report on three prototypes and their evaluation to address a series of
research questions. I first explored the overall acceptance of a conversational agent in the role of
a meeting facilitator and compared reactions and outcomes to different agent embodiments in the
meeting room, finding that embodiment improved participants’ rapport with and trust of the agent
as well as their perceptions of the agent’s intelligence and power. Second, I developed a fully
automated meeting facilitation robot that uses multimodal inputs to manage multiparty
conversation, enforce meeting structure, promote time management, balance group participation,
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and facilitate group decision-making processes. Results of a between-subject study showed that
the robot facilitator was accepted by group members, was effective in enforcing meeting structure,
and that users found it helpful in balancing group participation. Finally, I developed and evaluated
conflict management strategies for the facilitation robot and evaluated them in a task setting
designed to evoke task conflict. I found that participants complied with the robot’s intervention,
performing active listening with each other when conflicts arose. I also report on qualitative
findings from interviews with study participants and a focus group, highlighting the potential role
for robots in meetings of the future.
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Chapter 1: INTRODUCTION
At corporations and organizations, meetings are the primary means of communication, and on
average, a third of employees’ time is spent in meetings [2], [3]. A 1996 research study estimated
that over 25 million meetings were held daily in the United States, and over 85 million worldwide
[2]. Extending the curve to more recent times results in between 39 to 56 million meetings daily
in the US alone [2]. Teams often collaborate face-to-face in order to make decisions that reflect
their common interests and goals in the form of group meetings. A meeting is formally defined as
a focused interaction of a group of people with a common purpose [164]. Group meetings enable
employees to view a problem from different perspectives, get exposure to a diverse set of insights
and ideas that are not accessible otherwise, and reach consensus on a solution. However, there are
many challenges in group meetings, endangering the productivity of these meetings.
Despite the many advantages of group meetings, these meetings create a complex network of social
interactions that can consume an organization's time and energy if not managed. Even in a small
group, collaboration amongst individuals with different interests, backgrounds, personalities, and
cultures can create a complicated environment, potentially impacting group performance and
outcome. As a result, numerous researchers in management sciences and social psychology have
explored the dynamics, and different interactions, roles, and tasks people take in meetings to
classify phenomena that can affect group performance.
Group dynamics such as social influence, social loafing [4], and groupthink [5] (see Chapter 2.1)
have been shown to complicate the decision-making process and impact a group’s performance.
Inadequate management of meetings, such as the lack of an agenda (or having a vague or redundant
agenda), deviation from an existing agenda, hidden agenda, imbalanced participation, and
distraction, are other factors that can result in unproductive meetings[80]. Lacking an enforced
structure to the meeting has caused ‘getting off the subject’, ‘no goal or agenda’, and ‘too lengthy’
to be the top three reported problems of meetings [164]. This highlights the positive impact of
employing structure management mechanisms on group satisfaction and productivity [103].
In addition to poor meeting structure, intragroup conflicts have been shown to be another factor
that can affect teamwork negatively [149]. Conflict and disagreement are among the most common
challenges in a collaborative work environment, which can impact the group performance both
12

positively and negatively. Conflict in small groups occurs when the interests and beliefs of group
members do not match, which leads to the group not being able to reach a consensus on a decision.
Intragroup conflicts refer to disagreements between the members of the group. Jehn and Mannix
identified three types of intragroup conflicts: relation, task, and process conflict, which can all be
impacted by several factors such as power dynamics in the group, the members’ relations,
emotions and the minority-majority structure in small groups [95]. Although strong conflicts in
groups can hardly be helpful, a moderate level of disagreement may be constructive by providing
attendees with the opportunity to see aspects of an object from different points of view [95].
Regardless of the level of disagreement, the most agreed upon opinion about intragroup conflicts
is that they can be very harmful if left unmanaged and unresolved [12, 76]. Therefore active
conflict management is essential for any group to maintain group satisfaction and performance,
while ignoring disagreements can impair member relationships and group performance [51].
As a result of these challenges, it is hard to keep a group meeting productive. Many reviews and
surveys revealed that even though meetings take a considerable amount of employees' time, they
are evaluated as unproductive and dissatisfying [164]. A report by Harvard Business Review in
2017 revealed that more than 70% of senior managers "considered meetings unproductive and
inefficient" [155]. A survey in 2014 also estimated the cost of unproductive meetings at more than
$37 billion per year [2][164]. These estimates have created some debates about whether meeting
as a group necessarily results in a more effective problem-solving process and better outcomes
compared to individual approaches [6][7]. In the past 60 years, many researchers in social
psychology [8], business sciences [9][10], and computer-supported cooperative work [11] have
explored ways to improve the productivity and performance of collaborative decision-making
processes.

1.1 Conversational Agents as Automated Meeting Facilitators
Many studies have suggested that providing structured communication and decision-making
procedures are essential interventions to promote constructive behaviors and mitigate
dysfunctional group dynamics [6]. Building upon the findings of prior research, in this work, I
seek to leverage conversational agent technology to support group meetings by enforcing structure
to the meeting and facilitating decision-making processes.
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Professional human facilitators have been shown to be effective in performing these functions in
group decision-making meetings. For example, Westley and Waters have shown that group
facilitators are effective at addressing many of the common problems in meetings, such as not
following the meeting structure (or lacking a structure), intragroup conflict, and domination of the
discussion by one participant [20]. Viller also showed that a group facilitator could greatly improve
meeting quality by enforcing a structure, eliciting equal participation, and managing conflicts
[11].
Despite the potential benefits of group facilitators, the high cost of hiring professional consultants
or training in-house facilitators alongside with logistical barriers prevents many organizations from
using them. Moreover human facilitators may not have access to the knowledge and information
related to the team’s task and familiarizing them with the team’s technical domain is timeconsuming and costly. An automated group facilitation system may be able to perform many of
the functions of a human group facilitator at a fraction of the cost. In this work, I use the previous
literature on group meeting dynamics, group performance, and group facilitation to design a
computer-supported group facilitation system.
In my group facilitation system, a conversational agent plays the role of a Virtual Facilitator to
provide the most natural and intuitive interaction with group members and enhance the
performance and quality of a group meeting. Conversational Agents (CAs)—virtual or robotic—
have several capabilities that can make them effective meeting facilitators, including: the ability
to interact with human collaborators in natural language and nonverbal conversational modalities,
the ability to hold a non-judgmental and neutral point-of-view, and access to information
resources. . The CA can use speech to convey the instructions in an optimized manner and interact
with group members, and group members can speak back to the agent with no need for
training. Several researchers have investigated the design and development of CAs and shown the
effectiveness of them in one-on-one interactions in various domains, such as healthcare [22] and
education [23]. However, there is a lack of understanding of how CA’s can function in a group
setting, and this thesis work aims to fill this gap by exploring ways in which CAs can facilitate a
group decision-making session.
In this document, I use the term ‘Conversational Agent’ as a general term referring to any
conversational interface with human-like personification. A conversational agent could have
14

various forms of embodiment. It could have no embodiment (e.g., a voice-only character), or be
embodied in the form of an animated character on a screen, or have a physical embodiment like a
robot. Regarding the conversational agents for the group facilitation, I will use the terms "virtual
facilitator" and "group facilitation robot/agent" interchangeably to refer to a conversational
robot/agent that facilitates a group meeting.

1.2 Problem Domain: Decision-Making Meetings
In order to develop a clear framework and methodology, in my work I focus on small group
decision-making meetings that are a ubiquitous example of group meetings. Group decision
making meetings are a common meeting scenario in which employees can view a problem from
different perspectives, get exposure to a diverse set of insights and ideas that are not accessible
otherwise, and reach consensus on a solution.
A very common example of group decision-making meetings is a hiring decision meeting. In a
hiring meeting, two or more co-located individuals review a set of resumes to decide on the one
best candidate to hire. Previous research also used this setting to study group decision processes.
In my research I use ‘hiring meeting’ as a prevalent type of group decision-making sessions, to
clearly define procedures and facilitation provided by my conversational agent-based group
facilitation system. However, the methods and technologies developed are immediately applicable
to a much broader range of group decision-making problems.
In all types of group decision-making scenarios, including hiring sessions, the ‘decision-making
processes’ in meetings are one metric used to assess meeting performance. Two factors have been
frequently studied regarding the decision-making process in prior research: structure
management and conflict resolution [12], [13] that could go a long way towards improving
meeting quality if done properly. Structure management involves following a meeting agenda in
a structured way, and several studies have shown that following a structured decision-making
process leads to higher satisfaction, better decisions, and more creative solutions [14][12],
[15]. Conflict resolution involves detecting and mitigating intragroup conflicts. Studies have
demonstrated that intragroup conflict is a major source of meeting inefficiency [16], and
unmanaged conflict can deeply impair team performance. Thus, structure and conflict management
are two important factors that a team should consider to further optimize their performance.
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1.3 Research Questions
In this work, I propose an automated approach to address some of the known challenges in a group
decision-making meeting, including lack of structure, individuals’ dominance, and intragroup
conflict, using a conversational agent as a group facilitator. I develop a Virtual Facilitator that sits
in the room with the meeting participants and enforces a meeting structure, monitors and balances
members' participation, and detects and manages conflicts. A virtual facilitator can see, listen to,
and partially understand all group members and provides just-in-time instructions to assist them.
I seek to address the following research questions in my dissertation work:
RQ0- Will members of a face-to-face decision-making meeting accept a CA in the role of a group
facilitator?
RQ1- What would information workers expect from a CA at their workplace? 5.a) what role and
features would they prefer for the robot to hold?
RQ2- What is the appropriate embodiment for a virtual facilitator in a group setting?
RQ3- To what extent do the members of a group follow the virtual facilitator's instructions and
recommendations in the context of group decision-making?
RQ4- How can a virtual facilitator impose and enforce a structure on a group decision-making
activity, and ensure that all participants have an opportunity to be heard?
RQ5- Can a virtual facilitator improve conflict management in a group decision-making setting?
Through an incremental development process, I report the development of three prototypes for
group facilitation CAs, and a series of user studies and focus groups to evaluate the effectiveness
of such agents in improving people's group meeting experiences and managing multiparty
interactions, and to answer the research questions above.
I First develop a preliminary prototype to study the feasibility, explore the use of CA as group
facilitators in the group setting. Using this semi-automated prototype, I also seek to find out the
right embodiment for a virtual facilitator via a Wizard of Oz experiment. As the second prototype
I develop a fully automated group facilitation system using multimodal sensor inputs, that
facilitates a groups decision making session by enforcing meeting structure, managing
participation, and facilitating decision-making processes. I conduct a user-study to evaluate this
16

automated system. Then I focus on intragroup conflicts as a common challenge in group meetings,
and design a data-driven model to detect disagreements in a group conversation. I also study
different conflict management strategies delivered by a virtual group facilitator in a Wizard of Oz
study. Finally, I conduct a focus group with real information workers to find out what employees
would need and expect from a virtual facilitator at real work-setting.
My goal in this research is to understand the right design for a CA in the role of a group facilitator
and to identify the expectations from such a CA. In large part, my goal is to inform the design of
social conversational systems for group facilitation in workplaces. To this end, I have also
investigated what existing mental models participants hold for a virtual facilitator, and describe
how working with a facilitation agent may be similar to or different from working with a human
moderator in a group meeting.
This work contributes to the fields of HCI and CSCW by providing a comprehensive account of
the impact of CAs in a group collaboration setting. My dissertation project also contributes to the
field of group decision support systems by definign different types of facilitation (e.g. social,
meeting, and decision-making facilitation) and outlining the required functions for each facilitation
type to be provided by an automated system. One of the primary contributions of this work is the
design of a computational framework that can drive a CA in a multiparty interaction to provide
the main functions outlined above: facilitating meeting structure, managing group participant, and
detecting intragroup conflicts in group meetings, with the goal of improving the overall quality of
the group outcome. Last but not least, I studied different strategies that could be taken by a
conversational system in a group decision-making setting to manage disagreement. Using the
findings of my studies I created a design guideline for conversational interfaces for group meeting
facilitation (section 9.2.5) and highlight the technical and design requirements of such systems in
real work settings. The framework and guideline can be used by researchers to further investigate
the design and applications of automated group facilitation systems.

1.4 Dissertation Outline
This dissertation contains eight chapters that are organized as follows.
In Chapter 2, I present previous related work in multiple areas, including work on the use of robots
in groups and research in group behavior literature. I also review theoretical concepts that will be
used in later chapters.
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In Chapter 3, I describe a framework for a Conversational System for Group Meeting Facilitation.
I also present the rationale behind the design of specific functions and capabilities of the group
facilitation system. Subsequently, I declare the technical requirements of such a system.
In Chapter 4, I describe the first prototype of the group facilitation system that I developed to
assess the overall acceptance and feasibility of my group facilitation system. Through a wizard of
Oz study, I investigated the right embodiment for the group facilitation agent.
In Chapter 5, I build upon the findings of the study reported in chapter 4 to justify my choice of
having a physical robot as a group facilitator. I then present the technical effort to develop a fully
automated group facilitation robot, followed by reporting results of an evaluation study.
In Chapter 6, I present a machine learning model to detect disagreement in group conversations. I
describe the datasets used to train the models, as well as the data processing and NLP techniques
I utilized to train a disagreement detection model.
In Chapter 7, I propose a disagreement management strategy to be delivered by the group
facilitation robot. In a wizard of Oz study, I evaluate the effects of active disagreement
management interventions by comparing them with passive interventions to resolve a
disagreement in a group discussion.
In Chapter 8, I report the qualitative findings from the interviews I conducted with participants in
the user study and the focus group I conducted with real work-place employees.
In Chapter 9, I present an analysis and discussion of the findings of my studies, highlight design
guidelines and implications for group facilitation systems, and discuss directions for future
research.
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Chapter 2: RELATED WORK
2.1 Small Group Dynamics and Challenges
Different aspects of small groups; from the group structure and ecology to the group performance
have been investigated by social psychology researchers over the past 70 years [172]. Social
psychologists have studied the member roles and tasks to classify the individual behaviors in group
structure. Back in 1948, Benne and Sheats proposed a schema for functional roles in small groups
introducing 26 roles for members of a group, under three categories: task roles (e.g., initiator,
information seeker), social roles (e.g., harmonizer, follower) and individual roles (e.g., aggressor,
dominator) [66]. Drawing from Benne’s work, Bale has proposed a behavioral coding systems for
analyzing the interactions among individuals in a small group [9]. Bales’ Interaction Process
Analysis (IPA) model contains 12 behaviors related to social and task roles, under 4 categories:
integrative/positive reaction, attempt to answers, questions, and negative reactions.
Regarding the group performance, researchers suggest that the group’s goal and task are among
the main defining factors of any group, in order to perform. The group performance is usually
examined in a problem-solving or a decision-making setting where multiple individuals
collaborate to make a decision out of several alternative options. In small groups, the performance,
the decision-making process and the outcome could be potentially influenced by several factors
including the social influence among members, groupthink, group polarization, and shared
information biased. In the following paragraph I will describe how the group dynamics and
challenges such as meeting structure and conflict that could impact the group performance.
“Social impact theory” by Latane describes the social impact as a function of three social forces:
strength (power) of the source of impact (e.g., the age and social class), the immediacy of the
event, and the number of individuals in the target group [116]. This theory characterizes the
complex interactions among different social factor in groups which together determine how
individuals in groups are impacted by the other members. It also describes how lacking an agenda,
besides having derailers and dominants in a meeting, often result in frustration and going off-track
in meetings.
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Conflict and disagreement are among the most common challenges in a collaborative work
environment which could impact the group performance both positively and negatively.
Researchers have identified three types of Intragroup conflicts: relation, task, and process conflict
[95]. Jehn studied the structure of 105 work groups and concluded that conflicts may benefit the
group depending on “the type of conflict and the structure of the group in terms of task type, task
interdependence, and group norms.” I will review the previous work on conflict and conflict
management frameworks later in this section.
Last but not least, Groupthink is another major challenge when a group of individuals collaborate
to make a decision. Groupthink was introduced by Irving Janis for the first time in 1971 when he
was trying to explain the reason behind some of the wrong foreign policy decisions made by a
group of noble people [82]. This phenomenon refers to malfunctioning of decision-makers as they
collaborate in a group because of a high tendency to keep the ingroup harmony and cohesion which
may result in them being less critical of their leaders and colleagues’ opinions to minimize the
conflict in the group.
In a review paper about Group Support Systems, Nunamaker et al. examined different factors that
could affect a teamwork negatively including domination, lack of focus, hidden agenda, conflict,
distractions and poor planning [149]. They reviewed the Team Theory and proposed a model for
group-ware evaluation. Based on Team Theory the cognitive load of individuals in group activities
is divided among three processes: communication, deliberation, and information access [149].
Nunemaker's groupwear grid suggests that any technology intervention should aim to support one
or more of these three cognitive processes to improve the productivity of the group.

2.2 Conflict and Conflict Management Strategies in groups
In this section, I first describe the intragroup conflict, different types of it, and the ways in which
it affects the teamwork and members’ emotions. I then review the conflict management theories
and frameworks.
“Intragroup conflict is defined as the degree to which members have real or perceived incompatible
goals or interests.” [198] Research on group conflict in the past two decades has introduced four
types of conflicts resulting from different forms of disagreement among group members: task
conflict, relationship conflict, process conflict, and status conflict. The first two types of conflict
were introduced in a series of classical studies around 1995 based on work-related and personal
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conflicts [9] [24]. Task conflict, as its name suggests, results from disagreement over ideas, and
perspective about the group task, while relationship conflicts refers to interpersonal clashes and
tensions [198]. The third form of conflict (process conflict) is about “how” responsibilities are
assigned to members for task completions[94]. Status conflict, defined by Bendersk is about the
hierarchical power relationships in organizations where people may disagree to one another to
advocate their social positions in the power hierarchy [76].
Task conflict is associated with both negative and positive effects on group members in the past
research. This type of conflict can impair the group satisfaction and emotion, when members feel
they do not receive a positive assessment from their teammates [42, 201]. Group performance
could be also affected by task conflict, as disagreement in group can create extra distraction and
cognitive load (e.g. [31]). However, effects of task conflict on the group are not always negative.
De Wit has conducted a meta-analysis on 116 empirical studies to investigate the effects of four
types of conflict on group performance. Results of his investigation on the total of 8880 groups
interestingly indicated that task conflict is not always harmful, but it can even improve the group
performance in the absence of relationship conflict [198].This positive correlation between task
conflict and performance can be described by the fact that different and even conflicting ideas in
groups provides the members with the chance to view each topic from different perspectives, and
consequently increase their understanding of the task [4]. However the three other forms of conflict
all were shown to be negatively correlated with the group performance [4] Task conflict is the
most common type of conflict in groups, and in this research I focus on that in the newly formed
small groups with no previous relations, to simplify the scope of the project. Related to the domain
of my research, in the next paragraph I delve into depth in task conflicts to review the influencing
factors on that.
As mentioned earlier, several studies showed that task conflict can only help the group when there
is no personal (relational) conflict among the members [199]. For example, people with higher
level of emotional stability, openness [25] as well as the emotion regulation [48] in a group are
more likely to benefit from task conflict, by decoupling task and relations. Team atmosphere is
also important; for example, when the level of trust is high among members of a team, they are
less likely to connect task conflict with emotions and personal relations.
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Previous studies have also examined effects of different conflict management behaviors, and task
types on how task conflict affects the group outcome and cohesion. The results however, are
somewhat mixed, as Tekleab and Quigly confirmed the moderating effect of conflict management
on task and relationship conflict, but they showed that less strict conflict management approaches
inflame the benefits of task conflicts for group by increasing the group cohesion, (for relationship
conflict, more strict conflict management styles were shown to be more effective on cohesion,
though) [178], while [51] suggested that active management of conflicts and engaging members
in making consensus will increase the positive effects of task conflict. In a similar vein, studies on
the task types suggested mixed results. Several studies showed task conflict is more positive for
nonroutine tasks such as creative brainstorming, versus routine tasks (e.g. decision making) [93]
[35]. But DeWit did not find any difference in the relationship between task conflict and group
performance across mixed project, creativity and decision making, and planning tasks [198].
Overall, task conflict is the only type of conflict that can potentially benefit the group outcome
[198], and this is why many companies cherish this type of conflict in their culture, and researchers
seek to investigate the right balance and conditions to maximize the benefits of task conflicts in
groups. Concluded from past research on task conflicts, it is clear that “the effective management
of conflict is critical” to optimize its effect [76] , otherwise the group cohesion and performance
could be harmed by any unmanaged conflict. The two main team development theories also [73]
[185] confirms that conflict management in the middle stage (storming stage-Tuckman’s model)
is crucial for team performance. In the rest of this section I review the literature on conflict
management styles and framework.
Since the recognition of conflict as one of the impacting factors in group decision making,
researcher have investigated the conflict management models with the goal of maximizing the
positive outcomes of conflict and decreasing the negative outcomes. The history of research on
conflict management styles and techniques can be traced back to the 1960s when Blake and
Mouton proposed five classes for interpersonal conflict management focusing on “concerns for
people” and “concerns for task”: forcing, withdrawing, smoothing, compromising, and problem
solving. A decade later, researchers began to focus more on the concerns of the two sides of a
conflict. This approach resulted in several conflict management models in 1970s including
Thomas-Kilmann Conflict Mode which introduces five modes along two dimensions: “(1)
assertiveness, the extent to which the person attempts to satisfy his own concerns, and (2)
22

cooperativeness, the extent to which the person attempts to satisfy the other person's concerns.”
The five conflict handling behaviors in their model are: competing, accommodating, avoiding,
collaborating and compromising. Similar models have been developed with the same approach
[114], [51] [160]. Rahim proposed a meta-model with five approaches for conflict handling in
groups: Integration which involves openness, encouraging to exchange information, and offering
wide range of alternatives, and examining to solve the problem. Obliging refers to attempts to
minimize the differences and highlight the commonalities to satisfy the concern of the other party.
Dominating approach in which one side of the conflict only focuses to win his or her objective
and, consequently often ignores the expectations of the other party. The fourth approach is
Avoiding when a party fails to satisfy his or her own concern as well as the concern of the other
party. Compromising is the last approach and involves give-and-take whereby both parties give up
something to make a mutually acceptable decision [160].
Conflict management can be also examined from a facilitator or leader point of view. Greer
suggests three tips for managers to handle conflict in their groups: First, understand the topic of
conflict, second, identify people motivation of engaging in the conflict. Finally, monitor the
emotional status of the group and every individual to take a proper action when anyone becomes
emotional. Poole has also mentioned actions for effective conflict management that can be
incorporated in GDSS. The conditions include: stay focused on the problem rather than emotional
and personal relations, considering a wide range of alternative solutions, creating a cooperative
atmosphere, and enforcing an organized and orderly process. He also declared that enforcing the
final decision to the group or artificial conflict-reducing devices can be very harmful for the
conflict resolution in groups [158]

2.3 Group Facilitation
Much research has suggested that having a group facilitator can improve the group performance
and decision making effectiveness, by enforcing a structured decision making process [21] [188]
[134]. Thus, a number of Group Decision Support Systems (GDSSs) have been designed to support
or even replace some of a human facilitator’s roles. For example, to tackle lack of leadership in
distributed groups, Farnham et al. customized a chat system to enforce the structure of the
communication and the group decision-making process. This system is designed specifically for a
hiring decision making scenario, where the user groups need to follow the three steps to make a
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decision of a best job candidate: 1) discuss the problem; 2) fully explore each alternative; and 3)
rank the alternatives. The evaluation user study proved that the participant groups using the system
were more likely to reach consensus, made higher quality decisions and showed a greater recall of
discussions [61].
In 1991, Stephen Viller examined the role and responsibilities of a group facilitator in computer
supported cooperative work (CSCW), and discussed the extent to which this role should be
automated in the group setting. He described how the importance of facilitator's role changes over
the group’s lifecycle, from more central role in the beginning, to providing macro interventions
from the background in the middle stage, and again becoming a key role integrating the ideas and
wrapping up the meeting. In that regard, Brochet also suggested 20 responsibilities for meeting
moderators based on the temporal stage of the meeting: a) Successful beginnings; b) Nurturing the
introductory stages; c) Maintaining the mature conference; and d) Wrapping up the conference
[28]. Regarding the membership status, the facilitator can be either separate, included but different
in the group, or totally a member of the group. Viller also reviews five common challenging
scenarios in meeting and possible interventions for the facilitator (interpretation or direct
intervention). As identified by Viller the five generic meeting problem that can be improved by a
group facilitator, include lack of structure, domination, conflict, lack of progress record, lack of
engagement [188]. Nunamaker et al. have also declared four functions [22] for an electronic
facilitator: “(1) provides technical support by initiating and terminating specific software tools; (2)
chairs the meeting, maintaining and updating the agenda; (3) assists in agenda planning; and finally
(4) provides organizational continuity, setting rules and maintaining an organizational repository.”

2.4 Computer-supported Systems for Group Facilitation
There has been numerous research efforts attempting to leverage Artificial Intelligence and
pervasive computing to improve group performance. Researchers have developed systems to
facilitate group communication, support the decision-making process, and even manage the
ingroup conflict in the workplace. In this section I review previous work on computer-mediated
systems to support collaborative work in groups.
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2.4.1 Group Decision Support System
Teams often sit together to make decisions that reflect common interest and goals, and researchers
have built systems to support that. The term group decision support systems (GDSSs) refers to a
broad collection of computer technologies that support problem formulation and solution in group
meetings, including electronic messages, visualization, data analytic tools and group recommender
systems. In a 1987 foundational paper, DeSanctics and Gallupe [54] defined a taxonomy of three
levels of GDSSs. Level 1 GDSSs provide technical features aimed at removing common
communication barriers, such as large displays for sharing ideas, preference solicitation, and
anonymous input. Level 2 GDSSs provide decision modeling techniques aimed at reducing
uncertainty in group decision processes, often providing automated planning and analytical tools.
Level 3 GDSSs are characterized by machine-induced communication patterns with formalized
procedural rules (e.g., parliamentary procedure). Within the HCI community, the studies of GDSSs
can be traced back to the 1980s. Poole et al. [157] conducted a study to systematically understand
the impact of GDSSs on the communication process of groups engaging in conflict management.
They compared baseline groups, to both manual and computer supported groups. The computer
supported group used a Level 1 GDSS, with a display of problem definition, criteria for evaluation,
alternative solutions and the current voting status of the group, while the manual supported group
had only a pen and paper version of the GDSS. Their work suggested seven types of benefits that
GDSSs could provide for group conflict management, including improving expression of affect,
emphasizing expressed positions, de-emphasizing personal relations, equalizing member
participation, making process clearer, influencing course of the conflict, and stimulating
exploration of alternatives.

2.4.1.1 Intelligent Group Decision Support System:
Intelligent Decision Support Systems (IDSS) refer to systems that adopt AI techniques and
computing technologies to provide decision makers with an additional support. The services
provided by an IDSS include; data mining and information retrieval to acquire a knowledge from
existing data, representation and reasoning based on the acquired knowledge, identifying problems
and suggesting possible solutions [187]. Expert systems are a well-known type of IDSS that
simulate the decision-making process by a human expert [92]. Related to the topic of my work, in
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the following paragraphs, I review previous research on IDSSs for supporting collaborative work
in groups.
Collaborative group work requires members to be able to communicate, share document and
information, brainstorm and vote [187]. As identified in a framework by DeSanctis and Gallupe
[54] Group Support Systems (GSS) in a decision room, web-based GSS, multimedia presentation
and document sharing are some of the support technologies for group meetings happening in the
same time and same place [54].

2.4.2 Smart Group Meeting Rooms
Smart Meeting Rooms (a.k.a Intelligent Meeting Rooms) are usually equipped with different
sensors, multiple cameras and microphones to capture details of a meeting and detect contextual
information [131]. Yu and Nakamura have explored the existing research and technologies for
Smart Meeting Rooms (SMR), and presented an overview of different attributes of a SMR. They
introduced a three-level architecture for SMRs based on the existing work. The first level is
“meeting capture” containing the input devices such as camera, microphone and other sensors to
record video, audio and other contextual data. The second layer is “meeting recognition” that is
responsible for providing low-level information from the recorded data. The input data are
analyzed in this layer, and output information such as; the speaking participant, transcripts and
summary of the meeting, and recognized activities (e.g., gaze toward the board, or presenting).
Another potential output of this level is hot spot recognition. Gatica-Perez et al. used audio-visual
cues to detect the level of group interest and engagement [68]. In another example, Wrede and
Shriberg adopted prosodic cues to detect hot spots in meetings and found that F0 and energy are
able to predict ‘involved’ and ‘non-involved’ utterances in meetings. The last level in this
architecture, is “semantic processing” layer which gets the output of recognition layer, and prepare
understandable information for the final user. Annotating, indexing and browsing are the
techniques used in this layer, when the first two classify the raw data by creating labels for meeting
segments, and the later technique enables the end user to interact with the meeting data by
providing a visualization of the extracted features of the meeting [202]. Figure 1 shows the generic
architecture with basic modules of a smart meeting system as depicted in [60].
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Figure 1. Generic architecture of a smart meeting system [60]

Development of such SMRs can be traced back to late 1990s when Alex Waibel at Carnegie
Mellon and his colleagues introduced SMaRT: The Smart Meeting Room Task with the goal of
keeping human focused on their task instead of the tool. SMaRT can identify participants and their
emotions and activities such as entering the room, and speaking, events such as phone ringing and
doors opening, and their focus of attention. They also developed a rich meeting browser module
which enables the user to easily review different aspects of the meeting such as summaries, records
and conclusions [191].
EasyMeeting is a smart meeting room developed by Chen et al. that provide relevant information
to facilitate participants’ tasks based their contextual needs. Design of this SMR is focused on
providing context-aware support to the participants while protecting their privacy. EasyMeeting
was built on a pervasive computing system and a context broker architecture that acquires and
maintains a context for each entity in the meeting to help the system decide on which service it
should provide. The services include predefined speech recognition, verbal presentation command,
and music and lighting control [37]. In the same line, there have been several studies focused on
the group facilitation services which I review in the next subsection.
Besides GDSSs and Smart Meeting Rooms, researchers have also developed systems specifically
to support and facilitate group activities. Research in this area is both focused on the detection of
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group status and individual group-related behavior, and providing services such as floor
management and meeting summarization.

2.4.3 Automated recognition of decisions and conflicts in group decision making
sessions
Several studies have leveraged AI techniques to detect specific events in a meeting such as
decision-making moments or disagreement between members. For example Kim and Rudin
applied supervised and unsupervised algorithms on AMI dataset1 to predict when important actions
related to a decision take place in a meeting and found SVM-based models and Naive-Bayes
Gaussian were able to predict key decision times with F-measure greater than 0.84 [107]. Many
researchers attempted to detect conflict behavior in group conversations. Germesin and Wilson
explored different sets of features that can better detect agreement and disagreement utterances in
a meeting. They included lexica, prosodic and structural features in two machine learning models
(a decision tree and a conditional random field (CRF)) and found CRF model without in higher
level information labeling resulted in more precise prediction of (dis)agreement [70]. Several
papers also investigated the automatic detection of (dis)agreement in discourse based on nonverbal
behaviors. Bousmalis et al. describe the nonverbal behavior cues of agreement and disagreement
group conversation. They also reviewed several available databases and 8 papers that used
machine learning classifiers to detect (dis)agreement in discourse [23].
Computer-aided floor management programs have also received great attention from researchers.
Chen et al, presented a new schema to predict floor control related behaviors, by annotating verbal
(speech) and nonverbal (gestures and gaze) behaviors in two meeting sessions from VACE multimodal meeting corpus. They introduced four transitional behaviors related to floor control: change,
overlap, stop and self-select. They also found that the meeting leader or facilitator plays an
important role in floor transitions [38]. In another study Chen et al, applied machine learning
algorithms to automatically detect floor control shifts based on verbal and nonverbal features [39].

1

AMI is multimodal corpus of group interactions contains more than 100 hours of meeting recordings. The
recordings are annotated with several structural and behavioral tags such as dialog acts, adjacency pairs, arguments
(positive, negative, uncertain) and hand gestures. [See section 6.3 for more details]
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2.4.5 Robots and Conversational Agents for Human Groups
In 1996 Nass and Moon initiated the research on the feasibility of having computers as teammates
and found that people affiliate with a computer as team when they are told that their evaluation is
interdependence with the computer [77]. Advancements in robotics technology caused an
increasing trend in the employment of robots in groups to support the teamwork in a wide range
of tasks from invasive surgeries to space missions in recent years. Several researchers have also
explored how the presence of robots in teams can affect the team performance, while robots’
impact on the team interaction has received less attention. Malte Jung has hold two workshops at
CHI and CSCW conferences and discussed the robot's social impact in groups and how placements
of robots can influence the group dynamics in organizations. Earlier in 2015, Malte and his
colleagues also explored using robots to moderate team conflicts through a Wizard-of-Oz study in
which a robot attempted to repair interpersonal violations while a group of 3 people were solving
a problem [100]. In [98] Jung reviewed previous work on the role of emotion and affect in HumanRobot-Interaction and introduced affective grounding as one of the essential pillar in coordinating
HRI. He proposed that building shared understanding of team member’s emotion and emotion
regulation in a group is important for developing a relationship in HRI.
In regard to group failitation, Yoichi Matsuyama has conducted a series of work investigating how
robots can facilitate the interaction among individuals in a small group, specially through engaging
all participants in the conversation and managing the floor.

They proposed a facilitation

framework to balance the participants’ engagement in the conversation, based on the functional
roles in small groups introduced by Benne and Sheats [66], and the participation structure by Clark
[126].
Groom and Nass have revisited the human-computer collaboration by exploring “robots” as
teammates in 2007. They first cited the features of successful team such as sharing a common goal,
trust in each other, share mental models and viewing interdependence as positive. Then they
discussed how robots fails to meet many of these requirements and therefore are not qualified to
be teammates. They stated that robots are unable to establish trust, have mental model and
subjugate individual needs for the benefit of team, thus they cannot be “teammates”, and most of
the human-robots team introduced in previous research are in fact “human-robot organizational
structures”. After introducing a benchmark for human-robot teams, they recommended researchers
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to focus robots’ advantages and special abilities in groups, instead of trying to “make robots into
people” [77]. In another word researchers should study how robots can assist and complement
human tasks in teams, rather than trying to replace human roles in teams. They concluded by
proposing a 4-question benchmark for researchers to determine the best model for HRI.
Conversational agents (CAs) are computer systems designed to interact with users through natural
conversations. Numerous researchers have discussed the design, development, and evaluation of
CAs that are designed for for 1) Task-oriented personal assistance services via short-term
interactions; or 2) Goal-oriented interactions to provide training or counseling content to help users
achieve goals, or promote behaviors over long-term intervention. I consider a group facilitation
agent to belong to the latter category. Studies have explored the potential use of goal-oriented CAs
in various domains, such as healthcare and education. Studies showed these agents can improve
the task outcomes in various domains such as healthcare and education. For example, Graesser et
al. developed AutoTutor, an animated pedagogical agent that interacts with a learner through
natural conversation [74] and exhibited the agent significantly improved students’ learning by
engaging them in an interactive conversation. Although the research on CAs mostly was focused
on individual interactions, there is also a body of literature on virtual and robotic agents in
multiparty interaction [19, 124]. For example, Kumar and Rose proposed a new architecture for
building pedagogical agents to enable them to handle complex interaction dynamics in a multilearner collaborative environment [19]. Bohus and Horvitz also proposed a model to represent a
CA’s turn-taking behaviors by gaze, gestures and speech. Such a model could smooth the CA’s
speech flow in a multi-party conversation. They used a voice activity detector and a basic turntaking policy. It takes the floor when someone asks her a question, or when the floor is released to
someone else, but that person does not take the floor [19].

Summary of Related Work and My Work Contributions
Reviewing different challenges influencing group performance and previous research on how
human facilitators and group support systems may be able to address some of these challenges,
point to the great potential of employing intelligent systems for group facilitation. While there has
been a significant amount of research in related areas, most of them were focused on information
(e.g., Information search and retrieval) and documentation facilitation (e.g., information sharing
and transformation, recording the meetings, integrating equipment) [105], rather than relational
30

facilitation and group interactions which are the targets of this work. My research is unique in that
it explores the use of a humanoid CA in the role of a group meeting facilitator. The specific
functions—including meeting structure management, participation management, and conflict
resolution—also represent novel contributions. Whether people accept and follow a computer
agent as a facilitator in the group, and whether the agent can accurately detect and effectively
manage the conflicts, invite empirical research that I sought to address in my research.
This work aims to explore CAs’ role in the less-studied context of group decision making. In this
work, I describe a conversational agent that supports group decision making tasks, with capabilities
to enforce a more structured meeting process. In contrast to [61], I focus on group decision making
that happens at the same time and in the same place. According to McGrath’s typology [184], such
a task covers four modes— inception, problem solving, conflict resolution, and execution, and a
successful collaboration should fulfill the requirements of three functions—production, wellbeing, and member support. Unlike the passive GDSS in [61], my agent system is designed to
imitate a human facilitator by providing pro-active and humanized facilitation. Previouse research
has shown that GDSSs are most effective when used with a human facilitator in a meeting [6], and
my group facilitation system aims to offer best of both worlds by providing some of GDSS’s
functionalities via an interactive human-like computer agent. My system leverages the humanlikeness of a conversational agents besides the unique capabilities of virtual agents (such as
holding a natural point of view and access to information) to facilitate a group decision-making
task. My agent should be considered a Level 1 GDSS, according to [54] (2.4.1). However, my
interactive agent systems are able to support not only the decision-making process (production),
but also positively influence the interactions of group members (well-being and member support).
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Chapter 3: GROUP FACILITATION SYSTEM
FRAMEWORK
The previous work on small group dynamics and group facilitation –described in the last section–
demonstrated the advantages of having a facilitator in a group decision-making setting. However,
the high costs of training and hiring professional facilitators prevents many groups from using
them. The recent advances in conversational systems, as well as the previous work on the
efficiency of computer programs in assisting groups, point to potential opportunities in using
automated and conversational systems to facilitate group tasks. In this chapter, I present a
framework for an automated group decision-making facilitation system guided by an embodied
conversational agent that provides multiple types of facilitation during the group meeting lifecycle
(opening, middle stage and closing [52]). This framework particularly focuses on group decisionmaking meetings, that happen synchronously and in the same place, as a ubiquitous example of
group meetings.
I propose to develop an Automated Group Facilitation (AGF) system to support and facilitate
group decision-making tasks. The AGF system is guided by a Virtual Facilitator (VF) that is an
embodied conversational agent designed to deliver the services and interventions provided by the
AGF system. The AGF system’s goal is to address the common meeting problems identified by
previous research on group decision-making such as: off-topic discussion (lack of structure),
domination and unequal participation, conflict and tension, ineffective progress [188, 196]. In the
following paragraphs, I review the essential processes required to support an automated group
facilitation system.

3.1 Essential Processes to Support Automated Group Facilitation
3.1.1 Perception of the Virtual Facilitator as a Group Member
To act as a peer group member and to interact with other members of the group, the Virtual
Facilitator (VF) should be able to simulate some human-like social behaviors. A virtual agent that
is capable of conducting a quasi-natural conversation can be perceived as a social entity by the
group members. Moreover, an anthropomorphic conversational agent with human-like face and
nonverbal behaviors such as gaze and facial expression will allow participants to treat it as an
intelligent social entity with a persona. For example, the agent can show emotions or active
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listening behaviors by moving her eyebrows, lips and nodding her head. More importantly, a
conversational agent (CA) that takes the group facilitator role should be perceived as an authorized
and intelligent member to make participants attend and adhere to her instructions. Justine Cassell
suggested that the agent’s embodiment helps users to better locate its intelligence and power [34].
Considering these requirements, I hypothesize that a CA with human-like embodiment would be
more appropriate for a group facilitation role because it improves the perception of social behavior,
intelligence and authority. I test this hypothesis in the first feasibility study.

3.1.2 Supporting Multi-Party Conversation
Another important feature of the group decision-making setting is the involvement of multiple
humans in the interaction, so a VF should be able to support multi-party conversations. To
communicate with multiple users, the agent needs to receive inputs from multiple sources, process
them, detect the speaker and addressee, and understand the speech input to provide the right action
or response. A virtual facilitator also requires turn-taking management capabilities. For example,
she should know which participant is speaking, and show that she is listening. A VF should indicate
her intention to talk and gazes toward each participant when s/he is expected to talk.
To satisfy the requirements of the automated group facilitation system, I propose a 3-layer
framework to support all the group interactions and provide proper intervention (by the VF). This
framework adapts the Smart Meeting Rooms’ architecture[202] and integrates it to the
conversational agent structure.

Figure 2. The AGF System Architecture for Decision-Making Meetings
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3.2 Framework and Intervention Processes
Figure 2 shows the framework of my proposed Automated Group Facilitation (AGF) system. The
AGF system obtains the audio data from microphones attached to each participant, to capture their
speech in the meeting (Layer 1 of AGF architecture). The system uses an in depth camera to see
the group members and detect their attention direction. Participants are also provided with a simple
application running on a two touch screen tablets in the room. The application provides support
for the specific group task (e.g., tanking the items and sharing the decision status). The inputs from
this interface allow the system to detect the stage of the meeting and provide some contextual data
about the ongoing decision. In order to have pro-active, and just-in-time interaction with the group,
the system relies on the second and third layers of AGF architecture: meeting recognition and
semantic process. In the second layer (Layer 2 of AGF), the collected data are processed and
generate low-level information such as each speaker participation (from a voice activity detection
module), keyword spotting, and conflict moments. In this second layer, the system also gathers
data needed for agent’s turn taking and nonverbal behavior (e.g., gaze). The third layer gets the
analyzed information from the second layer and provides the intervention actions for managing
structure, and conflict (Layer 3 of AGF). For example, the ‘Participation Management’ module
receives the participation data form layer 2 and passes a signal to the dialogue manager to nudge
the less active participant at certain points during the meeting (e.g., at the end of each stage).
Finally, the output of the third layer goes to the dialogue manager. For more details on each of the
modules of AGF framework, please see Chapter 5.
In the group decision-making facilitation system, the CA provides active facilitation throughout
the stages of the meeting. The agent’s facilitation tasks are categorized into two groups: General
meeting facilitation and Decision-Making facilitation. Table 1 shows how the agent delivers these
two types of facilitation throughout each stage of the
group meeting.
Meeting initiation: The agent initiates the session
with greeting and introduction. She then introduces
the parties and socializes with them (icebreaking).
Next, she sets an agenda, ground-rules and norms,

Figure 3. Facilitator’s role in the group life cycle
based on [71]

34

and defines the task, goal and decision-making process (grounding).
Middle stage: The agent attempts to enforce the structure of the decision-making process, to push
the group to move forward and stay on track. She offers effective handling of possible
disagreements, floor management, and engagement of less active members by encouraging equal
participation. The system also provides computer-mediated tools for idea sharing and voting.
Emergence of ideas and conclusion: The agent keeps a record of group progress, summarizes the
decisions, and concludes by announcing the final decision. Finally, she wraps up and generates
post-meeting reports.
Table 1. shows all the services provided by the system in different stages of the meeting.

Assistance Type→
↓Meeting Phase
Beginning and intro

Maintaining (Middle Stage)

Ending and wrap-up

General Meeting
Facilitation
Greeting, making
introductions, social chat
(ice breaking), grounding,
setting up goals and rules,
describing agenda
Presenting and following
agenda, enforcing
structure, balancing and
engaging equal
participation, recording
progress
Announcing conclusions
and action items, thanking
participants and making
farewells

Decision Making Facilitation
Decision Process
Conflict Management

Providing information
support,
communication
support, and rule-based
temporal intervention

Detecting conflict,
involving participants
and resources, and
managing conflict

Providing a step-bystep report,
summarizing, and
wrapping up

Douglas[59] described a variable role for the central person in a meeting depending on the group’s
development phase. In this design I follow Douglas’s description for the facilitator’s role, thus
although the agent plays an important role in the beginning of the meeting and in setting the
agenda, her general facilitation role is depreciated in the middle stages of the group’s lifecycle
when the group is more focused on the decision-making process. Instead, the agent provides more
support for the decision-making process in that stage [Figure 3].
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Last but not least, in this design, the group follows a 4-step decision-making process adapted from
the ‘Nominal group technique (NGT)2’ in a small group.
1- Silent generation of ideas, reviewing the options and initial rating
2- Sharing idea and brief explanation
3- Group discussion: I) Criteria discussion, II) Eliminating unfavored options, III) Reaching an
agreement
4- Final voting and emerging the options
In this research, I focus on two primary services of the automated facilitation system that are
provided to improve the group decision making experience:
A. Meeting facilitation (Enforcing meeting structure and participation management)
B. Decision-making facilitation (Conflict management)
In the following paragraphs I describe how AGF framework supports each of these two services:

A) Meeting Facilitation
Previous research on meeting dynamics showed that having an agenda [177] and following it [164]
are very essential for meeting efficiency. Also, one of the main tasks of group facilitators is to
manage the meeting by keeping the discussions on track and ensuring the group follows the agenda
[143, 188]. In AGF architecture (Figure 2), the Virtual Facilitator (VF) uses audio and inputs from
the tablet application to track the meeting stage [42], and provides proper interventions based on
the meeting stage, time and content. For example, to circumvent off-topic or inefficient discussion
as main derailing factors in the meetings, the VF enforces the meeting agenda by asking targeted
questions or reminding participants of the time. The system also analyzes the Automated Speech
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NGT is a procedural group process that is widely used for effective decision making. NGT

process involves 5 stages to identify the problem, generation and sharing of solutions and making
a decision.
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Recognition (ASR) output and uses an off-the-shelf keyword detection module to provide contentbased interventions.
Another common problem in meetings that can be improved by a facilitator is lack of participation
or unequal participation [164, 188]. Prior work in CSCW community has also investigated how
technology can enhance group collaboration [110]. In order to equalize the members’ participation
in AGF system, I use a Voice Activity Detection (VAD) algorithm to monitor each member’s
speaking time. The VF uses the output of this algorithm and engages the less active participants
(e.g., by asking his/her ideas) and/or notifies the dominating members implicitly.

B) Decision-Making Facilitation (Conflict Management Intervention)
Group conflict is inevitable in collaborative decision making tasks, and it impacts the group
feelings and performance [76]. There are different types of intragroup conflict that I reviewed in
the related work sections. In this work, I focus on task conflict as the most prevalent type of conflict
in newly-formed groups[200]. Task conflict results from disagreement over ideas and perspectives
about the group task, and research has shown that unmanaged task conflict can impair group
performance seriously [198]. The two main team development theories also [73] [185] confirm
that conflict management in the middle stage is crucial for team performance.
For efficient conflict management, the AGF systems first needs an adequate model for detecting
conflict moments. Prior research has investigated the use of verbal and non-verbal cues for
detecting points of disagreement or conflict [23]. For example, Germesin and Wilson could detect
agreements in a multiparty conversation with good accuracy by training a supervised machinelearning model on different voice features. In this work, I use deep learning-empowered methods
to detect logical conflicts during the discussion. In order to detect the points of argument from the
speech and voice data, I train a deep neural model on a public group conversation dataset. I model
the data with different machine learning networks (e.g. LSTM and BERT) to examine the best
model for detection of (dis)agreement from the verbal communication.
Upon detecting a conflict, the system attempts to manage it by providing a proper intervention.
According to conflict management tips [158], the facilitator or the leader of the meeting should
first assure that everybody’s idea is heard. Then the virtual facilitator attempts to raise a wide range
of alternatives and create a cooperative atmosphere for discussing different aspects of a topic (see
chapter 7 for more details). In the Future Work section, I discuss other potential interventions (e.g.
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offering private messages to each member to justify contrasting points of view. ) that could be
delivered by the AGF system for smooth handling of a conflict in a team.

Figure 4. Overview of the Group Decision Making Facilitation System

Figure 4 shows an overview of the experimental procedure, showing how the system aids the group
during the different phases of the meeting lifecycle.

Relation to Existing Work on Group Decision Facilitation
DeSanctis et al. defined three types of Group Decision Support System (GDSS) within the
information-exchange perspective of GDSSs[54]. They suggested three possible support features
for a GDSS when the task purpose is “CHOOSE” and the task type is “Preference”. For such a
task, a type1 GDSS may have a voting and ranking schema to remove communication barriers. A
type2 GDSS can enforce a structured decision-making technique such as the Delphi method or the
Nominal Group Technique to reduce the decision uncertainty and noise. Finally, a type3 GDSS
for a preference task can apply rules and patterns (expert advice) to improve the decision quality.
These rules include emphasizing equal time for sharing ideas, and/or limiting the time for each
stage. Following DeSanctis’s taxonomy, my AGF system provides two of the common services of
computer-mediated GDSSs: information support and communication support. It also provides the
voting schema, as well as guidance to keep the meeting structure and temporal rules.
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Chapter 4: Prototype I – EXPLORING THE EMBODIMENT
OF A GROUP FACILITATION AGENT
I am interested in increasing the ability of groups to collaborate efficiently by leveraging new
advances in AI and Conversational Agent (CA) technology. Given the longstanding debate on the
necessity of embodiment for CAs, bringing them to groups requires answering the questions of
whether and how providing a CA with a face affects its interaction with the humans in a group. I
explored these questions by comparing group decision-making sessions facilitated by an embodied
agent, versus a voice-only agent. Results of an experiment with 20 user groups revealed that while
the embodiment improved various aspects of group’s social perception of the agent (e.g., rapport,
trust, intelligence and power), its impact on the group-decision process and outcome was nuanced.
Drawing on both quantitative and qualitative findings, I discuss the pros and cons of embodiment,
argue that the value of having a face depends on the types of assistance the agent provides, and lay
out directions for future research.

4.1 Introduction
Computer technologies have changed collaborative work in profound ways. Recent advances in
Artificial Intelligence (AI) and Conversational Agents (CAs) spark new excitement for bringing
technologies endowed with human roles and human- like behaviors into collaborative processes.
By enabling inter- actions in a more natural form–conversations–CAs can potentially dissolve
human-human and human-machine interaction boundaries by sensing, listening to and taking
active roles in group activities. One of the roles a CA may take is to act as a group facilitator. Even
if CAs cannot behave realistically like a human facilitator, many key functions of group facilitation
(e.g., multi-party conversation monitoring [124], agenda setting [128], and preference elicitation
[41]) are the targets of current research and technology development. I think the time is ripe to
consider the key design issues for group facilitation agents. In this chapter, I revisit a fundamental
question that the HCI and CA communities have asked before: “Does a conversational agent need
a face?”
Many pioneers in the research communities are advocates of embodiment. Some of the proarguments were documented in the 2000 book Embodied Conversational Agents edited by Justine
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Cassell et al. [34], where she argued that having multiple modalities including gaze, face and
gesture is the only way to attain human-like intelligence. Otherwise users would have trouble
locating both task-related capabilities and social intelligence, because we are wired to exhibit
social behavior such as turn-taking and affect. However, the CAs entering the mainstream market
in recent years–the most popular being Apple’s Siri, Amazon’s Alexa, Microsoft’s Cortana, and
IBM’s Watson–do not have embodiment beyond simple icons or inanimate objects.
Many argue that, even putting costs aside, embodiment may not be necessary for CAs [50, 83,
139]. Empirical evidence about the necessity of the embodiment is mixed. Some literature [15, 75,
176] suggests that embodiment could improve subjective impression of the agents such as
trustworthiness, and thus interaction engagement, but not necessarily objective performance of the
tasks that the agent assists in [52]. There seems to be a pattern that for tasks that require continuous
engagement (e.g., tutoring), embodiment of the agent improves task performance [8, 137]; whereas
for more “sporadic” interactions where agents only occasionally respond or prompt, embodiment
may not benefit task effectiveness and it is not necessary to have an agent continuously “being
there” [50, 83]. These arguments may underly the design of popular text- or voice-only personal
assistant type of CAs.
What should we expect for a group facilitation agent? On the one hand, if the main function of a
facilitation agent is to enforce a structured and balanced process, the system would continuously
sense the context, but only interact sporadically. In this case, embodiment may not be necessary.
On the other hand, if embodiment leads to more positive social perception of the agent, the benefit
of embodiment may go beyond that observed in individual interaction settings. First of all, because
enforcing structure implies attention and compliance, a more socially favorable agent may be more
effective in im- proving group processes and outcomes. Secondly, affective benefit is often
emphasized in technologies supporting collaborative work because it can improve social and
collaborative process [130], and positive affect brought by CAs has been observed in casual social
settings [159]. Furthermore, I postulate that embodiment may create a stronger sense of presence
as in continuously “being there”, especially in a group set- ting. Perceiving an additional entity
“being there” may impact both group interaction and users’ interaction with the agent. Whether
such impact is positive or negative for collaborative tasks invites empirical inquiry.
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These questions motivated my study to explore impacts of the agent’s embodiment on group
facilitation tasks. I designed and developed an embodied conversational agent that facilitates a
group decision task by enforcing a structured discussion process. I conducted a between-subject,
Wizard-of-Oz style experiment with 20 user groups, in which half of the groups experienced the
embodied agent, and the other half experienced a voice-only version of the agent. Through survey
responses, I first examined whether the positive effect of embodiment on social perceptions of
CAs in individual user settings still holds in a group setting, and then studied how the embodiment
impacted the collaborative task. I complemented my quantitative results with qualitative focus
group interview data. My work was guided by the following research questions:
RQ1: How do different designs of the agent’s embodiment (voice vs. embodied) influence
subjective social perceptions of the agent (rapport, trustworthiness, intelligence and power) in a
group setting?
RQ2: How do different designs of the agent’s embodiment (voice vs. embodied) impact: a) the
group decision outcome, b) participants’ interaction with other group members, and c)
participants’ interaction with the agent in a group setting?
In the remainder of the chapter, I will first review related work that motivated my study. I then
present how I designed the group facilitation agent, the Wizard of Oz experiment, as well as the
experiment methodology. The result section starts with examining participants’ subjective
perceptions from survey responses to answer RQ1; then I report analyses on the process and
outcomes of group decision making activities related to RQ2. This work contributes to the field
by providing a comprehensive account of the impact of CA’s embodiment in a group collaboration
setting, and design considerations for conversational agents that go beyond supporting individual
interactions to supporting group collaborations.

4.2 Related Work
This study is mainly informed by two sets of literature: the work on designing computer-supported
systems to facilitate group decision-making tasks (that I reviewed in chapter 2), and the work on
conversational agent design, in particular, the design of agents’ embodiment and its impact on user
perceptions and behaviors.
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4.2.1 Conversational Agents and Embodiment
Conversational agents (CAs) are computer systems designed to interact with users through natural
conversations. Numerous researchers have discussed the design, development, and evaluation of
CAs that are designed for : 1) Task-oriented personal assistance services via short-term interactions
such as question-and-answer services; or 2) Goal-oriented interactions to provide training,
counseling content, or interventions to help users achieve goals. I consider a group facilitation
agent to belong to the latter category.
Goal-oriented CAs are used in various domains such as health care [17] and education [183]. For
example, Graesser et al. developed AutoTutor, an animated pedagogical agent [74] and
demonstrated that the agent significantly improved learning outcomes by engaging students in an
interactive conversation [183]. Although the research on CAs focused mostly on individual
interactions, some HCI researchers explored CAs interacting with multiple users in group settings.
For example, Kumar and Rose proposed a new architecture for building ped- agogical agents to
enable them to handle complex interaction dynamics in a multi-learner collaborative environment
[115]. Bohus and Horvitz also proposed a model to represent a CA’s turn-taking behaviors by
gaze, gestures and speech in multi-party conversations [18].
Although text-based un-embodied CAs have a longer history, the HCI community has largely
focused on studying embodied conversational agents (ECA). One of the most prominent advocates
for embodiment is Justine Cassell. She argued that in human communications, the body “embodies
intelligence”, both to serve propositional goals—conveying information, and to serve interaction
goals—regulating the communication process. For computer agents, the multiple modalities of
embodiment (e.g., verbal, gaze, gesture) can not only provide better means to manifest social
intelligence (e.g., trustworthiness and rapport), but also help users locate the domain specific
intelligence and capabilities [32, 33]. Therefore, ECA can serve as an interface for more intuitive
and engaging interactions [19]. To illustrate, Cassell et al. developed REA, an ECA with a model
to recognize and generate verbal and non-verbal behaviors, with which REA can manage turn
taking, provide feedback, and repair conversations. Another argument for embodiment is the
“persona effect” proposed by Lester et al. [119]. It suggests that “personification” with humanlike behaviors may improve users’ various perceptions (e.g., trustworthiness) of tutoring agents,
further help with users’ engagement, and ultimately improve users’ learning outcomes.
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However, empirical studies provided mixed results about the impacts of CA’s embodiment. On
the positive side, many studies showed that visual images and embodiment of CAs significantly
improve users’ perception of social presence [147], motivation [11], entertainment [112] and trust
[15]. Embodiment has practical benefits as well. For example Walker et al. showed that users who
interacted with a talking face spent more time, made fewer mistake and wrote more comments,
compared to those who had text-only displays [192]. Given that education is a main area of focus
for CAs, many studies examined animated pedagogical agents and found them to improve
students’ learning outcomes [136, 137].
On the negative side, Hasegawa et al. studied a direction- giving service provided by an ECA and
a GPS system,[50] and found no difference in the user performance. Similarly, Hauslschmid et al.
compared two designs of the control panel in an autonomous driving car, an avatar versus a regular
visual display, and found no differences in user trust or other user experiences [83]. In examining
how substantial the persona effect is, Mulken et al concluded that there is a difference between
subjective measure (e.g., agent credibility and perception of the experience) and objective
measures (e.g., comprehension and recall). While an animated agent showed positive effect on
subjective measures, no effect on the objective measures was found. This conclusion was echoed
in a 2007 meta analysis on 46 studies, revealing that embodiment has significantly larger effect
size on the subjective impression of the agent than behavioral responses [62].
Reviewing the complex results regarding the effect of agent embodiment points to a divide
between subjective perceptions and objective behavioral responses, and a divide between different application contexts. In contexts that require a user to be continuously engaged with the
agent such as tutoring, the benefit of embodiment is more evident. While for sporadic interactions
such as receiving instructions from the agent, the benefit of embodiment is less clear. The group
facilitation agent seems to be more aligned with the latter. However, in presenting itself as a
human-like facilitator, many factors in the subjective perceptions may come into play. For
example, if perceived to be more socially connected, an agent may better engage users. If perceived
to be more trustworthy or powerful, it may work more effectively to enforce structures. The group
context may also result in subject perceptions and behavioral responses not observable in
individual contexts. In this work, I set out to explore the impact of various aspects of an agent’s
embodiment in a group context and to understand the interplay between them. I aim to contribute
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both to practical guidelines for designing CAs in collaborative contexts, and new knowledge on
the effects of embodiment.

4.3 Research Method
I developed a conversational agent and designed a Wizard- of-Oz experiment3 [49] to explore how
different embodiments of the agent (voice-only vs. embodied) impact users’ perceptions,
collaboration process and outcomes in a group decision making task. In the following subsections,
I first describe the experiment task and design of the CA. I then present the facilitation protocol of
the agent. Lastly, I lay out the details of the experiment design.

4.3.1 Experiment Task
I chose to simulate a hiring decision task as it is a common scenario for group decisions in the
workplace, and previous work used similar tasks to study group decision processes (e.g., [61]).
For the task, a group of two participants were asked to select the best candidate from a set of five
resumes for a user experience design internship position. I created fictional resumes based on the
real resumes of applicants for that position. Participants had 30 minutes to review, discuss and
select the best candidate. The agent served as the facilitator of the decision-making session. The
participants interacted with the agent through natural conversations.

4.3.2 Embodied Conversational Agent Design
I designed an embodied conversational agent (ECA) named CASSY (Collaborative Agent for
Decision Support System) to facilitate group decision-making sessions. I used a commercial avatar
toolkit to develop CASSY, a 3D avatar with a humanoid face (cut off above the chest, focusing
on the facial area) and synthetic text-to-speech voice. The agent is designed with the look of a
young female professional. She has an animated face with a range of non-verbal behaviors such as
directional gaze, eyebrow raise and head-nod, with which she can display a variety of facial
expressions such as happy, and apologetic. CASSY is projected on a Beam Pro system-A
professional telepresence robot4, both to fit a face- area representation and create a sense of
mobility to enhance her presence (Figure 5).

3

A Wizard of Oz experiment is a research experiment in which users interact with a computer system that they
believe to be autonomous, but the system is actually being operated or partially operated by an unseen human being.
4
(Manufactured by Suitable Technologies Beam Pro: http:// suitabletech.com)
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At the present time, conversational technologies in the simplest form consist of four main
components: 1) Speech recognition to convert speech input to text; 2) Dialogue understanding
component that maps the raw text to an intent known to the system (when a user says “hello”, the
system understands it means “greeting”). 3) Response generation component that generates a
response based on the understood intent (user’s “greeting” is mapped to the agent response of “hi,
how are you?”), and 4) Text to speech module that speaks out the response. Embodied
conversational agents have an additional module to generate the non-verbal behaviors (e.g., BEAT
[35]).
In this study, I adopted a Wizard-of-Oz approach, where a human wizard controlled CASSY. The
human wizard aimed to replace the first two components: speech recognition and intent
understanding. Simply put, when the human wizard heard a participant saying “hello” (speech
recognition), s/he would send a command to CASSY selecting the intent “greeting”. Then
CASSY’s automated components took over, generating the response and speaking it out. Wizardof-oz is a commonly used approach to study user interactions with conversational agents [15, 26].
Not only does it reduce development cost to make design choices, but also it is often necessary for
experimental studies to control for noises from system performance variations. State-of-the-art
speech technologies still fail to give perfect performance in real-world settings, especially in a
group context where multiple parties may talk simultaneously. Moreover, voice recognition errors
can vary largely between individuals due to different talking style, accent, the volume, and these
can be further amplified in a group setting.
With the Wizard-of-Oz setup, the design of CASSY focused on two parts. One was to design the
functional knowledge of a facilitation agent. That is, what intents are available for the wizard to
choose from, both intents from understanding a user utterance to the agent (e.g., “greeting”) and
intents inferred from monitoring ongoing group discussion (e.g., “debating on candidate 1”). The
other was to design the agent’s response once an intent is selected by the wizard, both in terms of
the conversational content and non-verbal behaviors. The Watson Conversation API was used to
build the response generation part. The text-to-speech and non-verbal behavior modules are part
of the agent toolkit. I used a constrained Wizard-of-Oz protocol [161] with a small set of available
intents (see next section), so that fully automatic systems can be built based on the protocol, and
more importantly, the agent would exhibit a realistic level of intelligence to study user responses.

45

If users asked questions beyond the protocol, the wizard either answered “sorry I don’t
understand,” or ignored the question (to simulate the behavior of a potential automated system).

Figure 5. Experiment setting: CASSY projected on a Beam telepresence robot, and facilitating a group
decision making task with two participants. In front of the participants, there are job description, rating
sheet, and resumes. Two iPads on the table se

Facilitation Functionalities and the Wizard of Oz Protocol A facilitator’s main goal is to
facilitate shared understanding and eventually consensus [29]. Group decision literature
recommends an effective process to involve: 1) clear under- standing of the problem, 2) full
exploration of each alternative, and 3) comparison of alternatives [63]. I designed the agent
facilitation protocols with these objectives in mind, and also used elimination techniques (a
common strategy in decision making) to winnow out candidates. In general, CASSY pro- vides
three types of support:
Decision Making Facilitation: The agent enforces a structure of the decision process by guiding
the group through pre-defined six steps. Example actions include: tracking decision states,
suggesting actions and opinion exchange, summarizing decisions.
Meeting Facilitation: The agent engages in time management and participation management to
improve meeting efficiency. Example include: Ice breaking, managing time, agenda description,
turn taking management.
Social Interaction: The agent exhibits active listening behaviors to express interest and social
support. Examples include: greetings, short verbal phrases to reflect under- standing and support
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(e.g., “I see”, “I agree”), and facial expression, (e.g., gaze at the participants while they are talking,
nod with a smile, or confusion).

Figure 6. The wizard interface. 1-3 shows the three forms of agent’s services, and A-F shows the six states
of each decision-making session.

Below I present a procedural view of the protocol, which covers most of the decision facilitation
and meeting facilitation the wizard provides. I describe how the wizard selects intents on the
Wizard interface (Figure2). The first author acted as the wizard in all experiments while sitting in
a separate room, listening and watching the conversations. The wizard practiced the protocol in
multiple pilot studies, which were reviewed by the whole research team to ensure consistency.
Introduction: CASSY initiates the conversation by introducing herself, inviting the participants to
introduce themselves, and greeting them with their names. (Figure6-A).
Agenda Description and Resume Review: CASSY describes the agenda, and then asks the group
to review the resumes independently for five minutes and to rate them on a rating- sheet. She
reminds them of the time at 3- and 4-minute marks. At the 5-min mark, she confirms their readiness
to proceed. On occasions when participants request more time, she agrees to extend it for an
additional minute (Figure6-B).
Criteria Discussion: CASSY suggests that the group discuss the hiring criteria. After the initial
exchange, she prompts them to consider the job description, if not dis- cussed. Once the group has
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discussed the four main criteria on the resume (e.g., education, and skills) she moves to the next
step; otherwise, she prompts them to consider the missing criteria. (Figure6-C)
Elimination of Unfavored Candidates: CASSY invites the group to go through the candidates and
eliminate the unqualified ones. When participants converge on an elimination, CASSY confirms
that decision. If participants cannot decide about a candidate after two minutes, CASSY suggests
that the group discuss the next candidate. After all candidates are discussed, if fewer than two
candidates are eliminated, CASSY suggests the group to eliminate one more. Finally, CASSY
summarizes the remaining candidates, and moves on to the next step. (Figure6-D)
Decision on the Final Candidate: CASSY asks participants to select the best candidate. If no
consensus is reached, she suggests the group reflect on their initial voting, or discuss pros and cons
of the remaining candidates. When either 30-minutes is up, or the group reaches a consensus,
CASSY moves to the last step (Figure6-E).
Exit the Experiment: CASSY summarizes the session, either with a final decision or without a
consensus, and thanks the group for participating. (Figure6-F).

4.3.3 Experimental design and procedure
I adopted a between-subjects design to compare group decision making sessions facilitated by an
embodied agent (avatar condition), versus a voice-only agent (voice condition). Each experiment
session was randomly assigned to one of the two conditions. In the avatar condition, CASSY was
projected on a Beam telepresence robot and the voice was played out from a bluetooth speaker on
top of the Beam (Figure1); in the voice condition (no Beam), CASSY’s voice was played via the
same speaker on the table. Figure1shows the setup of the experiment. Two folders containing the
hiring advertisement and resumes were placed on the table before the participants came in. Prior
to the study session, consent was obtained from the participants. Post-study questionnaires and a
focus group interview were collected after each session. Two iPads (with covered screens) were
used to record the the participants video and audio during each session. At the end, the participants
were given a $12 compensation as well as a debriefing document disclosing the Wizard-of-Oz
design. In total the session and interview took between 45 and 60 minutes.
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Post-experiment Focus Group
To gather more feedback and insights on their experience, I conducted 20-30 minute semistructured focus groups with my participants. I started by asking questions about their overall
impression about the decision process and the agent’s facilitation. I also inquired about their
reactions for different types of agent actions (e.g., meeting facilitation, social behaviors). Lastly,
participants were asked about how they would desire the agent to be improved, and new features
they would like to add to the system. Interviews were audio recorded.

Participants
40 participants were recruited from an IT enterprise (IBM headquarter in Yorktown, NY) by
posting advertisements in the campus and in online forums. The participants consisted a mix of
full-time employees and interns who were college or graduate school students (35%). Participants
were randomly matched together to form 2-member groups. 60% of the participants were male,
20% between 18-24 years old, 57% were between 25-34 year old and the rest were older than 35.
To minimize the effect of gender and expertise on the group performance, I ensured that the ratio
of mixed- gender/same-gender groups, and the ratio of employee/student groups were equal in the
two conditions (Fisher’s exact test
p = 1). I avoided grouping people from the same department, or different expertise levels together.
90% of participants
did not know each other before the sessions.

Survey Measures
My measurements consist of subjective responses from a survey, and objective measures reflecting
the decision process and outcome. In this section I present the survey measures. Details of the
objective measures will be introduced together with the results. Guided by previous work on user
perceptions of agent systems, I asked participants to rate the agent’s rapport, power,
anthropomorphism, intelligence, and trust. To complement the objective measures on group
processes, I asked participants to report subjective evaluation of their experience with the decision
making process, and towards their collaborator. I also collected demographic information such as
gender and race at the end of the survey.
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User Perceptions of the Agent
To answer RQ1, I assessed users’ perception of rapport with the agent, which is considered a key
dimension for “socially aware agents” in recent work [47,64,23]. Rapport refers to a feeling of
connection and bonding in an engaging interaction [23,64]. Based on an instrument to measure
human-agent rapport from previous work [43], I asked participants to indicate how much they
agree or disagree with five items (α =.84). Sample items include: “The agent seemed engaged in
our discussion”, “I felt I had a connection with the agent”, and “I felt the agent was NOT paying
attention to what I said”.
I used a list of semantical differential scales to measure a number of other dimensions regarding
the social perception of the agent, including intelligence, anthropomorphism, and trustworthiness.
I adapted validated scales on these dimension presented by [2] and [46] by selecting 2 items for
each scale. I asked participants to rate the agent on pairs of antonyms criteria such as
ignorant/knowledgeable and unintelligent/intelligent for intelligence, human-like/machine-like
and

conscious/unconscious

for

anthropomorphism,

and

unreliable/reliable,

untrustworthy/trustworthy for trustworthiness. Given the task of meeting facilitator as enforcing
structure, I added power as an additional dimension, measured by weak/powerful, and lacking
confident/confident. All the above agent perception ratings were based on 7-point Likert scales (1=
strongly disagree, 7= strongly agree). I calculated the average ratings of items for each perception
dimension to be the scales used in the analysis.
Decision Making and Group Interaction
To answer RQ2, I asked participants to rate their preference for each candidate before and after
the session on a 7-point Likert scale, and studied the rating changes as decision outcome measures.
I also asked participants’ subjective evaluation of the group decision performance in the survey.
As suggested by [24] I asked them to indicate to what level they agree with four statements about
the decision (e.g., “I found the decision-making task to be difficult”, and “we reached a decision
efficiently”). Inspired by [52] I asked participants to report their perception of their partner with
statements such as; “I found it pleasant interacting with my partner”, and “I found my partner
and I shared many similarities”.
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Statistical Analysis
The main part of my quantitative analysis is to compare participants’ ratings of agent perceptions
between the two conditions—avatar vs. voice-only. Participants experienced the agent in groups
of two, so ratings from each pair might be affected by their common experience (e.g., a group
made a smooth decision versus a difficult one). To account for such group effects, I utilized Linear
Mixed Models (LMM) by having condition as a fixed factor, and group as a random factor to
control for their associated intraclass correlation (i.e., random intercept models [48]. Random slope
was not considered as group is nested within the conditions). I used unstructured covariance matrix
for random effects. Although debates exist, there is consensus that parametric tests such as
regression are generally robust with Likert scales [42], especially for the 7-point composite scales
I used. I also tested the data to ensure the residuals meet the assumptions of linear regressions.
Common non-parametric tests for Likert scales such as Mann-Whitney U test cannot account for
the random effect of group, and my exploratory analysis showed they yielded the same conclusions
as LMMs. In the rest of the chapter, I report results from LMM, whenever the random group effect
needs to be considered. I ran LMMs with the lme4 package of R, with the default restricted
maximum likelihood estimation. To report p-values of variable effects, I used likelihood ratio tests
(R procedures as seen in [61]), a common approach for significance testing of LMMs

4.4 Results
In the following sections, I first discuss how the embodiment influenced social perceptions of the
agent compared to a voice-only condition (RQ1), and then examine the differences in decision
outcomes and group interactions between the two conditions (RQ2). Last but not least, I present
my qualitative findings and further discuss the pros and cons of agent’s embodiment in the group
context (RQ1 and RQ2).

4.4.1 Agent perceptions (RQ1)
To answer RQ1, I examined participants’ subjective perceptions of CASSY based on their survey
responses. Specifically, I compared the ratings of the scales of rapport, anthropomorphism,
intelligence, power and trust between the avatar and voice-only conditions, measured as discussed
in the method- ology. For each scale, I conducted a linear mixed model regression by including
the condition (voice vs. avatar) as a fixed factor, and group ID as a random factor. I removed one
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group that appeared to be an outlier with multiple agent perception scales (e.g. rapport, trust, and
power). In Table2, I report on the statistics of the effects of embodiment with the five agent
perception scales (analysis detailed discussed in the “Statistical Analysis”).
The results showed that the positive effect of embodiment is statistically significant or marginally
significant for all dimensions of social perceptions5. For RQ1, I can conclude that embodiment
improved participants’ subjective perceptions of the agent. Adding a face not only made the agent
show more rapport and human-like characteristics, but the embodied agent was also perceived as
more intelligent, trustworthy and powerful as a group facilitator.

4.4.2 Decision performance (RQ2-a)
Next I examine whether the embodiment and improved subjective perceptions had an impact on
decision outcomes. The goal of the agent was to facilitate a consensus building process. Therefore,
I used consensus and opinion shift as measurements of decision outcomes. Before and after the
group discussions, participants were asked to independently rate the favorability of each candidate
(from 1=not at all to 7=a lot). I examined two kinds of rating shift: 1) Consensus shift, for which
I used the difference between the intraclass correlation coefficients (ICC) of a pair’s ratings before
and after the discussion. ICC is a statistic reflecting inter-rater agreement (i.e., consensus) with
ordinal ratings, with a value ranging between -1 (no agreement at all) to 1 (complete agreement).
Table 2. Results of LMMs on agent perceptions. Statistical significance is obtained from likelihood ratio
test (logLik, chi-square and p-value reported), where the fixed-effect is tested against a null model with
random effect only (using maximum likelihood estimation), and random effect against a null model with
fixed effect only. p < .05 is considered significant∗, < .1 marginally significant†. Random effect is
consistently included regardless of its significance based on the assumption of a group based study.

Descriptive statistics
Agent Avatar
Scale M(SD)
Rapport
Trust
Power

5.57 (0.62)
5.22 (0.84)
5.05 (0.85)
Intelligence 4.97 (0.94)
Anthropom 4.22 (0.94)
or.

Voice
M(SD)
4.64 (1.34)
4.42 (1.07)
4.42 (1.09)
4.20(1.43)
3.55 (1.03)

LMM statistics for fixed effect (condition)

Random effect (group)

(interc β
ept)

SE

CI (95%)

logLik Chi- pVarian Std. Chi- psquare value ce Est. Dev square value

3.63
4.42
4.42
4.20
3.55

0.39
0.37
0.32
0.44
0.39

[0.10,1.70]
[0.01,1.50]
[-.06,1.32]
[-.14,1.69]
[-.14,1.40]

-55.05
-51.10
-52.40
-60.61
-51.39

0.93
0.80
0.63
0.77
0.67

5.44
4.57
3.71
3.22
3.11

.02∗
.03∗
.05∗
.07†
.08†

0.87
0.33
0.05
0.27
0.41

0.93
0.58
0.22
0.52
0.64

0.72
1.69
0
0.29
2.55

0.39
0.19
1
0.59
0.10†

5

following common practice for small-scale lab experiments [16], I consider p < 0.05 to be significant, or < 0.10
marginally significant
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2) Individual shift, for which I calculated the ICC of each participant’s pre and post ratings. So a
higher individual ICC indicated less individual opinion shift. I ran a T-test on the consensus shift,
and a linear mixed model (group as the random factor) on individual shift to compare decision
outcomes between the avatar group and the voice group.
I also looked at the groups’ top choices. All groups but one reached agreement on the top candidate.
While I did not intentionally design the study with a best choice, I identified candidate 2 to be the
majority choice (55% groups) and examined percentage of groups selecting candidate 2 in each
condition, and compared them with a chi-squared test. In addition, I compared the time taken to
reach the decision in the two conditions (Voice: Mean(SD) = 23.0(3.43), Avatar: Mean(SD) =
21.7(4.76)), and individuals’ self-reported confidence score shift. All statistics are shown in Table
3.
According to these results, I saw no significant improvement that embodiment made on reaching
consensus, opinion shift, decision confidence or efficiency (time). Moreover, I saw no significant
difference on self-reported decision satisfaction, for which I asked participants to rate on decision
easiness, satisfaction, success and efficiency in the survey (averaging the four items, LMM: β =
0.16, SE = 0.44, p = 0.72). I conclude that the embodiment did not make significant impact on
decision outcomes.

4.4.3 Group interactions (RQ2-b)
I further explored whether the embodiment had any effect on interactions between the group
members. By looking into the survey items on perception of partners, I found two items that show
improvement in the avatar group: “I found my partner and I shared many similarities” (β =0.99,
SE = 0.465, t(36) = 2.14, p = 0.05) and “I made efforts to respond to my partner’s questions and
suggestions” (β =0.62, SE = 0.37,t(36) = 1.67, p = 0.10). These results led us to hypothesize that
the improved social presence of embodiment had a positive effect on group interactions. A
previous study also showed that the presence of embodied agents may create a sense of “being
watched” [104]. In a group setting, the additional presence could possibly have created a sense of
social pressure that increased individuals’ tendency to actively contribute and share opinions. A
manifestation of such a tendency could be more equal contribution between the pair, so both parties
experienced a more amicable and engaging discussion.
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Table 3. Results of decision outcome measures (TT:T-test, MM:mixed model linear regression. 4β = 0.04,
SE = 0.143 , 5β = −0.2, SE = 0.289

Decision
outcome
Consensus shift
Individual shift
Majority choice
Confidence
improve Time

Avatar Mean (SD)
0.44 (0.38)
0.64 (0.34)
%50
1.1 (0.79)
21.6 (4.72)

Voice Mean (SD)
0.56 (0.35)
0.59 (0.40)
%60
1.3 (0.98)
22.8 (3.55)

Test
TT
LMM4
χ2
LMM5
TT

P-value
0.49
0.76
1
0.49
0.53

To test this hypothesis, I compared the contribution equality of pairs between the two conditions.
After transcribing all discussions, I counted the number of turns and the number of words from
each participant through a text analytic process. I calculated contributing percentages of words and
turns from the less talkative participant, divided by the words and turns from the more talkative
partner (i.e., a higher percentage indicates more equal contributions). As hypothesized, by one
tailed T-tests, I found equality of turn contribution (t(18) = 1.79, p = 0.04) and words contribution
(t(18) = 1.5238, p = 0.07) to be higher in the avatar group than in the voice-only group. Together
with the self-reported positivity on sharing similarities and making efforts in responding to the
partner, the results suggested that the enhanced social presence of the embodied agent had a
positive effect on the interaction process, despite a lack of effect on the decision outcomes.

4.4.4 Agent interactions (RQ2-c)
Lastly, I looked into participants’ interactions with the agent. My initial examination of the
transcripts revealed that participants were mostly compliant with the agent’s commands, so the
interactions were generally structured and showed no evident differences between the two
conditions. One exception I observed is that the embodied agent seemed to encourage participants
to engage in proactive interactions, which the current version of agent was not explicitly designed
for.
To test this trend, I coded proactive interactions in the transcripts, and categorized them as three
groups:1) social interactions, such as “what do you do here?” or “thank you”, which typically
happened at the beginning or end of the discussions;
2) asking questions, such as clarification like “what do you want us to do?” or “which candidate?”;
3) requests, mostly exemplified by asking to extend the time of resume reviewing. The Wizardof-Oz protocol allowed only simple response such as “ok” or “candidate two”, otherwise the agent
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would ignore the proactive interactions. The statistics of proactive interactions in each condition
are listed in Table 4. In total, proactive interactions more than doubled in the groups with embodied
agents and one tailed t-test showed marginal significance (t(18) = 1.6015, p = 0.06). I conclude
that the embodiment invited more proactive interactions from the participants.
Table 4. Average occurrences of proactive interactions with the agent; standard deviations are in the
parentheses

Condition Social
Avatar
1.5 (1.71)
Voice
0.5 (0.85)

Question
3.3 (3.65)
2.1 (1.60)

Request
Total
1.1 (1.29) 5.9 (5.61)
0.3 (0.48) 2.9 (1.91)

4.5 Qualitative Findings
The results above provide evidence that the embodiment improved users’ subjective perceptions
of the agent, and impacted group interactions and user interactions with the agent. In this section,
I present qualitative findings that shed further light on the impact of embodiment. Moreover, by
inquiring about the general user expectations for a group facilitation agent, I reflect on the
implications of embodiment for the ap- plication domain. All focus-group interviews were
transcribed and coded using thematic analysis techniques. The results of my qualitative analysis
converged to three main themes related to the benefits users see in the embodiment of the agent,
and three themes of contributions they expect a facilitation agent to bring to group decision
processes.

What to expect from embodiment?
Embodiment for enhancing presence: Participants commented that embodiment enhanced the
agent’s presence, making it more of an active part of the group discussion instead of lurking in the
background, as illustrated in this quote:
[P7]: “...it’s more like a group discussion I feel like. [P8]: I agree. In a group discussion
you hope that it does actually have a face indicating that now she is participating in this
conversation rather than just an object on the table... [P7]: otherwise I feel like she just
not existing here. I can just like talk, and (she is) in the background.”
This observation echoed a previous study showing that the mere presence of an embodied agent
can create a sense of “being watched” [104]. I suggest this could be an explanation for the
observation of more equalized contributions in groups with avatar, although the validation awaits
future research. This stronger sense of presence may be especially important for group facilitation
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tasks where, unlike individual interaction with CAs, users’ locus of attention is the human partner.
The enhanced presence can improve engagement, while a lack of presence may weaken the
influence of the agent.
However, not all participants favored a stronger presence of the agent and some preferred staying
focused on the discussions and having the agent in the background. For example, P35 preferred
the agent not to have any visual presence, because he wanted to “interact with it as a machine, not
a human”. He added: “it should be more an assistant rather than a part of the decision...Decisions
should be made by us”. P16 experienced a voice-only agent and commented: “it is the right
balance...it’s better to stay in the background and only come out at a certain point, not interrupting
too much”. Such arguments can testify for the social impact of agent’s embodiment and suggest
that preference for enhanced presence may depend on the task.
Embodiment for locating social-interactional intelligence: One convincing argument for
embodiment is that interactional functions regulating communication processes (e.g., turn-taking,
interrupting) are best served in multiple modalities, so agents can leverage users’ familiarity with
non-verbal behaviors to improve the interactions [5]. This argument was frequently echoed in the
interviews, for example P29 said:
“she was trying to make eye contact, moving eyebrows. Looking into your eyes... To me it
was good. Like more engaging.”
Several groups also discussed how the agent’s visual presence can be a useful modality to indicate
her intention to talk. For example, P1 and P2 agreed that “(a face) would help with knowing when
it was about to talk”.
This may be beneficial for facilitation tasks, because by nature facilitation involves frequent floortaking and interrupting. However, interestingly, some participants in the embodied condition
commented that the additional modality became a source of confusion with the system latency.
When they were unsure whether the agent was going to continue or they should take the floor,
their attention was fixed on the face but were un- able to locate indicative cues. Interestingly, there
is evidence in the survey response that participants found the agent less interruptive when she had
a face (M= 3 , SD= 1.68) versus the voice-only agent (M= 3.95, SD= 1.82; p = 0.09), but they
might be more annoyed by the latency in the embodied condition (M = 4.95, SD = 1.93, p = 0.16,
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not statistically significant (M = 5.75, SD = 1.61) compared to the voice condition but indicating
a trend).
In the survey responses, I found that participants perceived a stronger sense of social connection
(rapport) with the embodied agent. Qualitative results suggest that one reason could be that
participants were able to locate attention and emotions from the additional modalities of gaze and
facial expression. P29 said: “The good thing is that this is one of the few agents that I’ve seen
having emotions. So that’s really a plus!”
Embodiment for exhibiting task capabilities: Survey responses showed that participants
perceived the embodied agent to be more intelligent and trustworthy, suggesting that embodiment
might also improve perceived capabilities. Although the agent currently provides little
informational support, I found evidence that participants perceived better understanding and more
knowledge of the embodied agent. For example, group 2 said they “prefer a realistic face” because
they feel “she understands us because she looks like a human”, and "it raises my confidence on
her.”
This improvement in perceived intelligence together with the enhanced presence may explain why
embodiment invited proactive interactions. For example, P37 (voice condition) mentioned that he
might take a agent’s human-like embodiment as a signal that she is capable of answering questions.
He said: “I don’t think (voice-only) works very well. I think a depiction of a real human ... would
be much better. Because it’s capable of [answering] the questions.”

What to expect from a group facilitation agent?
Structure management: As participants were asked to reflect on the values of a group facilitation
agent, many con- firmed needs for CASSY’s targeted function—managing structure. Participants
described their experiences in group meetings where attendees “don’t follow agenda” (P7) and
“are hijacked” (P38) by a few dominant people. They also appreciated CASSY’s functions for
keeping time, keeping the discussions on track, and encouraging everyone to express his/her ideas
by providing step-by-step instructions. For example, group 4 (avatar) compared the meeting
facilitated by CASSY to their prior group meeting experiences:
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“The decision-making is much faster than what I really have in the real life, most of the times I
cannot reach an agreement and then I go past...people diverse and digress...but the agent is clever
and just coming, cut the conversation and force you to move to the next phase.”
Several groups also brought up how the agent could be helpful in balancing the discussion without
creating tensions or impairing group dynamics. For example, P38 said:
“If my manager is going on and on from the topic and hold up the meeting, I don’t want to
be the guy to stand up and say ’Can we get back to what we’re supposed to be talking
about?’ But if the agent’s job is to get through the agenda and if the manager will listen,
then it could be a good way to keep meetings more on track without people having to stick
their neck out with their manager.”
These quotes demonstrated that group meetings can benefit from CASSY’s structure management.
Whether embodiment is necessary for managing structure may depend on the nature of the
discussions. I speculate that the keys lie in attention and compliance, especially when the agent
suggests actions that are contrary to the individuals’ current engagement. In my study, participants
were generally in agreement with the agent- provided structure regardless of the embodiment—
possibly because it was a laboratory experiment. The issue of whether embodiment, especially
with enhanced presence and perceived social intelligence, could improve compliance with
structure management in the long run merits future research. Mean- while, given that embodiment
can potentially cause distraction, an un-embodied agent might be a better choice in some situations,
such as in high-stakes decisions where both cognitive demand and motivation for decision success
are high.
I also noticed a tension between the needs for enforcing structure and some participants’ subjective
resistance. While some participants praised the agent’s effect on “keeping us on track” and
“making efficient decisions”, a few commented on the agent being “pushy”, “interruptive”, and
“a little frustrating”. Resolving such a tension is a critical challenge in designing meeting
facilitation agents. While I found embodiment could potentially increase a sense of power, I
emphasize that the non-verbal modalities may be leveraged to better exhibit social intelligence
such as expressing rapport and empathy, which can potentially ease the enforcement.
Affective and social catalyst: Some participants appreciated the facilitation agent as an “ice
breaker” in the beginning of the meeting to reduce the social awkwardness between attendees.
Several groups also suggested how an agent can bring “additional help” for overcoming
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expression barriers, especially for those less confident or experienced. For example, P21 in group
11 (voice) suggested:
“If I was a novice, I tended to be a little more fearful about sharing my opinion like the
time I suggested okay let’s go back to candidate two...these are types of projections that I
would expect an agent to do.”
This points to a future functional focus for group facilitation agents—to proactively mediate
tensions among group members. I suggest that embodiment may help in several ways. The
improvement in social perception such as rapport may bring affective benefits. The enhanced
social presence may create a stronger sense of involvement to play an active social role in the
group interactions. Moreover, the additional modalities such as movement and facial expression
can create more triggers for affective and social responses. Future research may explore these
possibilities.
Information source: Currently, CASSY provides very limited information support, such as
stating how much time is left, or suggesting another criterion to consider. However, many
participants expressed strong desire for group facilitation agent to provide informational support,
upgrading the agent from a Level1 GDDS to Level2 [54]. Examples of desired functions include
answering questions, providing reminders of the status of the decision, looking up information
(e.g. definitions of terms), presenting evidence in a helpful format (e.g. a comparison table), and
even providing rationale suggestions.
Moving forward, group facilitation agents providing informational or reasoning decision support
may benefit from embodiment, for its exhibition of task-oriented capabilities, perceived
trustworthiness and invitation for interactivity. The advantage for interactivity is especially
important, because information support should not solely rely on agent-initiated conversations.
Also, in a conversational form, decision support should be precise for users’ information needs, so
the agent may have to frequently engage in communication processes involving turn-taking,
clarification, repair, etc. Embodiment has known benefits for these interactional functions [32].

4.6 Discussion
Facilitating a group meeting often requires "standing apart", taking a neutral role and avoiding the
effects of organizational and personal relationships on the task. Humans can find these difficult to
do. Furthermore, a small group may not wish to lose the contributions of a human member just so
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he/she can facilitate. These challenges in group facilitation, as well as advances in AI and
conversational agents, motivated us to study how a CA can play the role of a facilitator in a group.
A facilitation agent can also ensure that the same protocol to be carried out across meetings,
leading to great consistency, and preventing unwanted tensions. In the following paragraphs, I
discuss how my results—particularly my findings demonstrating the potential of CAs for group
facilitation tasks—relate to prior work and point to design implications and future directions.

On group facilitation agent design
My study showed positive influence of embodiment on how users perceive and respond to a
conversational agent in a group context. My qualitative results echoed previous work that the
embodiment can improve user perceptions of: 1) the agent’s social-interactional intelligence, as
the non-verbal modalities make the interactions more intuitive and enjoyable; and 2) the agent’s
task capabilities, as signaled by a humanoid “face”. I discuss some possible designs to further
enhance these two aspects, specifically for group facilitation agents.
In my design of embodied agents, and in many previous studies (e.g., [16]), one key area explored
is how to exhibit social intelligence through floor management (turn-taking) behaviors such as
active listening, hinting at interaction intentions, and facial expressions of confusion, etc. Floor
management is even more important and challenging in a multi-party setting, as the interaction
dynamics become more complex. Besides the technical challenges in sensing the best timing, I
suggest considering designs of agent behaviors for different floor-taking contexts. For example, in
handling interruptions, the agent may first need to display cues that it is about to talk, and fol- low
a protocol to handle the interruptions (e.g. immediate stop [19], lower the volume). Other contexts
of floor-taking in groups include sensing disengagement, sensing confusion, and sensing conflicts.
The agent can resort to learning from verbal and non-verbal behaviors of human facilitators to
actively reengage, clarify and mediate the groups.
Moreover, for a group facilitation agent, it is important to con- sider how to enforce structures in
a “socially appropriate” way. This requires the agent to 1) be context aware (e.g. decision status,
members expertise), 2) be socially aware (e.g., group relations, power dynamics, individual
preferences) and 3) ex- hibit behaviors that conform to the social norms. The last part can benefit
from careful design of embodied modalities. For example, an agent that is able to convey rapport
and empathy may be better received when soliciting compliance.
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Enhancements in user perception of the agent’s task oriented capabilities can improve both
structure management and in- formational support. For example, a facilitation agent that appears
“confident” may be more effective in having users follow its instructions. Therefore, having a
persona that fits the task (i.e. professional), and consistently exhibiting it through visual portrayal,
talking style and other non-verbal behaviors, should be fundamental considerations for the design
of a CA’s embodiment. It is also important to avoid creating unrealistic expectations that arise
from agents’ embodiments. The well-known problems of “Uncanny Valley” and “unclear
affordance” of CAs suggest that a highly lifelike humanoid appearance may risk eliciting negative
emotional responses [181], and creating a mismatch between user expectations and system
capabilities [121]. My results also suggest that embodiment may invite proactive interactions that
the system is not equipped to respond to and lead to user frustration. Future research should explore
the calibration of different embodiment designs and the levels of intelligence perception they
evoke.

On being present
Another unique finding from my study on the benefit of embodiment is enhanced presence. Its
implications merit particular consideration for introducing CAs into collaborative roles. As some
of my participants said, embodiment may create a perceptual difference between having an
additional member “participating in the conversation” versus a machine “in the background”. In
addition to benefit from social effect such as rapport and persuasion, two additional areas of
potential benefits are attention and influence on group dynamics. In some group contexts, a CA
may have more reasons to compete for users’ attention against other team members and the
collaborative tasks at hand. For this reason, embodiment may be a preferred design. For example,
besides a group facilitator, CAs can also play a teammate or a group tutor. The latter categories
may have even higher requirement for continuous user attention and engagement, and can
potentially benefit more from embodiment designs.
My exploratory analysis showed evidence of more balanced group dynamics with an embodied
agent. The phenomenon could be caused by “social influence” created by an agent continuously
“being there”, and could also be attributed to more positive affect when interacting with the
embodied agent. The underlying mechanism calls for future research. Understanding how the
presence of an agent (embodied or not) exerts influence on group dynamics is an area worth
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investigation, and may have profound implications for developing CAs for collaborative tasks.
Studies should look beyond synchronous collocated collaborations. For example, CAs for group
chat are becoming popular applications (e.g., Slack bot). It would be interesting to study how they
influence group dynamics and change how members collaborate with each other.

4.7 Limitations and Conclusion
I acknowledge several limitations of the study: 1) I could only conjecture about some of the
causalities for the agent’s effect on group processes. The validation awaits future research.
The “hiring decision” experimental task may impact effects I observed. For example, the lack of
effects on consensus shift could have resulted from lacking real-life accountability. Future research
should explore more realistic decisions. I also observed very few instances of ignoring or
disobeying the agent’s instructions. Whether these effects still hold in the long run is arguable. 3)
As a lab study, I controlled for factors that could impact how groups react to a facilitation agent,
for example, the number of participants and power dynamics. My study may also be limited by the
selected demographics (enterprise employees, relative young) even though they should be the main
targeted user group of the system. I acknowledge that the setup may have not observed certain
group phenomena. I hope future research explore how embodiment interacts with different
individual, social and cultural factors.

Conclusion
I revisited the longstanding debate on the necessity of embodiment for conversational agents in a
new context–group facilitation. Consistent with previous work, I showed that the embodiment
improved various dimensions of subjective perceptions of the agent, but its effect on the objective
task performance was less evident. However, in the group context, I found evidence that the
embodiment had positive influence on group dynamics and invited more pro-active interactions.
My qualitative results suggested these phenomenon could be potentially explained by an enhanced
social presence of a agent continuously “being there”, more intuitive and pleasant interactions with
multi-modalities, and higher task capabilities attributed to the more lifelike visual character.
Although the cost of developing additional modalities does not always justify the benefit of
embodiment, I suggest that embodiment is a valuable feature for CAs in collaborative contexts,
especially when social influence such as rapport, trust and power is beneficial for the task, when
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the agent activities require continuous user attention, and when it involves collaboration and
mixed-initiative interactions between human and the agent.
** This study has been conducted as a part of my internship at IBM Research. The methods and
findings were published as a long paper at CHI 2018 under the following title.
“Face Value? Exploring the Effects of Embodiment for a Group Facilitation Agent” [166]
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Chapter 5: Prototype II - AUTOMATED GROUP
FACILITATION ROBOT
Group meetings are ubiquitous, yet many employees consider their meetings to be unproductive,
dissatisfying and costly [164], due to a variety of dysfunctional behaviors, complex social
dynamics, and lack of experience in conducting efficient and productive meetings. Previous
studies have shown that meeting facilitators can be advantageous in helping groups reach their
goals more effectively, but many groups do not have access to human facilitators due to a lack of
resources or other barriers. After showing the overall feasibility of using conversational agents as
group facilitator, in a Wizard of Oz study, my goal is to develop a fully automated conversational
agent for group meeting facilitation. In this chapter, I describe the development of a multimodal
robotic meeting facilitator that can improve the quality of small group decision-making meetings.
This automated group facilitation system uses multimodal sensor inputs (user gaze, speech,
prosody, and proxemics), as well as inputs from a tablet application, to intelligently enforce
meeting structure, promote time management, balance group participation, and facilitate group
decision-making processes. Results of a between-subject study of 20 user groups (N=40) showed
that the robot facilitator is accepted by group members, is effective in enforcing meeting structure,
and users found it helpful in balancing group participation. I also report design implications
derived from the findings of my study.

Figure 7. The automated group facilitation system and the study setting; the robot facilitates a small
group decision-making session. Participants also use a tablet application for some of the decision-making
tasks.
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5.1 Introduction
In most organizations, meetings are one of the primary means of communication and coordination.
On average, one third of employees’ time is spent in meetings, involving many kinds of
collaborative decision-making tasks [2, 89]. In group decision-making meetings, employees can
view a problem from different perspectives, get exposure to a diverse set of insights and ideas that
are not otherwise accessible, and reach consensus on decisions. However, there are many
challenges in group decision-making meetings that can lead to suboptimal performance and
efficiency. For example, group dynamics such as social influence, conflict, social loafing [106],
groupthink [10], and dominance [30] can complicate the decision-making process and impact a
group’s performance. As a result, there is some debate about whether group decision making
necessarily results in a more effective decision-making process and better decisions compared to
individual decision making [86].
Professional human facilitators have been shown to be effective at improving group decisionmaking processes and outcomes. For example, Westley and Waters demonstrated that group
facilitators are effective at addressing many of the common problems in meetings, such as not
establishing or diverging from a meeting agenda, intragroup conflict, and domination of the
discussion by one participant [197]. Viller also demonstrated that a group facilitator can greatly
improve meeting quality by enforcing a structure, eliciting equal participation, and managing
conflicts [189].
Despite the potential benefits of group facilitators, the high cost of hiring professional consultants
or training in-house facilitators prevents many organizations from using them for the myriad
meetings held every day. Automated systems may be able to perform many of the functions of a
group facilitator at a fraction of the cost, and can be available whenever needed, for all meetings
regardless of size or importance. I posit that a physically embodied conversational agent (ECA),
with the ability of recognizing and displaying human-like interactional social cues, can provide
effective meeting facilitation that requires minimal user training. I hypothesize that several
capabilities of a conversational humanoid robot, such as the ability to interact with human
collaborators in natural language and nonverbal conversational modalities, the ability to hold anonjudgmental and neutral point-of-view, and access to information resources, can make a Robot
Facilitator an effective meeting facilitator. Moreover, as suggested by previous research [166] a
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conversational agent with human-like embodiment, functioning as the group facilitator, could
improve the users’ perception of the facilitator’s social behavior, intelligence and authority, and
serve as the locus of attention to lessen distraction. A humanoid ECA can also use speech and
nonverbal behavior, such as gaze and facial display to model the behavior of human facilitators
with reasonable fidelity.
Although significant research has been conducted on the design and development of ECAs that
interact with single users, there is much less research on ECAs, virtual or robotic, designed for
multiparty interaction. Meeting facilitation provides an ideal problem domain and testbed for
multimodal multiparty interaction research that has the potential for significant societal impact.
I designed and developed an Automated Group Facilitation (AGF) system in which a robot
facilitator uses multimodal sensory inputs to moderate a small group decision-making session. In
my system, meeting facilitation functions, such as agenda management, time management, and
participation management, are layered on top of more foundational conversational processes, such
as turn-taking and grounding, which are necessarily multimodal. My robotic facilitator uses cues
from user gaze, speech, prosody, and proxemics, in addition to task status from a tablet application,
to coordinate a decision-making meeting.
In this chapter, I describe a prototype multimodal robot meeting facilitator, that performs the
following basic functions: agenda management, to ensure all essential topics are discussed; time
management, to ensure the meeting is conducted in an efficient manner; and participation
management, to ensure the opinions of all participants are heard. I evaluate my prototype in the
context of a hiring meeting, addressing some of the known challenges in these meetings, including
lack of structure and imbalanced participation (dominance). In addition to measuring task
outcomes, I am particularly interested in assessing whether participants accept an ECA in the role
of a facilitator, and how an ECA impacts the social dynamics of meetings.

5.2 Related Work
5.2.1 Technology-Driven Group Facilitation
Viller examined the role and responsibilities of a group facilitator in computer supported
cooperative work (CSCW) and discussed the extent to which this role should be automated in the
group setting. He described how a facilitator’s role changes over a meeting lifecycle, from a more
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central role in the beginning, stepping back and only providing high-level interventions in the
middle stage, and again taking on a more directive role at the end, integrating the ideas and
wrapping up the meeting. Viller identified five general meeting problems that can be addressed by
a group facilitator, including: lack of structure, domination, conflict, and lack of engagement [189].
A number of Group Decision Support Systems (GDSSs) have also been designed to support or
even replace some of a human facilitator’s roles. GDSSs in general can support face-to-face and
remote group meetings and different types of GDSSs are designed to remove communication
barriers, enforce structured decision making techniques, and use formalized rules to systematically
direct the timing or content of discussion [53].
To tackle a lack of leadership and promote structured collaboration in distributed groups, Farnham
et al. customized a chat system to enforce the structure of group communication and the group
decision-making process. They conducted an evaluation user study of the system in a hiring
decision making scenario, and demonstrated that participants who used the system were more
likely to reach consensus, made higher quality decisions, and showed a greater recall of discussions
[62] .
Prior work in the CSCW community has also investigated how technology can enhance group
collaboration and improve unequal participation in meetings. For example, Meeting Mediator is a
real-time portable system that provides visualized feedback of members’ verbal participation on a
mobile display to enhance overall group collaboration [111]. Furthermore, much research has been
done to design smart meeting rooms both to provide real-time assistance and to capture human
behavior in groups [36, 190]. Smart meeting rooms are usually equipped with different sensors,
multiple cameras and microphones to capture details of a meeting and detect contextual
information. In a recent work by Bhattacharya et al., a model is proposed to automatically process
multimodal sensors outputs, and detect human verbal and non-verbal behaviors and understand
group dynamics [14].
The work to date in this area indicates the great potential of employing intelligent systems for
group facilitation. However to the best of my knowledge none of the work on GDSSs has leveraged
multimodal ECAs as virtual meeting facilitators.
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5.2.2 Robots and Conversational Agents in Groups
Advances in robotics technology have enabled a growing number of robots designed to work in
human teams [78], with examples spanning from invasive telesurgeries [60] to space exploration
missions [58]. Several researchers have studied how the presence of robots in teams can affect
human group dynamics and team performance. Jung and his colleagues have explored the use of
robots to moderate team conflicts through a Wizard-of-Oz study in which a robot attempts to repair
interpersonal violations in 3-member teams [101]. Jung also introduced the concept of “affective
grounding”, as one of the essential prerequisites for coordinating human-robot interaction [99].
Matsuyama conducted a series of studies investigating a robot-based facilitation framework
designed to balance participant engagement in a group conversation. Results of an evaluation study
indicated that the procedural approach to manage the floor was more accepted and improved
feeling of groupness [125]. Robots have been also used as moderator and team member in the
game context to study the effects of different roles that a robot can play in game teams [7, 25].
Other studies investigated effects of a conversational agent’s embodiment in the group setting and
found physical embodiment of robots can improve groups engagement, attentiveness, and social
perception of the agent [3, 166]. Tennent et al. studied effects of a non-humanoid robot promoting
participant engagement in a group. They evaluated a peripheral robotic object (microphone) that
shows non-verbal implicit actions to follow and encourage participation in a group conversation
[179]. Their intervention resulted in increased participant engagement.
There is also a growing body of literature on ECAs designed for multiparty interaction [6]. For
example, Bohus and Horvitz conducted a series of studies and proposed a model to represent a
CA’s turn-taking behaviors by gaze, gestures and speech [18]. Such a model could smooth the
ECA’s speech flow in a multiparty conversation. Skantze et al., also explored how a robot can
manage turn-taking and attention when multiple players are working with a shared display [171].
In other studies, non-verbal cues such as gaze and respiration were used to predict the next speaker
and facilitate turn-taking management in a multiparty interaction [91].

5.3 Automated Group Facilitation (AGF) Robot; System and Architecture
The Automated Group Facilitation (AGF) system is designed to support collaborative activities in
group meetings by providing interventions to mitigate some of the known challenges such as
diverging from agenda and domination. The AGF system is multiparty, interacting with all meeting
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participants, and is multimodal, using diverse inputs and outputs to support natural conversational
interaction with group members. To further facilitate natural interaction, the system is personified
with a humanoid robot that serves as a group facilitator (Figure 1) and is able to conduct a quasinatural conversation.
Several studies have demonstrated that physical robots are more engaging than virtual (screenbased) agents [3, 166], and the robot’s physicality improves user’s perception of its presence in
the team [36]. A physical robot can also use its gaze to more accurately display attentiveness and
feedback to speakers and to indicate a desired addressee [2]. Thus, I chose to use a physical robot
as the group facilitator.
More specifically, the AGF system uses three channels of sensory inputs to enable the robot to see
group members (via 3D depth camera), hear their voice (microphone), and understand the
decision-making task status (tablet application). Multimodal outputs of the system include: the
synthetic speech of the robot, conversational nonverbal behavior (lip synchronization,
communicative facial displays, gaze orientation), and actions such as updates to the task
application on tablets.
The main goals of the system are to improve overall meeting structure and quality and increase
engagement in and satisfaction with the collaborative activity by providing just-in-time
instructions. To achieve this, the system is designed to provide different types of support during a
group decision-making session: social facilitation, and decision-making and meeting facilitation.
Besides the facilitation services, the system needs to be equipped with technical capabilities to
support a multiparty interaction. In the following paragraphs, I describe each of these facilitation
types in more details.

Social Facilitation
One of the most important tasks of a group facilitator is to catalyze the social interaction among
members of a workgroup [165]. Social facilitation tasks of a group facilitator include: greeting
everyone and introducing herself and the members of the group; “setting the stage” by orienting
group members to the task and process; providing “ice-breakers” to acquaint group members with
each other and begin building trust and rapport; discussing desired meeting outcomes; and
reviewing the agenda. For group members to accept the robot in this social role, it needs to be able
to engage them in natural, multimodal, face-to-face conversation. In order to build rapport and
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trust as a social facilitator, it needs to display understanding and empathy using conversational
backchannels [13] and “active listening” behavior [118].

Decision-Making and Meeting Facilitation
In order to alleviate some of the common challenges of group decision-making meetings, such as
inefficient and unstructured discussion and imbalanced participation, the AGF system should be
designed to provide five types of facilitation intervention:
•

Enforce meeting structure: To avoid off-topic discussions and deviation from the
meeting agenda, the system should be able to enforce the meeting structure by offering
step-by-step instructions and monitoring the decision-making process. The system needs
to know the context and the meeting stage to offer timely feedback, and guide the meeting
flow by asking targeted questions.

•

Encourage and Balance Participation: Dealing with people who tend to dominate the
conversation in a meeting is an important function of a group facilitator [134]. To ensure
balanced participation, and to create a safe space for all participants, the system needs to
detect when some participants are significantly less vocal during a meeting and engages
them in the conversation.

•

Content-based Feedback: A group facilitator should also provide feedback related to the
task being discussed by the group. Hence the AGF system needs to recognize some speech
content to provide interventions based on the topic of participants’ discussion. For
example, the system should track aspects of the task that need to be discussed and remind
the group if they forget to discuss them.

•

Manage the Time: Group facilitators keep meetings on track by watching the time and
agenda. The AGF system should also track the time spent on each task in the meeting to
both remind team members of the time, if needed, and offer comments based on the time
and the stage of the meeting.

•

Maintain Authority: A facilitator should be perceived as an authorized and intelligent
member to enforce participants attendance and adherence to her instructions. As suggested
by Justine Cassell, the computer agent’s embodiment helps users to better locate its
intelligence and power and improves the perceived trust [34]. Using a conversational robot
with a human-like face and nonverbal behaviors such as gaze and facial expression as the
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group facilitator, allows participants to treat it as an intelligent and authorized social entity
with a persona.

Multiparty Conversational Competence
Another important feature of the group decision-making setting is the involvement of multiple
humans in the interaction, so the Robot Facilitator should be able to support multi-party
conversations. In order to engage in any natural interaction with group members, the robot needs
to have certain minimal conversational competencies. To conduct multiparty interaction with all
group members, the robot is designed to receive inputs from multiple sources in order to detect the
speaker and addressee of any utterance. It also needs to understand at least some user speech
content to provide the right action or response via speech recognition. The robot also has minimal
conversational turn-taking management capabilities, tracking which participant is speaking and
indicating attentive behavior by gazing at the speaker, as well as indicating her intention for a
specific user to speak by gazing toward them.

5.3.1 System Architecture
To satisfy the requirements mentioned above, I use a 3-layer system architecture to model group
interactions, recognize participant behavior, and provide proper intervention by the robot. This
framework adapts the Smart Meeting Rooms’ architecture [190] and integrates it for use with a
conversational robot. In this architecture, audio data and tablet application inputs are used to track
the meeting stage, calculate participation time, and provide proper interventions based on the
meeting stage, time, and content. Visual data from the camera is processed to make the robot aware
of the environment and generate adequate non-verbal and verbal listening behavior. The
components are controlled in different software modules, and I use an Event-Driven Architecture
to handle messaging between modules and the dialogue manager. Events from the camera and
microphones are transferred in an internal framework (described in section 4) and events from the
application are stored in a local databased and passed to the dialog manager through the network.
Figure 3 shows the architecture.

5.3.2 System Components
Here I briefly describe each of the main modules of the Automated Group Facilitation architecture
to highlight how they were used to handle an interactive multiparty dialogue and satisfy the
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requirements mentioned above. Figure 1 shows the deployment of the AGF system components in
the experimental setting.

Humanoid Robot
The facilitator robot is a humanoid head developed by Furhat robotics (Figure 1). It has an
animated face, back-projected on a translucent mask, mounted on a two degree-of-freedom
mechanical neck that allows the head to turn and nod [3]. The robot’s speech is generated using
the Cereproc speech synthesizer. The robot can direct its attention using eye gaze and head pose,
show emotions or listening behaviors by moving her eyebrows, lips and nodding her head.

3D-depth Camera
Participants’ location, and head positions are captured using a Microsoft Kinect camera. To
generate appropriate non-verbal responses such as listening behavior or gazing at the speaker, the
AGF system used this input to identify participants’ gaze direction using their head orientation.

Head-mounted Microphones
The AGF system obtains audio data from microphones worn by each participant. The audio input
is passed to an automated speech recognition (ASR) module used by the dialogue manager.

Tablet Application
I designed and developed a custom tablet application to support the group decision-making tasks.
The application can be used for individual and group activities during the group-decision making
activity. It provides some of the basic features of group decision support systems such as voting
and sharing the decision status. The application facilitates the communication and sharing of
opinions by providing a discussion interface that reflects the group decision at each stage of the
decision-making process. This application provides another input channel for the AGF system.
The AGF system used this input in addition to the speech input to better detect the current topic,
the meeting stage and the decision status.

5.4 Task Domain: Hiring Meeting
Although my system architecture and methods can be used for most kinds of group decisionmaking meetings, I grounded my development in a single task domain: a hiring meeting. The hiring
decision meeting is a very common scenario for group decisions in the workplace, and previous
work used similar tasks to study group decision processes [62]. This experimental task and
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procedure are adopted from previous work [166], in which the authors explored the effects of
embodiment of a virtual facilitator in a group setting. For this task, a group of two participants are
asked to review and discuss a set of six resumes for a sales manager position, and select the one
best candidate for an interview. I created fictional resumes based on existing online resumes of
applicants for the same position. Resumes were designed so that the candidates each had unique
strengths and weaknesses and did not have an obvious rank ordering among them for the position
to be filled. Participants are given 30 minutes to review, discuss and select the best candidate. An
application installed on tablet computers provided to each group member (Figure 7) to perform
some of the group decision-making tasks and review the resumes. A humanoid robot served as the
facilitator of the group decision-making session.
I designed a standard agenda [129] to structure my experimental hiring meeting (Figure 8). The
steps in this agenda are:
1. Greeting and Introduction: The facilitator initiates the conversation by introducing herself,
inviting the participants to introduce themselves, and greeting them with their names (she
greets back if participants ask her). The facilitator then leads several “ice-breaker” exercises
to prepare the group for the task. For example, she asks each participant to tell her and the
other participant about their favorite part of their work. She can also ask participants whether
they knew each other before the hiring meeting. She then asks participants whether they are
comfortable with the setting for the meeting. This conversation acts as a social catalyzer to
build rapport and trust among group members.
2. Agenda Description and Resume Review: The facilitator describes the goal of the meeting
and the agenda, then asks the group to review hiring candidate resumes individually for a few
minutes and then provides a preliminary ranking using the tablet application. She also suggests
what criteria they should consider in their initial review, and describes how the tablet
application interface should be used to rank the resumes. She lets participants know that she
will keep track of the time, reminds participants as the time runs out, and can negotiate time
extensions if participants require more.
3. Criteria Discussion: When participants are ready to move to the next agenda item, the
facilitator suggests that the group discuss the hiring criteria. She prompts participants to
consider the job description, if it has not already been discussed, then she waits for the group
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to discuss the main criteria on the resumes (e.g., education, work experiences and skills). Once
these have all been discussed, the facilitator introduces the next agenda item. If participants
indicate they are ready to move on but have forgotten to discuss one or more criteria, the
facilitator prompts them (e.g. “What do you think about their education?”). During the
discussion the facilitator provides acknowledgements and active listening behaviors. She also
monitors vocal participation and prompts less active participants by name during breaks in the
conversation.
4. Main Discussion and Elimination of Unfavored Candidates: The facilitator invites the
group to start discussing the hiring candidates, by going through all of the resumes and
eliminating the unqualified ones. When participants converge on a decision (by indicating in
the tablet application they are keeping or eliminating a particular candidate), the facilitator
confirms that decision. If participants skip to another candidate too soon without a decision,
the facilitator asks them whether they want to make a decision first. If they cannot decide about
a candidate after a few minutes, Sarah suggests that the group discuss the next candidate. After
all candidates are discussed, if too few have been are eliminated, the facilitator suggests that
the group discuss and eliminate more before proceeding. Once the hiring candidates have been
narrowed down sufficiently, the facilitator summarizes the remaining candidates, and moves
on to the next agenda item. As in the previous task step, the facilitator also monitors the time
and vocal participation.
5. Selecting the Best Candidate: When the number of hiring candidates has been sufficiently
narrowed, the facilitator asks participants to discuss the pros and cons of the remaining
candidates to select the best one. If participants have difficulty (pause for too long), the
facilitator provides suggestions to facilitate the decision-making (e.g. to review the criteria
mentioned in the job description, or suggest the group reflect on their initial voting, or compare
them with each other). The facilitator again monitors time and vocal participation.
6. Decision on the Final Candidate: When the overall meeting time is up, or the group reaches
a final consensus decision, the facilitator summarizes the session and confirms the final
decision with each participant.
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7. Wrap up the decision-making task: Finally, the facilitator thanks the group for participating
and asks them to use the tablet application to rank the candidates individually based on their
discussion.

Figure 8. Group decision-making procedure. Examples of robot's contribution and multimodal
inputs in each stage are shown in the bottom.

5.5 Dialogue Management
The dialogue manager of the AGF system is designed to accomplish five main goals:
•

Handle multiparty interaction

•

Enforce structure for the group decision-making meeting

•

Ensure content coverage by providing content-based recommendations

•

Balance group participation by nudging the less active participants

•

Track and manage the time by conveying rule-based guidance

I used IrisTK, an open source dialogue system framework [170] to manage the conversation flow
in the multiparty interaction with the Furhat robot, using a state machine-based dialogue manager.
Using IrisTK I designed an event-driven rule-based dialogue manager that uses information from
the input modules and creates appropriate responses. In section 5.1 and 5.2, I describe more details
on the input signals, the output actions the system provides to achieve the goals mentioned above,
as well as the protocol through which the system uses inputs to generate appropriate outputs.
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5.5.1 Input Modules
Four main input modules are used to capture the meeting.
Visual input from depth camera: A Kinect depth camera was used to capture visual and depth
information. Inputs from the Kinect enable the system to sense user presence, identify user
location, and estimate their gaze direction using head orientation as a proxy. This module provides
the number of users in the scene, sends an event when a user enters or exits the scene, and detects
whether the user is attending to (gazing at) the robot or not.
Voice input from microphone: User speech is captured by head-mounted microphones and
recognized and converted to text using Google’s cloud-based automatic speech recognizer (ASR).
The speech signal is also processed to provide three additional types of information: 1) silence vs.
speech intervals for each user; 2) who the current speaker is; and 3) user vocal participation from
the accumulated speech time of each participant in each stage of the meeting. To understand the
output of the ASR module, and to handle the semantic interpretation of the speech input, I used
the W3C Speech Recognition Grammar Specification (SRGS)6 and Semantic Interpretation for
Speech Recognition (SISR)7 tools integrated into the IrisTK framework. I adopted an XML form
to represent context-free grammar rules. The recognized semantic intent of the speech input is used
to drive robot behavior in each dialogue state throughout the interaction. For example, using SRGS
and SISR allows the system to detect more general speech input such as answers to yes-no
questions, repeat requests, queries including the robot’s name, questions and thanking utterances.

6
7

https://www.w3.org/TR/speech-grammar/
https://www.w3.org/TR/semantic-interpretation/
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Decision status from the tablet application: Participants use the tablet application to review and
rank candidates individually, and to share ideas during the group discussion. The application has
three views for the three stages of the meeting: 1) Individual resume review and initial ranking
(Fig.9.a) 2) Group discussion, elimination and selecting the best candidate (Fig.9.b and c), and 3)

Figure 9. The web application; a) Initial individual ranking interface; b) Group discussion interface ;c)
Group discussion interface after eliminating four candidates; d) Final individual ranking interface

Individual final ranking (Fig.9.d). During the group discussion phase, most of the participant
actions are shared with other participants to facilitate communication and sharing of ideas. Figure
4 depicts various views of the tablet application. Each participant is given a touch tablet to use the
application. The application logs some contextual data (e.g., the meeting stage, the active
candidate, and the group decision status on each candidate) and sends signals to the dialogue
manager on occurrence of each event. The dialogue manager obtains data such as the user names,
each candidate’s status, and the number of discussed and eliminated candidates from the
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application. Other input signals are received from the application at the four following moments
during the session: 1) when initial ranking is submitted during the individual review phase, 2)
when the active candidate is updated during the group discussion phase, 3) when the decision status
on each candidate is updated (e.g. kept or eliminated), 4) when the best candidate is selected.
Time: In the dialogue manager, timer events are used to initiate timing signals at several occasions
during the interaction. Examples include: during the resume review phase to send time reminders,
during the discussion phase to track the time spent on each stage and on each resume.

5.5.2 Output Actions
In this section, I describe the outputs generated by the dialogue manager based on inputs presented
in the last section. The three different types of outputs are: non-verbal, verbal, and application
actions.

Non-verbal behaviors
The robot facilitator performs a range of human-like non-verbal behavior to show active listening
behavior and to manage the turn-taking in multiparty interaction. When the group members enter
and when they are conversing, the robot gazes towards the active speaker, smiles, nods her head,
and uses confirmation filler words (aha, I see, that makes sense, etc.). Across all stages of the
meeting, the robot handles multiparty interaction by attending to (i.e., gazing at) each participant
when she asks them a question, or when they are speaking. The robot looks at the group (i.e., shifts
gaze among participants) when she is making a general statement.

Verbal behaviors
Using the processed information from the input modules the dialogue manager decides what the
robot facilitator should say based on the meeting stage, user speech input, time, or inputs from the
tablet application. The verbal outputs are categorized as follows:
1. Robot-Initiated Utterances: These are the instructions, comments, and questions that the robot
utters based on the dialogue state, the meeting stage, and/or the decision status. Examples
include: asking each participant to introduce themselves at the start of the meeting; providing
the task description and goal to be accomplished at the beginning of each stage, or suggesting
the elimination of candidates during the discussion phase of the hiring meeting.
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2. User Speech-Initiated Utterances: Participants are told that they can interact with the robot at
any time in a way similar to how they interact with humans. The robot is designed to respond
to participants when they call her name, greet her, ask a question about the time, thanking the
robot, etc., and any point during the meeting. The system uses the interpretation of the greeting
responses to provide a proper greet-back utterance or tracks which criteria have been covered
by understanding the discussed criteria. Using SRGS and SISR, the system can interpret and
respond to time-related queries such as time extension requests or questions about how much
time is remained.
3. Tablet Application-Initiated Utterances: These commands are triggered as users interact with
the application on their tablets. For example, when a participant submits a candidate ranking
on the application, the robot thanks them and check the status with the other participant.
4. Time-based Utterances: Using the internal time of the system, the robot provides time
reminders at certain points during the session. For example, when the participants are
reviewing resumes, the robot reminds them of the time at key moments and guides them to
focus on the main points for initial ranking.
5. In all dialogue states, if the robot does not hear users speech input (the voice is low), or if she
does not understand the input (e.g. ASR output does not match expected semantic intents), in
response to a query, she informs participants that she did not understand what they said and
repeats her question. Also, in cases that the system receives multiple speech input at the same
time, the robot handles the responses separately.

Actions
The dialogue manager may also output an action instead of verbal or non-verbal behavior. For
example, the dialogue manager may extend the time allowed for a given decision-making task
(upon user request), move forward to the next task, update the tablet application interface, or
calculate participants’ contribution time to nudge less active participants.

5.5.3 Meeting Facilitation Services
The AGF system achieves the Decision-Making and Meeting Facilitation functions described in
Section 4 as follows.
Enforce meeting structure: The system tracks the meeting stage and enforces the meeting
structure by providing certain services such as offering step-by-step instructions to move forward
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to next stage, asking targeted questions, acknowledging actions and asking confirmation questions,
monitoring the decision-making process and suggest corrective actions (e.g. try to eliminate more
options), providing feedback, decision summaries and wrapping up the sessions.
Ensure content coverage: At some stages during the meeting, the system listens to the discussion
and provides comments and instructions based on keywords detected in the content. For example,
the system monitors the conversation when participants are discussing hiring criteria, and reminds
them to further discuss any of the main criteria that have not been adequately covered. The system
analyzes the ASR output and uses an off-the-shelf keyword detection (SRGS) module to provide
content-based interventions.
Encourage and Balance Participation: At the end of each stage of the decision-making process
(e.g. criteria discussion or each resume discussion), the system references the tracked vocal
participation for each user as their contribution to the discussion. If an imbalance is discovered
(e.g. >10 seconds difference in speech contribution), the robot nudges the less active participant
by asking what s/he thinks, or if s/he wants to add anything else.
Manage the Time: The robot provides some comments and feedback based on the time and the
stage of the meeting, as ascertained from the tablet application input. The system also tracks the
time spent on each stage, and is able to extend the time upon request.

5.6 System Evaluation
I conducted a randomized between-subjects
experiment to evaluate the effectiveness of the
automated group facilitation system used by
teams of two participants in the hiring decisionmaking task described in Section 4. I compared
the full system (the robot, tablet application, and
supporting multimodal system) to a control
condition in which participants performed the
same hiring decision-making task without the
facilitation robot (they still had access to the

Figure 10. Experimental setup for the evaluation
study. a) robot condition; b) no-robot condition

same tablet application for individual tasks and group decision-making). In both conditions, each
participant was given a job description printed on paper, and a tablet computer (iPad) with the
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hiring application running. Participants used the application for their individual review and ranking
of resumes, as well as to support group discussions. In the ROBOT condition, the robot facilitator
provided instruction for each stage of the meeting (see Section 4)]. In the CONTROL condition
participants were provided with written instructions for the meeting, including the same agenda
that the robot uses in the ROBOT condition, as well as time management instructions. Figure 10
shows the setup of the experiment. All sessions were video recorded using four synchronized
cameras for subsequent analysis.
The tablet application was used in both conditions to view the resumes of hiring candidates, and
to record the results of individual candidate ranking and display group decisions (Figure 4). In the
ROBOT condition the interface was automatically updated based on the meeting stage and
intervention actions taken by the AGF system, while in the CONTROL condition navigation
instructions were shown as alert messages, and participants could use a navigation bar to move to
different views.
Participants: Participants were recruited by posting advertisements around our institution and on
online job posting sites. Participants were required to be 21 or older, be able to read and speak
English, and have some professional work experience involving participation in professional
meetings. Participants were randomly matched to form two-member groups. To minimize the
effect of gender on group performance, I ensured that the ratio of mixed-gender/same-gender
groups were equal in the two conditions. The study was approved by our institution’s IRB, and
participants were compensated for their time.
Measures: I measured both subjective responses from questionnaires and objective measures
reflecting the individual and group performance in the decision-making process. Users’ perception
of rapport with the facilitation robot was assessed by asking a set of questions suggested by [146].
Attitudes towards the robot were assessed in the ROBOT condition using the bond subscale of
Working Alliance Inventory [88], and single item questions about the robot (e.g. the robot’s
knowledgeability, authority, and friendliness), and perceptions of the its effectiveness in managing
participation and disagreements in the group (Table 1). Participants rated their feeling towards
their team and the decision-making process with a 5-item 7-point Likert scale (items: ‘The
members of this team get along well together’, ‘I am pleased with the way my partner and I
participated in the decision-making task’, ‘I am very satisfied with working in this team’, ‘I felt my
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partner and I understood each other’, ‘I found we reached a decision efficiently’). Perceptions of
task conflict were also measured using a three-item scale introduced and validated by Jehn et al.,
[75] (items: ‘How frequently did people on your team disagree regarding the work being done?’,
‘How frequently were there conflicts about ideas on your team?’, ‘How frequently were there
differences of opinion on your team?’). Evaluation of the overall system was assessed via a 9-item
Likert scale questionnaire that included five questions to measure general usability (sample items
include: “I am satisfied with the interaction with the facilitation system”, “I found it easy to
interact with the facilitation system.”) as well as four questions assessing decision-making
facilitation usability of the system (sample items include: “The facilitation system was able to
manage the discussion and interaction during the meeting.”). Lastly, I asked participants to score
their perceptions of group performance out of 100.
Confidence in the hiring decision was assessed via self-report within the tablet application (1=not
at all confident, 5=very confident), measured immediately after participants performed their
individual rank-ordering, and after they reached a final hiring decision as a group. Task outcome
was also assessed by analyzing initial and final candidate rankings. Metrics of meeting structure
and time management were derived from analysis of session video recordings, coding whether
groups performed each of the task stages, and how much time they spent on each stage (Table 2).
Procedure: Prior to the study session, a research assistant described the decision-making task,
obtained informed consent, and administered sociodemographic questionnaires. Participants were
given with the tablet application. The research assistant then showed them the tablet application,
explained the interface, and how to use it for different tasks. Participants were told how much time
they had for the task and were guided to the room with the facilitation robot to start the experiment.
In the experiment room, the research assistant first introduced the robot and explained how she
will see and listen to the participants in the ROBOT condition. Participants were instructed to wear
head-mounted microphones and seated, and the research assistant left the room after starting the
program. The research assistant monitored the session from another room and came back to end
the session when either 30-minutes had elapsed, or the group reached a consensus hiring decision.
Then participants were then asked to fill out post-session questionnaires, and a semi-structured
interview was conducted with both team members. At the end, the participants were given $20
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compensation as well as a debriefing document disclosing the study goal and the other study
condition. In total the session and interview took 90 minutes.

5.6.1 Quantitative Results
A total of 40 individuals (20 teams) completed the study. Participants were mostly (60%) male,
aged 24.2 (SD=1.8). Most (95%) participants did not know each other before the experiment, and
most (85%) were university students. Among the 20 groups, 11 (N=22) were randomly assigned
to the ROBOT condition, and 9 (N=18) assigned to the CONTROL condition.
I analyzed participants subjective perception of the facilitation robot, as well as their perception of
the group-decision making experience as reflected in self-reports. Participants in the ROBOT
condition rated the robot significantly higher than neutral on rapport, t(21)=10.08, p<.001, and
Working Alliance, t(21)=8.08,p< .001. Participants also rated the robot’s knowledge, authority,
friendless and her abilities in meeting facilitation significantly higher than neutral (Table 5).
Table 5. Self-Report ratings of the robot facilitator (Sarah) (N = 22), single sample Wilcoxon signed
ranked test demonstrates all ratings were significantly greater that neutral

Items
7-point Likert scales (1= strongly disagree, 4=neutral, 7= strongly agree)
I found the facilitation robot knowledgeable.
I felt the facilitation robot was powerful and confident.
I felt the facilitation robot was friendly and warm toward me.
The facilitation system assured that my partner and I have equal chance to
express our ideas.
The facilitation system allowed sufficient discussion.
The facilitation system encouraged participation
The facilitation robot could effectively manage the disagreements
between my partner and I.
The facilitation robot attempted to manage the conflicts raised in the
meeting.

Robot
Mean (SD)
5.09 (1.7)
5.45 (1.4)
6.36 (0.7)
5.86 (1.4)

p-value
.014
.001
.000
.000

5.27 (1.6)
6.27 (1.03)
4.95 (1.4)

.003
.000
.016

4.81 (1.4)

.021

An independent sample t-test on responses to the team and decision-making satisfaction
questionnaire (α=.88) indicated that participants in the ROBOT condition (Mean (SD)=6.4(.56))
were relatively more satisfied with their team and decision-making activity, compared to
participants in the CONTROL condition (Mean(SD)=5.8(1.2)), t(38)=1.8, p=.06.
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I also found groups in the ROBOT condition (Mean (SD) =1.8 (1)) reported less task conflicts than
those in the CONTROL (Mean (SD) =2.5 (1.2)), and independent sample t-test showed marginal
significance (t(38)=-1.69, p=.09.
I did not find any significant difference between the ROBOT condition (Mean (SD)= 5.68(1.05))
and the CONTROL condition (Mean (SD)= 5.4(1.48)) evaluating the system usability regarding
decision-making facilitation as reflected in a 4-item composite measure (α =.81). However, when
I examined the general usability of the overall facilitation system (via a 5-item scale (α =.95)), I
found participants in the CONTROL condition (Mean (SD)=6.08 (1.1)) rated the tablet application
significantly higher than individuals in the ROBOT condition (Mean (SD)=4.99 (1.6)) , t(38)=2.42, p=.02. There were no significant differences between the two conditions on perceived
performance and dominance.
There was no significant difference in the time (minutes) taken to reach a decision (ROBOT: Mean
(SD) = 25.5(5.8), CONTROL: Mean(SD) = 24.7(5.2)), nor differences in the final selected
candidate between the two conditions. However, I did see a significantly greater increase in
decision confidence in the ROBOT condition (Mean(SD) =1.32(.9)) compared to the CONTROL
condition (Mean (SD)=.56(.5)), t(38)=2.94, p=.03, with change measured immediately after
participants performed their individual rank-ordering, and again after they reached a final hiring
decision as a group.
Analysis of session videos yielded several significant differences in group behavior between
conditions for each stage (Table 6).
Greeting: among the nine groups in the CONTROL condition, three groups did not have any forms
of greeting and three groups had a very short (~10 seconds) introduction. All participants in the
ROBOT condition greeted each other and the robot.
Criteria discussion: None of the groups in the CONTROL condition discussed hiring criteria
before they started discussing candidates, while all groups in the ROBOT condition did this.
Final decision: In the ROBOT condition, after participants discuss the pros and cons of the final
candidates, they select the best candidate, and then the robot confirms the consensus decision with
each participant. In the CONTROL condition, the session usually was ended by one of the
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participants selecting the best candidate; only three groups (33%) reviewed and confirmed the best
candidate together.
Participants in the CONTROL condition spent significantly more time reviewing resumes on their
own before beginning discussion, t(17)=-4.27, p=.001. I also found a common pattern in the
CONTROL condition in which one participant finished their review and waited in silence until the
second participant finished his/her ranking. This caused the individual review stage to be
significantly longer in the CONTROL condition (Mean (SD)=109.3(83.4)) compared to the
ROBOT condition (Mean (SD)=24.8(27.8)) in which the robot confirms when one participant
submits their individual ranking and asks the other participant whether they are finished or not,
t(17)=-3.02, p=.008. During the Discussion stage, all groups in the ROBOT condition reviewed
resumes in order (as shown in the application), compared to only 33% of those in the CONTROL
group.
Table 6. The percentage of groups that performed each suggested meeting stage, and the amount of time
spent on each stage, in each condition.

Meeting Stage
Greeting
Individual review and
ranking (Initial)*
Criteria Discussion
Group Discussion
Select Best Discussion
Finalize and Confirmation

Percentage of groups who
performed this stage
CONTR
ROBOT
chi-square
OL
(N=10)
p-value
(N=9)
100%
67%
.03
100%
100%
1

Time spent by groups on each stage
(in seconds)
ROBOT
CONTROL
t-test p(N=10)
(N=9)
value
Mean (SD)
Mean (SD)
152 (21)
21 (43)
.000
307(56)
639(239)
.001

100%
100%
100%
90%

172(38)
833(226)
91(85)
25(11)

0
100%
89%
11%

.000
1
.82
.001

0
598(302)
87(109)
1(2)

.000
.06
.94
.000

* This is total time that the group spent on resume review and initial ranking phase. If participants finished their review in different
times we considered the longer time here, as the group could only move forward when both participants finished their ranking.

5.6.2 Qualitative Results
From my qualitative analysis I derived themes relating to the advantages and disadvantages a robot
facilitator can bring to a small group decision-making setting.
Overall most of my participants found the robot facilitator “helpful”, “friendly”, “interactive”
and “well designed”. All groups said that they would use and recommend using this system for
group decision-making meetings, but some groups found it especially more helpful in large and
diverse groups when it is more likely to have disagreements, domination, and off-topic
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conversation. Several groups also mentioned that to them the robot “is not only a robot” and they
felt “there is a third person sitting” with them, who unlike humans is very “unbiased”.

The Robot’s Role in Balancing the Participation
Out of 11 groups in the ROBOT condition, 10 groups proactively talked about how the robot
“ensured equal participation from both [participants] and gave [them] equal opportunity to speak
up”. Many people appreciated this feature by comparing this experience with their past group
meeting experiences. For example, group 8 discussed it like this: “P1: Group discussions mostly
are somewhat chaotic. [but] here we were given a fairly good chance to speak about each and
every resume and to state what we like and what we do not like …. The opportunity given here was
fairer than what generally happens in group discussion. P2: and the usual respect that we need to
use space for each person is ignored, but Sarah8 maintains that well.”. Some groups also found
this feature helpful for resolving conflicts in the teams. For example, P1 in group 13 said: “She
gave Equal opportunities to both of us to speak, that kind of resolved conflict itself because
everyone feels their voice is being heard.”

The Robot’s Role in Organizing the Meeting and Time Management
My participants found the robot helpful as a meeting moderator who follows a protocol step by
step and guides the team. Participants mentioned how they found the robot’s guidance helpful in
remaining on track: “[G15-P1] if we could not eliminate more than two people she was
encouraging that we go through it again and come to a conclusion. So this part was really good.
[G15-P2]: she was trying us to engage in conversation and have discussion, and she was guiding
the whole process.”. One group compared their past experiences in group meetings and mentioned
how the robot made the experience different: “Sarah would be more efficient when we want to
ensure that we are not digressing from the agenda. Because from our past experiences we easily
identify people we who usually have the habit of not speaking on the topic. So Sarah can be good
… because she keeps everyone on track. I would defiantly recommend Sarah to be used for that.”.
Moreover, all groups reported on the usefulness of the robot in keeping track of the time, however
some people desired less frequent reminders even when they confirmed they would have spent
more time on the task without the time reminders.

8

Sarah is the name of the robot.
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Several groups mentioned the slow interactional response of the robot and delayed reaction as the
worst thing about the system. “the only problem with this one was it was taking a lot of time
because of the delay. Otherwise the experience was really good.” [G19-P1]. Two groups indicated
they would have preferred the robot to be more involved in the discussion and “give her opinion
especially when [participants] are stuck”. Some groups also stated issues with the voice
recognition and that sometimes they had to repeat things for the robot to understand. They said
they did not find it annoying but time consuming.

5.7 Discussion and Conclusion
Individuals who participated in hiring meetings facilitated by the robot felt positively about the
robot and experience, based on self-reported attitudes (Working Alliance, assessments of the
robot’s knowledgeability and friendliness). Individuals in the ROBOT condition also were also
more satisfied with their team and the decision-making activity compared to those who held hiring
meetings without the robot (CONTROL condition), and expressed as significantly greater increase
in decision confidence in the ROBOT vs. CONTROL condition.
The robot had a definite impact on group behavior, with significant differences in time spent in
different meeting activities, adherence to the agenda, and whether they performed certain
recommended task steps at all. In post-session interviews, all groups said they would use the robot
facilitation system if they could and would recommend it to others. Most (10 of 11) groups
volunteered that the robot helped balance participation in the meeting. Participants also felt the
robot was effective at keeping the meeting structured and efficient.
Participants did rate the tablet application alone (CONTROL) significantly higher on overall
satisfaction compared to the full facilitation system with the robot and tablet (ROBOT). There are
several possible reasons for this. First, participants may have had very different frames of reference
for these evaluations: tablet applications are likely very familiar to most participants and
participants in the CONTROL group may have interpreted the overall satisfaction question as
pertaining only to the design of the tablet application GUI, whereas participants in the ROBOT
group were focused more on evaluation of their experience with the robot, possibly comparing it
to human-human interaction as a point of reference. Second, the robot did have issues with
response latency and speech recognition errors, which may have influenced overall satisfaction
ratings. Finally, it may be that simply because the robot facilitator was effective at directing group
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members, they enjoyed the experience less even though it resulted in a more efficient and
productive meeting, and I may have seen similar low ratings for a human facilitator.

Limitations
There are several important limitations to my evaluation study, beyond the small number of
participants and the biased convenience sample of mostly college students who participated. First,
I used the minimal group size of two participants: although the system and architecture are readily
scalable, it remains to be seen how the robot facilitator will fare in larger groups. My participants
were mostly strangers to each other in an artificially constructed setting, so were likely on their
“best behavior”. Real meetings, in which participants have histories of conflict and many agendas,
are much more likely to have serious imbalances in participation that would be a better test for the
robot. My participants were also peers, and my architecture may need to be adapted for meetings
in which hierarchy (e.g., the presence of a manager) influences the social dynamics.

Future Work
There are many important directions for future work that are enabled by my system. Handling a
wider range of social dynamics, including various kinds of conflict among participants, is an
important area of future research. Simply identifying and classifying conflict is an important first
step, but the development and evaluation of intervention strategies are equally important.
Extending my framework for a wider range of meeting types, with heterogeneous participants
(managers, customers, etc.), represents a large number of opportunities to study and facilitate a
number of interesting and important social dynamics.
**This work has been published in a long paper titles ‘A Multimodal Robot-Driven Meeting
Facilitation System for Group Decision-Making Sessions’ at ICMI 2019
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Chapter 6: DETECTING DISAGREEMENTS IN GROUP
CONVERSATION
6.1 Introduction
A group facilitation system requires a set of sensing mechanisms to understand what is happening
in a meeting. It needs to see people and where they are gazing at, it needs to listen to people to be
able to respond to them, and it needs to make sense of what people are talking about to provide the
best interventions. The ultimate goal of the group facilitation system is to provide just-in-time
instructions and interventions to improve the decision-making experience. One of the interventions
that my group facilitation system seeks to provide is ‘disagreement management’ during a group
decision-making meeting. In order to do so, the system must first be able to identify when a
disagreement is happening between two or more people in the meeting. Automated identification
of disagreements in a group meeting will enable the facilitation system to provide disagreement
management interventions when needed.
In this chapter, I describe a machine learning method to classify utterances as agreement or
disagreement automatically. I developed a machine learning model that classifies each utterance
as being a disagreement, given the discourse context (prior utterances in the meeting).

6.2 Related Work
Numerous research efforts have leveraged AI techniques to detect specific events such as decisionmaking moments or disagreements between members in a group meeting. For example, Kim and
Rudin applied supervised and unsupervised algorithms on the AMI dataset to predict when
important actions related to a decision take place in a meeting [108]. Using SVM-based and NaiveBayes Gaussian models, they were able to predict key decision points with an F-score greater than
0.8. In the rest of this section, I focus on previous research on automated identification of
disagreements and conflicts in spoken conversations using machine learning techniques.
Several studies have used various computational models and classical machine learning models to
detect disagreement both in textual data [193] (e.g., Wikipedia talk pages) and in spoken
conversations [109]. For instance, Galley et al. used a maximum entropy ranking method to
identify adjacency pairs in a conversation first, and then classify utterances as agreement or
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disagreement using structural, durational, and lexical features. They modeled the discussion
context using a Bayesian network that captures the relations and dependencies between utterances
[67].
Researchers have used various features sets (e.g., lexical, structural, durational, prosodic, and
discourse-related features) related to different aspects of argument expression (e.g., verbal, nonverbal, prosodic, and a combination of them) to train conflict detection models. Germesin and
Wilson explored different sets of features that can better detect agreement and disagreement
utterances in a meeting [71]. They included lexical, prosodic, and structural features in two
machine learning models (a decision tree and a conditional random field (CRF)) and found the
CRF model without higher-level information labeling resulted in a more precise prediction of
(dis)agreement. Kim et al, compared prosodic and conversational features in detecting different
degrees of conflict (low, medium, high) in a political debate. They found that prosodic features
outperformed the conversational features in this three-class classification problem [109].
Nonverbal behaviors have also been shown to be a strong indicator of argumentation behaviors
in conversations and much prior work has explored and developed computational models to detect
disagreement using non-verbal features. Accordingly, several researchers have investigated the
automatic detection of (dis)agreement in discourse based on nonverbal behaviors [22]. Bousmalis
et al. describe the nonverbal behavior cues of agreement and disagreement in group conversation.
They also reviewed several available databases and 8 papers that used machine learning classifiers
to detect (dis)agreement in discourse [24].
Using various features enables the models to train on a rich set of relative information; however
extracting these features usually requires time and manual effort. Thus, a few papers have
investigated semi-supervised machine learning models that are trained on large unlabeled datasets
combined with a small labeled dataset [81, 87] to decrease the effort of manual labeling. A variety
of machine learning models including decision trees [87], conditional random fields [194], support
vector machines [109, 151], Baysian networks [67], and contrast classifiers [81], have been used
to detect extreme cases of disagreement or conflicts in political broadcast debates [194], as well as
disagreements in group meeting conversations [71].
Although much work has employed machine learning techniques to detect disagreement using
lexical, structural, durational, prosodic, and discourse related features, less work has used state of
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the art computational approaches in Natural Language Processing (NLP) and deep learning models
to detect disagreement by considering the meaning of utterances and the conversation context. An
advantage of deep learning models is their ability to learn and extract features as a part of the
training process. This gives them a great potential to be used in real-time systems. Thus, in my
work, I investigated the use of a deep learning approach to detect disagreement in conversations.
While the system currently uses the transcripts of verbal communication between participants, the
system could extended to using multimodal inputs including the audio (prosodic), as well as
emotions (sentiments) of meeting participants in the future. The output from the model can then
be used by the intervention module in real-time as the conversation is going on.

6.3 Meeting Corpora
I used two public datasets of small group decision-making conversation; AMI and GAP. Both of
these datasets contain text transcripts of group conversation as well as argumentation labels,
indicating the argumentation status of each utterance in the conversation. Here I describe each
dataset in more detail.

6.3.1 AMI Dataset
The Augmented Multi-party Interaction (AMI) meeting corpus consists of 100 hours of meeting
audio and video recordings. AMI is widely used among researchers to study group behavior and
develop computational models to predict patterns in a group discussion [71]. The meetings
recorded in this corpus are group decision-making sessions with four participants who discuss the
design of a new television remote control. Participants play the roles of employees in an electronics
company that decides to develop a new type of television remote control. The participants are told
they are joining a design team whose task, over a day of individual work and group meetings, is
to develop a prototype of the new remote control. In this context, each participant is given a
specific role in the meeting. The roles include project manager, user interface designer, industrial
designer, and marketing expert.
Annotations: The AMI corpus provides various annotations, including verbal, non-verbal, and
contextual labels, along with the transcripts, audio, and video recordings of the meetings. In this
project, I only used the portion of the AMI dataset that contains argumentation annotations. The
AMI corpus creators used Twente Argument Schema (TAS) [162] to formally annotate the group
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discussion segments with argumentation labels. TAS is designed to formalize the observed
argumentation in a group discussion and captures the important conversational moves in a group
decision-making discussion. In order to preserve the conversational flow, TAS defines a tree-based
data structure where the speech segments are nodes that can, for example, be strong or weak
statements or open issues. In this tree, the edges are relations labels between two nodes (e.g. two
statements) that can be, for example, a request, or a positive (agreement) or negative
(disagreement) relations.

6.3.2 GAP Dataset
The Group Affect and Performance (GAP) corpus consists of transcripts of group conversations
for 13 small group meetings, approximately 104 minutes of audio recording, as well as annotations
per utterance. This data is collected and published by Braley and Murray to stimulate the research
on computational analysis of small group meetings [180].
In each meeting, two to four participants were involved in a group decision-making task. In total,
37 participants formed 13 groups and attended the sessions. All groups were instructed to perform
a ‘winter survival task’ which is a group building exercise similar to the desert-survival task [55].
The winter survival task is a group decision-making activity in which participants are asked to
imagine a hypothetical plane crashed situation and need to work together as a team to survive.
They are presented with a list of 15 items that remained from the plane and are required to rank
these items based on their importance to the team’s survival.
Annotations: Each group meeting was split into speaker intention segments. Each segment is then
manually annotated for sentiment and argumentation (decision-making) labels. For sentiment
labeling, they used a binary annotation schema with positive and negative sentiment values.
Meetings were also annotated for group argumentation statements, which refers to the status of
each segment in the group decision-making process. The four argumentation labels are proposal,
agreement, disagreement, and confirmation.

6.4 Automatic Detection of Disagreement in Group Conversation
Various modalities can be used to detect disagreement moments in a spoken conversation. In
addition to the pure semantics of a sentence that declares disagreement, prior research has shown
people’s nonverbal behavior, voice prosody, and even discourse structure, are all affected when
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they express a disagreement [22, 71]. Much research has investigated the use of various nonverbal, prosodic, and conversational features to train machine learning models for disagreement
detection. An important aspect of the disagreement detection model in this context is that it has to
provide the prediction in real-time to be used by the intervention module. While I admit the
importance of all of these features, as a preliminary step I use only the text of meeting participant
utterances to predict its label, as it does not require any further feature extraction. State of the art
speech to text technology offers relatively accurate transcripts that can be utilized by the model
without further manual manipulation.
To represent the spoken words and sentences in a machine-understandable format, I used word
and sentence embedding [133]. Focusing on the disagreement prediction task for each utterance, I
evaluated two different language models and prediction techniques and compared the results. I
used a sequence-based model (LSTM) and a data-driven transformer model (BERT) to predict
disagreements in a multi-party conversation.
LSTM or Long Short Term Memory neural networks are a type of Recurrent Neural Network
(RNNs) [132]. LSTM is specifically useful to model and learn order dependencies in sequential
data, and they are widely used for speech and language problems [72]. RNNs in general are capable
of representing context information by keeping some information about past inputs. However,
RNNs fail to keep information from longer time gaps in a sequence because of a computational
problem (vanishing problem), and LSTMs were explicitly introduced to solve the long-term
dependency problem. Thus, I hypothesized that LSTMs can be useful in detecting disagreement in
a conversation by looking at the discourse context (previous utterances) for a conversation.
The Bidirectional Encoder Representation of Transformer (BERT) is a novel approach in language
modeling that applies certain key points from previous models: 1) it has bidirectional training, and
2) it uses a transformer architecture and attention mechanism [57]. Using these key features BERT
has revolutionized context learning in language models. BERT is being widely used for various
NLP tasks such as classification, question answering and Named Entity Recognition. Given
BERT’s capability in learning the contextual relations between words and sentences in a text, I
hypothesize that it would perform well in detecting disagreements in a group conversation.
Moreover, BERT can be trained on a large amount of unlabeled data and there are very large
pretrained BERT language models that can learn any new language data in an unsupervised
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manner. In this effort I used pre-trained BERT to transform group member utterances to a fixedlength vector.

6.4.1 Method

Table 7. Distribution of labels in AMI and GAP datasets

I formulated the automatic detection of intragroup
disagreement as a classification problem. My data set
consisted of 9,613 utterances, each labeled with one of the
7 classes shown in table 7. I split the data into a training
set and a validation set, with 90% for training, and 10%
for validation.

Utterance Labels # of occurrences in
our data
Agreement
4267
Elaboration
1619
Disagreement
1099
Option
1341
Proposal
516
Uncertain
514
Confirmation
18

Data Pre-processing
The data used consists of 28 transcripts of group meetings from the GAP dataset and 94 meeting
transcripts from the AMI dataset. To prepare the data for the deep learning models, all transcripts
were first segmented into conversational turns by each speaker.

The GAP and AMI dataset

together contained approximately 110k utterances. I then needed to find an appropriate numerical
representation of words and utterances. To do so, I evaluated multiple word and sentence
embedding techniques after initial cleaning of the data (replacing compact form of phrases with
full phrases, removing stop words, removing empty utterances). For word embedding I tried two
pre-trained models: GloVe on the commonCrawl data set [154], and Word2vec on Google News
[133]. To compare the word embedding models, I visualized the numeric representation of words
in a 2D environment after dimension reduction (via t-SNE), and I chose word2vec model as the
word embedding. I also trained my own word embedding. For sentence embedding, I tested the
averaging technique [7] and calculated the average vector of all word vectors in a sentence. The
second sentence embedding model I tried was Gensim Doc2Vec model [69]. To evaluate the
sentence embedding models I ran cosine similarity and found better results with the Gensim model,
so I chose that as my final doc2vec model.

LSTM Model Architecture:
Using an encoder, I mapped the sentence vectors generated by the Gensim model to vectors with
size of 500. The vector representation of each utterance besides its 3 previous utterances were fed
to the model in each row, resulting in a 3-dimensional input matrix #of utterances * #of sequenced
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sentences * vector dimension (9613 * 3 * 500). I also prepared a one-hot-vector representation for
each of the 7 labels. I then fed the input matrix to a Bidirectional LSTM model. The Bidirectional
wrapper is used with a LSTM layer. This helps LSTM to learn long term dependencies. I then fit
it to a dense neural network to do classification. I used a relu function and finally added a Dropout
and a Dense layer with 7 units and SoftMax activation. When I have multiple
outputs, SoftMax converts outputs layers into a probability distribution.

BERT model Architecture:
The second model I evaluated was BERT. For the BERT model I simplified the problem to a
binary classification. This model is only designed to predict whether an utterance is disagreement
or not. I loaded the cleaned and time- ordered utterances from the AMI and GAP datasets. To
balance the distribution of classes I resampled the utterances with disagreement label, resulting in
5,500 disagreement utterances out of a total of 14,014 utterances. I used the BERT tokenizer to
get fixed-size (32) vector representations of each utterance. I then fine-tuned the pre-trained the
BERT model by passing utterance vectors to it.
I split my data into training and test datasets, and built a custom model containing BERT, with a
dense layer and a softmax layer at the end. I performed the classification task for each utterance
using the CLS embedding induced by BERT.

6.5 Results
I conducted experiments with both datasets described in Section 6.3. Table 8 shows the
performance of the LSTM and BERT models. Among LSTM models, I got the best performance
when considering 5 previouse utterances (69% acc, 69% F1). A binary classifier using BERT had
the highest accuracy on the test dataset (78% acc, 71% F1). Considering more labels resulted in
lower performance of the BERT model. I tried three labels: Agreement, Disagreement and
Elaboration, and the accuracy decreased to 69%. The use of more labels for this problem is not
required, given that the goal is to detect only disagreement utterances.
Table 8. Accuracy and F1-scores of different models on the training and testing datasets

Model

Training

Testing

Accuracy

Accuracy

F1-score

# of labels
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LSTM-3

0.88

0.64

0.63

7

LSTM-4

89

68

67

7

LSTM-5

0.92

0.69

0.69

7

LSTM-6

0.82

0.66

0.65

7

BERT

0.76

0.69

0.68

3

BERT

0.91

0.78

0.71

2

6.6 Discussion and Design Implications
Although I have not evaluated my models in real time, by developing these models I showed the
feasibility of using deep learning models with low real-time computational demands for
disagreement detection. My models can be certainly improved by adding more features and doing
more contextual analysis such as speaker-addressee detection. Three natural next steps for my
disagreement detection model are:
1) Include other features such as audio and sentiment which are known as good indicators of
disagreement yet can be automatically extracted.
2) Use a longer history of utterances to detect the argumentation status of the current
utterance.
3) Use the previous utterances of the same speaker to better understand the context to detect
disagreement.
Another interesting future step is to add a learning capability to the model. Getting feedback from
previously detected labels in the same meeting and including the feedback to re-train the model
could be very effective in learning the specific features of a meeting, and language of its members.

6.6.1 Disagreement Detection Models Evaluation
A machine learning model should be evaluated in context, and based on the consequences of its
prediction outcomes. Considering the context of group facilitation, as well as the aftereffects of a
false positive and a false negative prediction, here I discuss the interplay between the detection
and intervention module to optimize the performance of the group facilitation system.
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Ultimately the output from such a model will be linked to an intervention module, which controls
the robot to deliver disagreement management instruction. Therefore, errors of the detection
module will have minor or major implications in the overall performance of the system. Two
scenarios could follow a false detection.
The first scenario is when the model detects an utterance as disagreement, but actually, there was
no disagreement (false positive). Such error could result in interruption and break the flow of
participants’ conversation. Without a repair strategy (e.g., the robot continues the disagreement
management without confirming if the case was disagreement), such an error has a high cost for
the group, as it can derail the whole conversation and decrease the efficiency. This conveys the
importance of seeking confirmation by the robot, as reflected in the qualitative findings in section
7.6.
The second scenario happens when the model recognizes no difference between opinions (does
not detect a disagreement), while participants have actually opposing ideas (false negative). The
consequences of such errors depend on the level of the necessity of intervention in a given
situation. If participants expect the robot to intervene, and their next move is dependent on the
robot’s mediation, then a false negative is also costly for the group. Thus, it is crucial to design the
whole interaction and intervention to compensate for the potential errors in the detection module.
For example, the robot should explicitly ask for each participant's opinion at important decision
points when the robot’s intervention is needed in case of a disagreement. Moreover, the robot
should leave room for flexible conversations and be programmed to receive urgent messages. For
instance, when the model does not detect a disagreement and people want the robot to do
something about it, they may just call the robot and say a command to show a disagreement has
arisen.
In sum, I believe in the context of my research, there is a strong tie between disagreement detection
and intervention modules in a way that the performance of the detection model could be
compensated for or worsened by the interventions delivered by the robot. This is why I moved on
to investigate how a virtual group facilitator can provide interventions for disagreement
management in a group decision-making scenario.
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Chapter 7: DISAGREEMENT MANAGEMENT
INTERVENTIONS FOR GROUP FACILITATION ROBOTS
In Chapter 4, I showed the feasibility of using an embodied conversational agent for group meeting
facilitation. Chapter 5 then reported the design and development of an automated group facilitation
robot to help small groups in a group decision-making scenario by providing several services such
as; managing the meeting structure, managing the time, and balancing group member participation.
In this chapter, I specifically focus on group conflicts (a.k.a. disagreements) as a very common
challenge in group meetings that could negatively affect group performance and satisfaction. I
examine how a robot facilitator can provide real-time interventions to manage group conflicts in
decision-making meetings. I improved the meeting facilitation services (structure, time and
participation management) of the group facilitation robot based on findings of my previous studies,
and incorporated a new decision-making facilitation module. Decision-Making facilitation
includes: 1) providing intelligent interventions for disagreement management (either ACTIVE or
PASSIVE strategy), and 2) offering information related to the decision-making task. To evaluate
this approach, I conducted a between-subject experiment with 26 participants (forming 13 groups)
who interacted with a semi-automated robot. The study compared two strategies of disagreement
management delivered by the robot facilitator: ACTIVE disagreement management, and
PASSIVE disagreement management. In this chapter, I report the quantitative findings of the
between subject user study.

7.1 Introduction
Intragroup conflicts are unavoidable when groups of people work together [76]. Conflict or
disagreement arises when interactants oppose each other's views and express diverse opinions.
Conflict among members of a group can explain important variance in the group outcome and
performance [75]. A recent survey estimated that in the US alone, 385 million working days are
spent every year dealing with conflict in the workplace [84]. Moreover, intragroup conflicts have
a dynamic nature [75]. Depending on its type (e.g., relationship, task, or process conflict), and
when it happens in the meeting life cycle, conflict may have different impacts on the group.
Numerous researchers have studied intragroup conflict and demonstrated both positive and
negative effects on group performance. Although empirical evidence about the effects of different
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types of conflict on group performance is mixed, researchers agree that leaving a conflict
unmanaged can be destructive to any meeting [76]. To avoid detrimental effects on individuals as
well as group functioning, groups should identify the causes of conflict and take appropriate action
to manage them [12]. Conflict management is essential for confining the negative effects of
conflicts [12], and much research has explored ways to manage conflicts in small groups.
The ways to manage a conflict situation may be as varied as to its causes and contexts[12].
Numerous strategies and techniques were introduced for conflict management, aiming to minimize
the disruption caused by disagreement and provide a solution that satisfies all sides of the
argument. These strategies are either undertaken by the parties in an argument or involve
interventions of an outside party [12]. The problem-solving or collaboration approach is a conflict
management strategy that "attempts to achieve close collaboration and integrative decision-making
between individuals" [12]. Although collaborative problem-solving has been shown as the most
effective method for dealing with an underlying conflict [29, 117], it has requirements that may be
absent in a dyadic conflict situation. Requirements such as flexibility of interactants, power
symmetry, trust, and confidence in each other, lack of biases, and lack of negative impulses
towards each other may not exist among parties of an argument [12]. As a result, in certain cases,
individual's responses in a dyadic conflict may further escalate the conflict rather than resolve it.
A potential solution to this is that a third person intervenes to facilitate the problem-solving
conversation by creating conditions which are suitable for conflict resolution [12, 144, 165]. I call
this third-party conflict management.
In my research, I suggest using a social robot as a third-party to attempt to resolve a conflict or
disagreement among members of a group. Kats and McNulty identified reflective listening and
maintaining a positive emotional atmosphere as keys to effective conflict resolution [142]. Inspired
by this work and various third-party conflict management methods [123], I propose a step-by-step
conflict management procedure to be delivered by the group facilitation robot when a conflict
arises in the group. The facilitation robot will have an explicit verbal and procedural intervention
to resolve the disagreement. I adapted a step-by-step approach suggested by Michael Wilkinson[1]
to handle task disagreements in the group. The robot takes the following steps when a disagreement
is detected: The robot 1) starts with declaring agreements to establish a common ground between
the parties. 2) practices active listening to confirm and clarify the source of the disagreement. 3)
Asks the parties to discuss the pros and cons of their unfavored option. 4) Asks each party to
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review the alternative options (asks delineating questions such as how much does it cost, what
is involved, etc.). 5) Summarizes the discussion. 6) Checks with the parties to determine whether
consensus has been reached.
After showing the overall feasibility and acceptance of a group facilitation robot, I wanted to test
the performance of such robot in mediating specific challenges in a group meeting, such as
disagreement/conflict situations. In this chapter, my goal is to explore how a group facilitation
robot can play a role in managing group conflict. To achieve this goal, I designed and developed
a group facilitation robot with disagreement management interventions as a decision-making
facilitation. I evaluated the robot, as well as its disagreement management, and meeting facilitation
interventions, by conducting a Wizard-of-Oz style, in-lab user study. I conducted a betweensubject experiment, with 26 participants who attended group decision-making activities facilitated
by the robot. In order to evaluate the effects of the conflict management interventions by the robot
besides understanding overall perception of the facilitation robot, half of the participants
experienced the robot with limited conflict management interventions (PASSIVE condition),
while the other half interacted with a robot who provided more conflict management strategies
(ACTIVE condition). Through survey responses, I first examined the effects of different types of
conflict management interventions that I report in this chapter. Then, to find out about the
unanswered questions from the subjective measures, I conducted semi-structured interviews with
all participants to learn about their perceptions of and expectations from the robot. I also sought to
understand the perspective of experienced information workers who do attend group meetings
regularly together and examine how they perceive the robot in real-world group setting. Thus, I
conducted a focus group with members of an existing group at the administration department of
an educational institute. I describe the design of the focus group and the findings of my qualitative
analysis in the next chapter.
The driving research questions for this work are RQ5) How can a social robot facilitate a small
group decision making session and resolve specific challenges such as intragroup conflict? What
is the participants’ attitudes towards the group facilitation robot, and towards how the robot can
help in conflict management? And RQ1) What would information workers expect and want from
a social robot in a real work setting?
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In the remainder of this chapter, I first review related work that motivates my study. I then present
how I designed the group facilitation agent, the semi-automated robot (“Wizard of Oz”)
experiment I conducted, as well as the experimental methodology. In the results section I examine
participants’ subjective perceptions from survey responses. As mentioned above, in the next
chapter, I report the extensive analysis of the interviews and focus group data to inform the future
design of social robots for group meeting facilitation.

7.2 Related Work
I reviewed most of the prior work related to conflict management and the use of robots in groups
in Chapter 2. Here I briefly review the research in Human Robot Interaction (HRI) that has
explored using robots in groups to help in performing tasks, facilitate a group activity, or moderate
a team conflict.

7.2.1 Robots in Groups and Teams
The history of using robots as collaborators in groups can be traced back to early 2000 when Hinds
et al. studied the effects of appearance (human-likeness) and relative status (subordinate, peer, and
supervisor) of the coworker robot on user satisfaction and collaboration outcome. Prior to that,
though, Nass et al. had started exploring the use of computers at teammates [141]. Leveraging the
advances in sensing and speech technology, researchers developed more complex robots to
collaborate with humans in a range of situations, from small teamwork [175]to high-stakes
teamwork such as rescue missions [140], and invasive surgeries [60]. Much of the research on
robots at groups have been focused on one-on-one collaboration between a robot and a human in
a group setting or at the workplace. Fewer studies, however, explored the interaction of a robot
with multiple humans in a group. A few examples are studies conducted by Malte Jung and his
group. In [153], they studied the effects of the robot’s verbal and nonverbal behavior on conformity
in small group decision-making sessions both on conscious and unconscious levels. They also
extensively studied the socioemotional effects of a robot on group members and proposed
‘affective grounding’ as essential to coordination for both individual and group interaction
between humans and robots [99]. Similarly, Correia et al. have conducted multiple studies
exploring trust [45], emotions [46], and membership preferences [47], in game teams of human
and robot. Most of prior research has examined the use of robots in groups to perform or assist
humans in performing some tasks (e.g., rescue mission[140], surgery [60], delivery [163],
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manufacturing), however introduction of social and semi-intelligent robots suggests that the
involvement of robots can go beyond performing task. On group level, robots can affect social
interaction, change people’s communication, and evoke emotion [102]. Jung also discussed how
robots affect collective human interactions by a group’s social functioning, besides the taskspecific assistance that they provide [102]. Next I review the existing yet thin body of research on
social and facilitative roles of robots in groups.

7.2.2 Robots Facilitating Groups
With advances in sensing as well as natural language understanding technology, multiple research
groups started delegating higher-level responsibilities (e.g., team moderation) to the robots in
groups. Matsuyama et al. presented a framework for a robot that can control and regulate
imbalance engagement in a small group conversation. They used a Partially Observable Markov
Decision Process to model how a robot should observe the conservation status, obtain an initiative
and take some action towards the floor and topic management [127]. In their proposed framework,
the robot first detects when a participant left behind a conversation between two other participants
(A and B). The robot then joins the dominant discussion between A and B, and try to get the floor
like a harmonized agent. Finally, the robot initiates a question to involve the left-behind participant
in the conversation. Matsuyama et al. have evaluated the effects of their proposed system on the
feeling of groupness and perception of the robot’s timing and initiating process by having
participants watch 30-second videos of 4-member group conversations. Their results indicated that
the procedural approach to managing the floor resulted in higher acceptability and a feeling of
groupness. Although their evaluation was via acted videos, not through open interaction with the
robot, their analysis showed the best timing for initiating a procedure is after the second or third
pair of turns versus after the first adjacency pair [124]. Socially Assistive Robotics (SAR) is also
a subfield in HRI literature focusing on developing computational models that enable robots to
assist users in goal-directed interactions (e.g., in health and education) [168]. Short and Mataric
incorporated SAR methods into multiparty interactions, and presented an algorithm to provide task
moderation and social moderation in a team playing a game. They developed a small dragon-like
robot that uses their proposed algorithm to assign conversational and physical resources in a game
with the goal of moderating the team [168].
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MicBot [179], is another research effort in which the authors examined the use of a peripheral
robotic object to promote participant engagement in a small group problem-solving setting. They
developed a robot in the shape of a microphone that can show certain non-verbal behavior
(movements to show follow or encourage actions) to promote group engagement and performance.
A few research studies in HRI particularly investigated robots for conflict management in groups.
Jung et al., explored groups’ perception of a robot that attempts to repair interpersonal violations
among team members during a problem-solving group task [101]. In a Wizard of Oz experimental
setting, they evaluated conflict moderation interventions delivered by a physically and verbally
interactive robot collaborating with a team of 3 individuals (2 participants and a confederate) on a
bomb defusal task. The confederate triggered either personal or task-directed negative attacks to
participants, and the robot responded by either positive repair or neutral approach. Results of a
between-subject experiment on 53 teams indicated that the robot’s repair is only effective for
personal attacks. Group performance was not impacted by the robot, however, teams perceived
more conflicts when the robot attempted to repair a negative personal attack compared to when the
robot provided neutral comment. Shen and Jung also explored a conflict resolution robot for
children with the goal of teaching conflict resolution skills to kids at an early age. To evaluate the
robot, they compared a control condition (robot only directed the play session with no conflict
intervention) with a conflict moderation condition in which the robot offered step-by-step prompts
for constructive conflict resolution. They found that ‘children were more likely to move on and
resolve conflicts constructively in the mediation condition than in the control condition.’[167].
Unlike these studies, I seek to investigate conflict management in a group decision-making setting,
using a procedural conflict resolution intervention that is inspired by the literature in conflict
management at the workplace. My robot’s design and interventions target adults and professionals
who collaborate at teams. In a formal setting such as a workplace, a facilitator with a human-like
look and behavior has great promise as an effective medium for delivering conflict resolution
interventions. Last but not least, the interventions in my system do not limit to mediations after the
conflict onset, but it contains a series of meeting facilitation and decision-making facilitation (e.g.,
structure and participation management) to prevent unnecessary disagreements by clarifying the
arguments.
In a different realm, researchers investigated the processes involved in establishing and
maintaining trust in human-robot teams. In [173], the authors examined human teammates’
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perception of social robots with two failure repair behaviors: 1) a robot that makes neutral
statements after making mistakes (ignore and no admit), 2) a robot that makes vulnerable
comments and admit to any mistakes made at each round of a collaborative game. Their results
demonstrated that robot’s vulnerable statements in admitting to mistakes could have affect
teammates’ trust negatively.

7.3 SoFi: A Social Robot for Group Meeting Facilitation
This section outlines design considerations and features I defined for the group facilitation robot
with disagreement management interventions in the third prototype. This robot’s design is mainly
inspired by the literature in the management sciences on the role of a group facilitator, as well as
the previous work on the group decision-making support tools (including my own previous studies
reported in chapter 4 and chapter 5). In this chapter, I introduce SoFi, a social robot for group
facilitation that can communicate with group members via conversation, and provide disagreement
management interventions and informational support on top of social and meeting facilitation
services. The long-term goal of this group facilitation system is to improve the group decisionmaking experience for the members of the group.
SoFi is a social robot that facilitates group decision-making meetings. SoFi is designed to support
collaborative activities in a group meeting by providing instructions, information, and
interventions to alleviate some of the known challenges in a group meeting, such as deviation from
the agenda, dominance, and conflict. SoFi has a human-like head and face that enables it to gaze
different directions, and show facial expression [Figure 10]. Furthermore, to facilitate natural
interaction with a group, SoFi is able to conduct quasi-natural conversations with all group
members. It also shows attentive listening behaviors, allowing group members to engage in a
conversation with it.
SoFi is represented with a humanoid head developed by Furhat robotics9 [Figure 10]. In this study,
I used the new version of Furhat that has built-in microphones and camera. Similar to the robot I
described in Chapter 5, this robotic head has an animated face, back-projected on a translucent
mask, mounted on a mechanical neck that allows the head to turn and nod [3]. In addition, the new
version has a three degree of freedom that allows the head to turn, node, and roll. Adding the third

9

https://furhatrobotics.com/
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degree of freedom has made the robot’s head movements and gazes look much more natural. The
robot’s speech is generated using the Cereproc speech synthesizer. The robot can direct its
attention using eye gaze and head pose, show facial expression, and listening behaviors by moving
her eyebrows, lips, nodding and rolling her head.

7.3.1 Design Requirements
My first study has demonstrated the benefits of using and embodied conversational agent as a
group facilitator over a voice-only agent [Chapter 4]. Previous research has demonstrated the
superiority of physical robots to screen-based agents in engaging users in a multiparty conversation
[3, 138]. Robot’s physicality also improves users’ perception of its presence in group interaction
[36]. A physical robot can use its head movement and gaze direction to more accurately display
attentiveness and feedback to speakers and to indicate the desired addressee [120]. Thus, I chose
to use a physical robot as the group facilitator [Figure 10].

Figure 10. The study setting where SoFi is guiding and facilitating the group decision-making session
with two participants

The main goals of the system are to support different needs of a group during a decision-making
task, facilitate the group task, and improve overall meeting quality by providing just-in-time
interventions. Inspired by the literature in business and organizational sciences the robot is
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designed with specific capabilities to mitigate the common challenges in group meetings
including: diverging from the agenda, discussion domination, conflict, and time inefficiency[148,
150]. I categorize the main facilitation functions of the robot under three different types of support
during a group decision-making session: social facilitation, meeting facilitation, and decisionmaking facilitation. Here, I briefly review each facilitation type.
Social Facilitation
Catalyzing the social interaction among members of a workgroup is one of the most important
tasks of a group facilitator [85]. A group facilitator usually starts a session and welcome and thank
everyone for their attendance. He/she starts to build a trustworthy relationship with group members
to improve a sense of teamwork [56]. Thus, to simulate the social behavior of a human facilitator,
the robot facilitator needs display facial expressions, as well as listening and understanding
behaviors. It needs to be able to create a safe and comfortable climate for the members to express
their thought. It should also build rapport, and show empathy by engaging group members in
natural, multimodal, face-to-face conversation, to be accepted in this social role.
Meeting Facilitation
Group facilitators provide real-time interventions and instructions to alleviate common challenges
of group decision-making meetings, such as inefficient and unstructured discussion, and
imbalanced participation (dominance) [189]. Likewise, the group facilitation robot needs to be
able to enforce a structure to the group conversation, monitor members’ participation and actively
nudge less active members to balance the participation, and finally manage the time of the meeting.
Moreover, a robot that takes the role of a group facilitator should be perceived as an authorized
and intelligent member to enforce participants' attendance and adherence to its instructions.
Therefore, as suggested by [34], a group facilitation robot should be able to simulate human-like
verbal and nonverbal behaviors such as gaze and facial expression to allows participants to treat it
as an intelligent and authorized social entity with a persona.
Decision-Making Facilitation
In addition to the general meeting facilitation functions, a group facilitator requires to support the
group decision-making activities in particular. To help a group make a decision more efficiently a
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group facilitator should be able to provide background information (either directly or by querying
other resources) related to the task being discussed.
Furthermore, offering appropriate interventions to manage disagreements amongst members of the
group, and converging different opinions on the same task, is a very critical yet challenging task
for group facilitators [123, 135]. Inspired by the human resource management literature [12, 200],
I propose that a robot facilitator’s conflict management interventions can be categorized into
prevention tasks and management tasks. Conflict prevention tasks are the ones that are
recommended in any group discussion to assure everyone has a chance to express their thoughts.
To prevent a misunderstanding or disagreement the facilitator enforces a structure allowing the
members to listen to each other and come to a conclusion before they jump to the next topic. While,
conflict management tasks include the actions that are taken after a conflict or disagreement arises
among two or more members of the group. A group facilitator should take multiple steps upon the
detection of a disagreement in the group discussion to resolve the conflict. For example, a
facilitator should first attempt to clear the discussion ground and then take procedural steps [12]
to make both sides of an argument reach to a common understanding or a solution.
Multiparty Conversation Competence
The last design requirement reflects the importance of a group facilitator’s competence in handling
a multiparty conversation. Involvement of multiple humans in the interaction, is an important
feature of group decision-making session, and a group facilitator always pays attention to engage
all members in the group conversation [56]. Thus, a robot facilitator should be able to support
multi-party conversations well. To conduct multiparty interaction with all group members, the
robot needs to receive speech and gaze inputs from each member. The robot also must be capable
of performing minimal turn-taking management, indicating attentive behavior by gazing at the
speaker, as well as indicating her intention for a specific user to speak by gazing toward them.

7.3.2 SoFi’s Facilitation Features
Based on the design guidelines described in section 7.3.1, here I explain the specific features and
functions I designed for the group facilitation robot (SoFi) to address the requirements and provide
different types of facilitation.
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Social Facilitation Functions
To establish a comfortable and safe environment for the group discussion SoFi initiates the
meeting by welcoming the team, greeting everyone and introducing herself and the members of
the group. She introduces herself as a facilitator who is with the team to support their decisionmaking. She calls each person by their name and asks them to talk about favorite part of their work.
This serves as “ice-breakers” to acquaint group members with each other and build trust and
rapport. She then sets the meeting stage by orienting group members to the meeting goal, task and
process; discussing desired meeting outcomes; and reviewing the agenda. In order to build rapport
and trust as a social facilitator, SoFi displays understanding and attentive listening by directing her
gaze, smiling and doing head nod, head roll and head shake.

Meeting and Decision-Making Facilitation Functions
SoFi is designed with specific capabilities enabling her to provide meeting and decision-making
facilitation to a group.
• Enforce meeting structure: To avoid deviation from the meeting agenda, SoFi enforces the
meeting structure by offering step-by-step instructions.
• Encourage and Balance Participation: To ensure balanced participation, and to create a safe
space for all participants to express their thoughts, at every decision point SoFi asks each member
what they think. If the robot notices some participants are significantly less vocal during a meeting,
she engages them in the conversation by asking them whether they want to add anything else.
• Manage the Time: During the decision-making meeting, SoFi announces how much time ideally
should be spent on each task. She keeps track of the time spent on each stage and remind the group
of the time on demand. She may also ask the group to move forward if they stuck at a decision for
more than 2 minutes. The system includes a timer display to remind the participants of the
remained time [Figure 10].
• Manage Intra-group Conflicts: Motivated by the conflict management strategies in the group
behavior literature, I designed a procedural conflict management intervention to be delivered by
SoFi when a conflict arises in the team. SoFi’s intervention includes 5 steps that take place one
after another. When group members have opposing opinions about a decision the robot 1) first
acknowledges that there is a disagreement and invite the team to resolve it in a collaborative
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manner, 2) then SoFi asks the group to practice “active listening” and guides them through the
practice step by step. 3) If they still disagree, SoFi asks each member to review the pros and cons
of the options being discussed, and again check with each member whether they are convinced to
change their decision. 4) If they still disagree, SoFi asks each person to review the alternatives to
their proposed option, reassess what each member thinks about the decision. 5) Finally, SoFi
suggests the group to finalize their decision and summarizes the final decision (either agreement
or disagreement). More details on the disagreement management interventions and SoFi sample
dialogue can be found in section 7.4.2.
• Provide background information: The robot has access to extra information about the task being
discussed in the group. This information can be stored locally or by querying to other online or
offline resources. SoFi provides this information as needed when she is guiding the discussion and
is ready to provide more when she receives a request from members of the group.

7.4 Study Design - Methodology
To answer my research questions, I designed and developed a conversational humanoid robot that
can facilitate a small group decision making task. I first conducted a controlled user study to assess
the user's attitude towards the facilitation system and disagreement management interventions. In
this between-subject study all participants experienced the main facilitation function of the robot,
while I compared different conflict management strategies by having half of the groups experience
a more active conflict management intervention enforced by the robot. I chose an adapted version
of the Winter Survival exercise to be the task of the group decision making session [section 7.4.1].

7.4.1 Task: Winter Survival Task
I used a modified version of the standard winter survival exercise as the group task in this study.
Although the proposed design for the group facilitation robot can be used for most types of group
decision-making sessions, I chose a specific group task to investigate the right design for the group
facilitation robot in an experimental study. Winter survival task is team building activity that has
been studied for group behavior analysis [180]. This task involves several decision-making
activities and does not require any expertise or deep knowledge to decide about the items. I
modified the task to make it more structured and limit the potential variations in the decisionmaking and group discussion. Here I describe the modified version of the winter survival task:
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Participants are asked to imagine themselves in a hypothetical survival situation in which their
plane crash landed in very cold weather and they must collaborate as a team and make multiple
group decisions to survive in a plane crashed situation. They are given a list of 10 items and need
to decide about the importance of these items in their team survival. A task description is provided
and the facilitation robot guides the session and provides instructions.

Figure 11. Group decision-making lifecycle

During this session participants first rank the items individually based on the items’ importance to
their survival. Then they are asked to review and discuss the items in their group to make group
decisions collaboratively and the robot supports their meeting by providing instructions and
guidance besides specific meeting and decision-making facilitation. The group discussion has two
steps:
Step1) Pair-wise comparison of items: The robot initiates this step by asking one of the participants
to pick an item to discuss. When a participant picks item A to discuss, the robot provides basic
information about item A, and then asks the team to compare item A with item B (after providing
information about item B) in terms of their importance to the team's survival. The robot guides the
group through the same process 5 times to discuss all 10 items. The paired items and an example
of the robot and group dialogue are shown in Table 9 and 10.
Step2) Ranking of the remaining items: In the second step the robot takes 5 items and asks
participants to discuss and rank the items based on their importance to the team’s survival. To keep
the second step as similar as possible for all groups, the robot starts this step with a fixed set of 5
items based on the standard solution for the winter survival task (regardless of what each team
decided in the first step). The list of items in as well as an example of the robot and the robot
dialogue are shown in Table 9 and 10.
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Table 9. List of items to be discussed in the first and second group discussion

After the group discussion they will be asked to indicate their decisions again individually.

7.4.2 Disagreement Management Interventions
During the group discussion phase the robot provides conflict prevention and conflict management
intervention to help the group have a smooth decision-making process. The conflict prevention
tasks include managing the structure of the meeting by guiding the group to follow the agenda and
balancing participation to assure everyone’s voice is heard in the discussion. Here I describe the
active and passive conflict management strategies in more detail.

ACTIVE Disagreement Management
The group facilitation robot takes up to 5 steps upon the detection of a disagreement in the active
conflict management strategy. 1) Acknowledges the disagreement, and highlights the points of
agreement. 2) practices active listening, 3) asks the team to review pros and cons of options, 4)
asks the team to review the alternative options, 5) finalizes the decision and report the
summary. Table 10 shows SoFi’s sample dialogue delivering these 5 steps. Here I describe the 5
steps in more detail:
1) Acknowledge the Disagreement and Articulate the Emerging Consensus: This action creates a
common ground and allows members to be clear on the decision in front of them. Moreover,
reviewing the emerging consensus amplifies the positive impulse and boosts the discussion
climate.
2) Active Listening: Prior to starting the group discussion, SoFi describes to the team what active
listening is and how practicing it can improve group communications. Then during the discussion
when two members have opposing opinions about an issue, the robot asks them to practice active
listening. SoFi first asks member A to describe what s/he thinks and asks member B to carefully
listen and then repeat what person A said in her own words.
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Active listening is a communication skill that requires the listener to thoroughly attend to what is
being said. Active listening is widely used to improve various types of dyadic communications
including marital interaction [44], parent-youth relationship [79], and doctor-patient interaction
[63], and dispute negotiation [145]. Practicing attentive listening has been shown to derive more
agreements in negotiations [64]. Moreover, prior research has revealed positive effects of active
listening on parties’ satisfaction and rapport in dispute and negotiation conversations [156].
3) Review Pros and Cons: After finishing the active listening process, SoFi asks each party their
opinion and if they still disagree, SoFi moves to the next disagreement management intervention:
reviewing pros and cons. SoFi, asks each involved party to review the pros and cons of their
unfavored option. This instruction enables them to actively seek pros for their disliked option.
4) Review Alternative Options: In case the group does not reach to a consensus after step 2 and 3,
the robot requests each participant to suggest an alternative option.
5) Summarize and Wrap up: Finally, SoFi again asks each member about their decisions. If they
agree on an option, SoFi announces the final decision, thanks them, and moves on to the next step.
If they still disagree after three rounds of interventions, SoFi tells them that it is fine and moves
on to the next task. In step 2, when the group has to decide ranking of items, in case of
disagreement, SoFi lets the group know that to make the task easier in the next round, she uses a
random number generator to randomly pick one of the two items as the nth item in the list. SoFi
also insists that this won't be counted as points for any of the participants. Table 8 shows sample
scripts for each of these steps.
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Table 10. The disagreement management procedure along with sample dialogue delivered by SoFi in each step different
steps

Step#

Agent’s action

Sample script

1)State
agreement

Acknowledges the
disagreement and
point to an emerging
consensus

SoFi: “I think you have different opinions here. which is totally fine. let’s
see if we can work together to build a solution that would address
everyone’s concerns.
Well, I think you both agree that you need a tool for signaling.”[the
common benefit of mirror and pistol]

2) Active
Listening

Describes Active
Listening before the
group discussion

SoFi: “Listening is an integral part of effective communication. Most people
hear their partners rather than listen to them. These are different from each
other. Hearing is a passive physical activity involving the reception of
sound. whereas listening is a conscious and deliberate act, that converts the
sound signals, into something more meaningful and important.
During this task today, I will ask you to practice this skill.”

Asks the team to
practice active
listening when a they
have a disagreement

SoFi: “Now I would like you to practice the active listening skill when your
teammates are describing their opinions.”

Guiding the team
through each step of
active listening:
Asks user A to express
their thoughts.
Describes to user B to
listen and reflect

SoFi gazes at user A.
SoFi: “well, [user A’s name], tell [user B’s name] what you think about [the
item under discussion], and [the paired item]
SoFi: [user A’s name], I want you to tell [user B’s name] what you think
about these items.
SoFi gazes at user B.
SoFi: “and [user B’s name], I want you to listen to what [user A’s name]
says, and repeat back to him/her, what you heard, in your own words."
Repeats for B

Asks user B to repeat
when user A is done:

SoFi: “Well, [user B’s name], could you please repeat what [user A’s name]
just said.”

Thank user B for
listening and repeating

SoFi: “Thank you, [user B’s name]”

3)Pros &
Cons

Asks each participant
to review pros and
cons of their disliked
item

SoFi: “that is Fine. now, I would ask you to talk about the pros and cons of
each item regarding the situation we are stuck at.”
SoFi gazes at B
SoFi: “could you please tell us more about the pros and cons of [A’s
selected item]?”
Repeats for A

4)Alternat
ives

Asks each participant
to discuss alternative
options

SoFi: “Well, let's dive a little deeper and discuss the alternative options.
Gazes at user A
SoFi: Tell us about what can be an alternative to these advantages of [A’s
selected item]
Repeats for B
Remind them attentive listening

5)Wrap up Wraps up, and
provides summary

Sofi: Well. so we agree that [item x] and [item y] are useful for signaling in
a situation like this.
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now?”
[SoFi announces agreement or disagreement and moves on]

PASSIVE Disagreement Management:
In the control condition the robot provides the same conflict prevention tasks (structure and
balanced participation), however it only offers passive disagreement management interventions.
In this condition, when a disagreement arises, the robot only 1) acknowledges the disagreement,
and 2) asks the group to resolve it, by saying “Well it seems you have different ideas about this
item, why don’t you try to work it out?”

7.4.3 User-Study Design and Procedure
I adopted a between-subjects design to compare the effects of active and passive disagreement
management style on the groups. Each experiment session was randomly assigned to one of the
two conditions. Upon users arrival, a research assistant described the session procedure and the
decision-making task, obtained participants’ informed consent. Afterward, participants were asked
to fill out a set of questionnaires including demographics, their attitude towards the group and
PANAS (Positive And Negative Affect Schedule), Participants were told how much time they had
for the task and were guided to the room with the facilitation robot to start the experiment. In the
experiment room, the research assistant first introduced the robot and explained how she will see
and listen to the participant. The research assistant also explains about the shared display, the timer,
and how participants should use the tablet for initial and final ranking of their decisions. The
research assistant left the room after starting the program. The research assistant monitored and
controlled the robot from another room and came back to the study room when the session ends.
After attending the group decision-making session facilitated by the robot, participants were asked
to move to different rooms to fill out post-session questionnaires. In order to gain a better insight
on participants’ attitudes toward my system, I also conducted a semi-structured interview with
each group at the end. Finally, participants were given a debriefing document disclosing that a
human was controlling the robot (Wizard of Oz), the study goal, and the other study condition.
The study was approved by the Institutional Review Board at our University, the whole session
took about 90 minutes, and participants were compensated for their time.
Participants: 26 participants were recruited by posting online advertisements in online recruiting
websites and posting flyers in the university campus. Participants were required to be at least 21
years old and have had some sort of professional experiences to be eligible for the study.
Participants consisted of a mix of students (92%) and full-time employees. They were randomly
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matched together to form 2-member groups. The average age of participants was 24.3(2.6) and
46% of the participants were male. To minimize the effect of gender and expertise on the group
performance, I ensured that the ratio of mixed-gender/same-gender groups, was equal in the two
conditions. I avoided grouping people from the same department/program, or different expertise
levels together. 90% of participants did not know each other before the sessions.
Measures: To address my hypotheses, I measured several subjective responses from self-report
questionnaires. 1) Participants’ affective state was assessed through PANAS scale[195] and SAM
scale [27] before and after the decision-making session. 2) To answer my research questions, I
adapted standard scales [101] to assess participants’ experience in terms of their disagreements
and conflicts. I also asked them about the disagreement management interventions by the robot. 3)
Participants’ attitudes towards the robot’s usability and personality were assessed using single item
questions about the robot (e.g. trust, helpfulness, the robot’s knowledgeability, authority, and
friendliness). I also assessed users’ perception of rapport with the robot via a standard scale used
in previous studies (Chapter 4). 4) Users’ perception of their team cohesion and their overall
satisfaction with their decision-making process were estimated via composite measures. 4)
Participants’ perception of their meeting performance and efficiency were measured via single
item questions. 5) I adapted a standard scale to measure the active listening skills and behaviors
(ALAS) [113].

7.5 Quantitative Results
Across both conditions, participants were fairly satisfied with their group decision-making
experience (Mean = 6.5 (SD = .55)). They were satisfied with the robot (Mean = 6.23 (SD = 1)),
and found it helpful for their decision-making (Mean = 5.92 (SD = 1.3)) (both measured via a
single item), and rated its facilitation functions significantly higher than neutral (t(25) = 10, p <
.0001) (measured in a composite scale). They also rated their team cohesion (Mean = 6.48 (SD =
.67)), and meeting experience (Mean = 6.33 (SD = .79)) significantly higher than neutral in both
conditions (t(25) = 14.7, p < .0001, t(25) = 11.4, p < .0001) with no significant differences between
conditions. Moreover, on average all groups showed increased positive affect and decreased
negative affect after the session. I found no significant differences between conditions regarding
team evaluation, task completion time, and change and quality (compared to expert ranking) of
their ranking.
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To assess the disagreement management interventions, I analyzed the video recording and found
that groups in the ACTIVE condition followed 100% of the robot’s instructions in disagreement
management instructions such as practicing active listening, and reviewing pros and cons.
I did not find any significant differences between the two groups in terms of their initial and final
ranking. I also watched the video of the sessions and found no significant difference in number of
disagreements between the two groups. However, when I asked participants to recall how many
items they had agreement and disagreement on in each steps of their discussion, participants in the
ACTIVE condition reported significantly higher number of items they agreed on, than participants
in the PASSIVE condition. Participants in the PASSIVE condition also reported the number of
items they had disagreement about significantly lower than the intervention group.
While there is no significant difference in the average perception of conflict and conflict
management, between the two conditions, I noticed a trending difference in response to this single
item: ‘How frequently did people on your team disagree regarding the work being done?’ in the
scores for PASSIVE (M=2.21, SD=1) and ACTIVE (M=3, SD=1) conditions; t (24)=-1.9, p =
0.06. After observing the higher conflict recall in the ACTIVE condition, I watched the video
recording of the meetings again looking for the frequency and quality of conflicts. I noticed the
disagreements were relatively stronger in the ACTIVE condition and it can explain why people
recall them higher than the participants in the control condition. I had no control on the difference
in the number and level of disagreements between the two groups, yet it could affect overall
experience of the participants. As described in the method section, I kept everything except the
robot’s disagreement management intervention, the same in both conditions, but I could not control
the disagreements people initially have about items.
Regarding the efficiency of the meetings, overall I did not find any significant difference on the
composite scale between conditions, however I found a (close to) significant difference in
evaluating how wisely the group used the time for PASSIVE (M=6.8, SD=.36) and ACTIVE
(M=6.1, SD=1.1) conditions; t (24)=2.06, p = 0.050.

7.5.1 Active Listening
To compare the disagreement management interventions, we looked at participants self-reports on
some of their active listening behaviors and found significant and trending differences between the
participants in PASSIVE and ACTIVE disagreement management condition. An independent t116

test on single items showed significant and trending differences between the participants in
PASSIVE and ACTIVE disagreement management conditions on their active listening skills and
behaviors.

Figure 12. Participants rating of their and their partners' active listening behavior during the group
discussion

7.5.2 Robot Evaluation
As described in section 7.4.3 participants answered several single item questions, as well as a
composite scale on their perception of the robot’s usability, personality and rapport. Among the
single item questions, we found that participants rated the robot’s friendliness and trust
significantly lower in the ACTIVE condition. Table 11 shows the mean and standard deviation for
each group.
Table 11. Robot Evaluation comparison between two conditions

Rapport
Trust
Friendliness

ACTIVE
Mean (SD)
5.49(1)
5.33(.88)
5.92(0.9)

PASSIVE
Mean(SD)
6.26(.6)
6.5(.94)
6.71(.61)

p-value
.024
.004
.003

Last but not least, in my baseline measures I asked a few questions to assess individuals’ feeling
towards the group work (e.g., ‘I enjoy working within a group.’, ‘I prefer to work within a group
rather than work alone.’) on a 5-point scale. I noticed that participants in the ACTIVE condition
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had significantly lower (t(24)=2.26, p = .03) responses to these two questions (Mean = 3.3 (SD =
1)) compared to participants in the PASSIVE condition (Mean = 4.1 (SD = .63)). This initial
difference in feeling towards group work may explain some of the results I showed above.

7.5.3 Conclusion
I designed and developed a group facilitation robot that could provide interventions to manage
disagreements and conflicts in a group meeting. 26 participants (forming 13 small groups) were
recruited to attend group decision-making sessions facilitated by the robot. I conducted a between
subject user study to compare two different disagreement management strategies delivered by a
robot (ACTVE, vs. PASSIVE). My quantitative findings showed people were satisfied with their
experience and liked the robot to be involved in handling their disagreements. They also
appreciated and followed the active listening practices instructed by the robot. However, I did not
see the ACTIVE disagreement management translate to much different in group performance and
my quantitative results left me with a couple of unanswered questions such as:
•

Why the robot with ACTIVE DM is rated as less friendly and trustworthy?

•

Why participants felt the time was used less wisely in ACTIVE DM?

Furthermore, wanting to find out about the expectations from the robot and the applications of its
facilitations in a real work setting, motivated me to conduct a focus group with coworkers in a real
work setting and perform in-depth qualitative analysis to find out about their expectations from a
virtual meeting facilitator.
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Chapter
8:
UNDERSTANDING
THE
DESIGN
REQUIREMENTS OF SOCIAL ROBOTS IN WORKPLACES
To identify opportunities for improving the design of the group facilitation robot, I conducted
semi-structured interviews with the participants in the disagreement management study (Chapter
7) and held a focus group with employees who are currently working together in an organization.
I designed the interview questions and the focus group to answer my second research question
regarding the expectations from and perception of facilitation robots at the workplace. I also
wanted to find out more about the minor dissatisfactions reflected in the quantitative results of the
user study (section 7.5). The qualitative findings of these focus groups demonstrated the feasibility
and benefits of certain conflict management interventions. The study results also characterize a
strong correlation between the unique characteristics of each group on the expectations from a
facilitation robot. I discuss implications for design and how my findings challenge some of the
features deployed in the current prototype.

8.1 Focus Group Methodology
To gather more insights into the group meeting experiences of information workers in the
workplace, and to obtain a more realistic perspective of the desired capabilities of a group
facilitation robot, I a series of interviews and focus groups in two rounds. The focus of this work
was to explore how a conversational robot should be designed for group facilitation and how it can
address the various challenges in a group decision-making setting I conducted 13 focus groups of
2 members with people who attended group decision making sessions facilitated by the robot
(Chapter 7) and ran one focus group with 7 employees with strong group collaboration experience
in the workplace, to understand their unique challenges and expectations for a conversational robot
for group facilitation. To distinguish the two different types of focus group and for clarity, in the
reset of this document I refer to the 13 focus groups of the user study as ‘user study/interviews’,
and use the term ‘focus group’ to refer to the discussion with 7 employees in the workplace.
The focus group participants work in the same group at the administration department of a
university. The average age of focus group participants was 42.8 (SD = 10.4), and four of them
were male. The length of their experience is this team was between 0.5 and 7 years, and had
regularly attended group meetings together. 50% of them said they regularly attend group
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decision-making meetings as a participant. In the focus group I asked members of a group at a
workplace to provide input on their preferences for, and attitudes towards a conversational robot
at the workplace. This process yielded crucial input from my target population, resulting in
identification of key factors that impact people’s interaction with robots in work groups.

I designed three activities in the focus group session to
1. collect participants’ immediate feedback about the concept of using a robot to facilitate a
group meeting,
2. learn about their ideal group facilitation robot and its desired functions to help with their
common challenges in meeting (e.g, conflict), and
3. understand their perception of and reaction to the robot’s failure and malfunctions during
a meeting.
Northeastern University’s IRB approved all activities, and participants were compensated for their
time.
To start the session, participants first watched a 3-minute demo of the group facilitation robot
while she introduces herself and describes some of her capabilities. They also watched a short
video clip of a small decision-making session facilitated by the robot to see how it interacts with a
group. After the introduction, they were engaged in a discussion about their overall impression of
the robot, and what they think about the robot’s role in a meeting.
In the second activity, I specifically asked participants to picture their ideal robot, who it
represents, and what it does. They were instructed to fill out a questionnaire with six open questions
about common challenges in their group meeting, the role of their ideal robot in a meeting, and
how their ideal robot supports their meeting. This activity allowed participants to think about
different services and capabilities of a facilitation robot in a group setting to resolve some of the
group meeting challenges. The idea here is to provide room for participant feedback by not making
them feel that what they had seen was a final product. After answering the questions, to widen how
they think about the scope of the robot, I asked them to particularly discuss how the robot can help
with the agenda deviation, dominance, and disagreement challenges, and to what extent the robot
should be involved in the decision-making.
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Next, I displayed video clips of four types of errors by the robot during a group meeting. The video
clips were taken from my pilot study when the system development was not flawless yet, and the
robot had some errors and failures. The robot’s failure shown in the clips were 1) error in social
interaction, 2) delay in responding and repeating, 3) not understanding what users say- make them
repeat multiple times, and 4) misunderstanding what users say and move on with wrong
consequences.( e.g. they say they want to keep a resume, she thinks they want to eliminate).
Finally, I asked participants about their perception of errors in individual vs. group interactions,
and how they think the robot should recover from a failure.

8.2 Findings
Inspired by grounded theory analysis [43], I conducted a thematic analysis on the 13 focus groups
interviews of the user study described in chapter 7, as well as the focus group data with 7
employees,. Using the Atlas.ti 7 software, I coded transcripts, and labeled emergent themes and
phenomena in the interview and focus group transcripts. In this section I report the main themes
extracted from the user study interviews and the focus group discussion.

8.2.1 Feedback on the Current Facilitation Functions of the Group Facilitation Robot
I first discuss the participant’s impression of the group facilitation robot, its facilitation functions,
and how they believe such a robot can be helpful in mitigating some of the group meeting
challenges. The participants found SoFi ‘friendly’ and ‘very interactive’ mainly ‘because of the
way the robot looked at [them] and nodded and said "uhum"’ during their conversation. They felt
that SoFi was attentively listening to them and that made them feel they wanted to talk more. They
also found the robot to very helpful as a meeting facilitator and mediator. For example P2 in Group
1 said:
“In general I was really impressed with the robot and it seemed like a really great
facilitator of meetings. It did seem like the robot was mainly there to provide structure and
background information on the items rather than inputting the robot's own ideas. So that
was an interesting dynamic.”
Many participants also mentioned they felt the robot's presence like “she's not a robot, [rather
like] some person is sitting besides us and just having a discussion”, a third person in the meeting
who added a ‘sense of formality’ to their meeting. They also liked SoFi’s human-like appearance
and expressive facial expressions.
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During the interviews and the focus group discussion, participants brought up a lot of their previous
group meeting experiences to evaluate SoFi’s capabilities. They remembered the common
challenges they used to experience such as dominance, bias, topic deviation and not enough
listening. The participant talked a lot about how some of SoFi’s characteristics could be helpful in
handling these challenges.

8.2.1.1 Balancing Participation by SoFi
All groups appreciated SoFi’s role in balancing the participation and giving all members the
chance to express their thoughts. They discussed how the robot encouraged them to share more
thoughts and how it was helpful both in cases of agreement and disagreement to learn more about
the members’ ideas. Most groups brought up their previous experiences in group meetings where
dominance and imbalanced participation was a major challenge and acknowledged how SoFi
could be helpful in such situations. For example Group 13 said:
“I think this is a good program when you have a big group. It is always like a few people
whose voice had always never heard and then like this other people who are more assertive
and aggressive and then you know, people, the entire team goes for three are saying rather
than being based on what facts are. So I think if you have like this kind of is a middle man
who kind of lets everyone talk... This is the main difference that like you are, everyone can
get a chance to talk, but in, in a normal meeting, like the people who are more assertive or
more extraverted, they would let dominate the meeting”
In the same time some groups mentioned that it is not always practical to expect equal participation
from all members of the group. Especially when the group hierarchy is not flat and people with
different expertise and seniority are present. They proposed that balancing participation can be
always helpful, but the robot needs to consider peoples’ roles and allocate sufficient time based on
their role and expertise.

8.2.1.2 Meeting Structure and Time Management by SoFi
All groups found the session “well-managed” and “goal-oriented”,and found SoFi very helpful in
managing the structure and time of the meeting. They discussed how this enforced structure by the
robot prevented topic deviation (which they said is a big challenge in their previous group
meetings) and improved the meeting efficiency. Here group 8 discussed how the robot guides them
through each step.
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“I think what I liked the most was just how the robot facilitated our discussion. It was
definitely very structured and we didn't go into a blind, which is very nice. she had an idea
of how we were going to have this discussion and we followed it very well.”
While all participants appreciated SoFi’s role in enforcing a structure to the discussion, some
groups affirmed they would have had more room for free conversation without SoFi, and that may
result in a smoother conversation in some cases. Group 9 pointed out that if the robot forces a
structure people may not feel free to discuss their own ideas and that may add to the tension when
they have disagreements. They said:
“I think it [structure management] is helpful in order to keep the conversation calm and
give like some time to actually listen to the other person and be a structure. But at the same
time I may lack some dynamics in the conversation or cause sometimes it's easier to go
back and forth on argument as long as there's respect and so for me it would, if it was
something that we disagree more, I would ideally have her not in like not talking to every
in between every time we talk so we can like actually like go back and forth and if there's
a moaning, which we actually like not listen to each other, then she would take place. So
you would prefer to have more time for free discussion and then at some points when you
have a disagreement or something she can enforce the structure too.”

8.2.1.3 Active Listening
Groups in the ACTIVE disagreement management condition felt that practicing active listening
was the most helpful activity in resolving a disagreement and “encouraging receptiveness” that
they wouldn’t have done without SoFi. They affirmed that practicing active listening had
reciprocal benefits of reducing the chance of misunderstanding the other person, and feeling
validated and heard.
[P13]: “Those were good parameters that ensured that we listened actively because when
you know that you have to recalculate and you have to go back and convey what you
understood, like I said, it could clear any miscommunication. in the absence of that, the
con of that is you end up not listening to that other point of view and do much stick to that.”
[P1]: “Encouraging us to listen to each other, repeat back what the other person said, I
feel like that made me feel more validated when I was saying, [ because] like the other
person was listening actively to what I was saying and that, we would be able to work
together.”
Several groups including Group 10 reviewed not enough listening as a prevalent problem in many
group meetings at the workplace and mentioned how SoFi could mitigate this problem.
“P19: So whenever we go in a group meeting, when we have some discussion at work or
at university, so everyone's just keep on talking so it doesn't feel like everyone can
understand what they're talking about. There's no active listening and like I really like the
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way she said, like whenever you, the other person is saying something, you should
acknowledge it like by saying it again. So that was really different thing for me.”That's
very helpful because the other person feels like, yes, you are being understood. P20: Yeah.
Yeah. So previously, like whenever we have some kind of group conflict. The other person
is kind of very adamant about, what they're their own points. So they are like, even if you're
talking, they'll be like, okay, like do you miss this thing about the point they want to say. So
the way that robot made sure that we repeat the other person's thing wouldn't like it made
us listen to the other person and the other person was also like okay. She got my point. So
she's considering it.”
One important suggestion to improve this intervention was to adjust the frequency of the active
listening practice. Groups who had multiple disagreements found it a little repetitive and time
consuming to go over the whole process again and again.

8.2.1.4 Informational Support by SoFi
Participants in both the user study and the focus group envisions the information provision as an
essential application of a group facilitation robot. The user study participants found the information
that SoFi provided about the items ‘very effective’ in their decision-making process, and they
specifically found this conversational way of information communication more engaging than
receiving it printed out on paper. They also proposed that SoFi can play an important role in
facilitating the decision-making process by providing extra information and facts to guide the
discussion. For example P10 in Group 5 said:
[P13]:“I think SoFi gave us a lot of information, which we didn't think about. Like for
instance, using the pocket mirror for signaling that is not something we thought about. Um,
so if I had more information regarding the different options, I think I could make a more
informed shots. So in that way, I think it as a great asset in terms of, you know, just giving
us some background information which could then affect our decision making.”
While some groups said SoFi can provide this extra information as “her input”, four groups
suggested that SoFi can present this information as other groups’ or human experts’ suggestions,
“instead of it having her chime in”. They argued that the information and reasoning would sound
more reliable and acceptable if the robot presents them as other people’s opinion. Group 11
discussed suggest this as follows:
“maybe she could talk about previously some other group did this, some other information.
If she doesn't want to give a biased thing, [just] some more information, through which we
could solve the problem.”
Our findings show how the robot’s level of information and knowledge could characterize its role
in the meeting. When describing SoFi’s role in the meeting Group16 found SoFi ‘a bit
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domineering’ and mentioned that SoFi’s position in the group ‘was a little elevated because she
had so much knowledge’. People would associate more intelligence and expertise to the robot if
they feel the robot has a lot of information about the task.
Another concern regarding the information provided by the robot was the availability,
accessibility, and the source of information. While participants of both the user study and the focus
group found informational support as an essential application of the robot, a few groups mentioned
that background information including ‘industry standards and industry culture’ is not always
available (neither exists nor is accessible by the robot) at the workplace. The robot would be
helpful in situations that expert knowledge already exists, but in a realistic setting a robot ‘might
not have that institutional knowledge that the other people at the meeting would have.’ and it
would not be useful in the role of an informational provider.
They also discussed the information type and the information amount they would expect the robot
to supply, depending on the group members knowledge about the decision-making task. If group
members know the domain well, the robot may have a bolder role in structure management, while
if people are not very familiar with the decision-making context, the robot is expected to aid the
group by providing information.
The participants commented on whether they would like the robot to be proactive in providing
information, or it should wait for participants to ask for it. Most groups demonstrated a strong
desire to be able to ask SoFi for more information about the decision task. The request to
informational support has been also echoed in prior work in organizational sciences. Bercovitch
described how a third-party group facilitator “becomes the information-gathering instrument and
a "resource person"” [12]. Regarding the proactive information supply by the robot, considering
that any information may not be useful for any group, they suggested the robot should confirm
whether people are interested in the information before providing it.

8.2.2 Robot in Groups with Hierarchy
Another recurring theme was the hierarchy in group meetings and the robot’s role in groups with
hierarchy. The participants repeatedly described challenging experiences in “meetings where there
is kind of hierarchy and seniority”, where handling dominance and participation in these cases is
not always straightforward. The power dynamics in a group with hierarchy may impact the
decision-making process and outcome, in two ways: one issue is that usually meetings are
125

‘dominated by the people with more seniority because they're the people leading the meetings’.
The second matter is the effects of group hierarchy on other members’ feeling and contribution
since “normally people tend to agree with what senior people said and they don't speak up
properly”. Group 6 discussed their experience of such situation below:
“Some time it happens in a team meeting when we are like a group of four or something
and they're like two senior managers sitting in the same meeting hall. They sometimes are
just not able to come to a decision and we being the junior employees, we are not really
able to like push our points much. Even if we feel that one of them is better because our
decisions can always be considered as a biased decision because we are one of the two
managers’ team members. So at that time, if SoFi can speak, it will definitely help to resolve
the issues.”

8.2.2.1. Balance participation based on members’ roles
In such settings, equal participation is neither practical nor desirable, while interventions to
encourage the involvement of all members and make every member’s voice heard is highly
essential. Participants affirmed the significant role that a robot can play in meeting with hierarchy
as a ‘neutral third party’ and insisted that the robot’s role in the meeting, the language it uses, how
it calls the members, and some of its functions should be modified in groups with a hierarchy to
adjust to the dynamics of the group. Several groups proposed that instead of promoting equal
participation, SoFi should be aware of people’s roles, interest in the topic, and power status in the
meeting and ‘assign different levels of priorities to different people in the meeting.’ Group 1 said:
“In a meeting where there is a hierarchy, the robot can allot a certain amount of speaking
time to the more senior people while still allowing time for the more junior people so that
they're still able to express their opinions.”
Group 9 proposed that the robot can handle dominance in a group with a hierarchy in a respectful
manner. The robot needs to be aware of the roles, powers, and relationships and recognizes who
is dominating and ask the other members how they feel about the issue. Or recognize if someone
completely neglected the significant points.
“If I like completely neglected some major point of yours, I think it would be helpful for it
[SoFi] to not be like, why didn't you discuss this or like it up. But maybe like what do you
think about this point as well? And maybe not even phrasing it as like this is what he said.
Like you can acknowledge it but being like, what are your thoughts on this? Or like how
do you feel about that? rather than like blatantly saying like, this person has a really good
point. Why are you completely ignoring it? I think maybe just like asking a question that
maybe he would have rather brought up if I'm his superior that like he felt like he couldn't
challenge me a second time.”
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8.2.2.2. The robots’ role in meeting with hierarchy: Peer vs. Superior
Most participants reported that to them SoFi was more like a peer in their meeting, and they found
it appropriate. One group described SoFi’s role ‘somewhere in the middle of a superior, and a
peer, ... more in the lines of a mediator . calm and peaceful mediator.’
When they were asked about the ideal robot’s role and power status in groups with hierarchy
though, one interesting observation was that multiple groups in the user study stated that they
would prefer SoFi to represent a peer when the group hierarchy is flat, while they would want SoFi
to be in a more superior role when there is a hierarchy in the meeting. Group 9 discussed this:
“P19: So if there is a feeling of like I'm superior, or he is superior than I, and we will have
this feeling, then I'll make the robot even more superior. so that we are kind of like all
equal in the sense of like we're all behind the robot. but if we're all equal I would just make
her be like included in the group as another peer…. I think the way I'm going to feel more
comfortable expressing my opinion and giving all my thoughts and saying, all I want to say
is when I feel equal. So if I feel I have less power than you intend to saying what I think, I
wouldn't say. And so the moment the robot, it's above and treats all of us at the same level.
I think that would make me more relaxed. P18: And I feel that if there's someone superior
than my boss and if I have some disagreements, like there's someone above who can listen
and express and enforce some decisions on the boss that everything is fair. ”
Participants in the focus group discussed robot's role from the group managers' (or any member
with high power status) perspective too. In contrast with Group 9' idea, one participant in the focus
group mentioned that a boss or a manager might want the robot to take a more assistive role as
opposed to a more superior role in the meeting. A group manager would think that he/she is able
to moderate a meeting and enforce an agenda. So he/she would like the robot to help with
administrative tasks such as taking notes, reminding times, or summarizing the meeting. Thus my
participants suggested that in a flat hierarchy like a ‘staff meeting’ where more decision-making is
going on, the robot can represent a more authoritative role to enforce the structure and manage the
time, while when a boss or a manager is present at the meeting, the robot can play the role of an
assistant.
“I'm not sure this robot is best [to help in] in certain situations? Certain meetings, Mary
[Department’s dean] for one I wouldn't put this robot in her. I think it's a, if it's a, we need
to come to a decision on something. Yes. But I think if it was a hierarchy of, you know,
senior leadership, I don't even think besides recording and kind of taking notes, I don't
know if the robot would be ideal. I think that it's just one of those types of situations that
you just leave it be because they're all going to have that dominance and you know they
are senior leadership, so you're not going to have them, you're not going to tell them to be
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quiet for one and you're not going to turn to the one person. That's just kind of taken it all
in and analyzing it to be like, how do you feel? Because then you might not want to see it.”
Taking a deeper look at the examples that focus group participants were discussing, I realized that
when talking about meeting with hierarchy, they were specifically thinking of a high-level report
meeting. A meeting where, for example, the department’s dean is present, and less group
discussion is happening. This better justifies the focus group reasoning for the robot’s role in
different meetings.

8.2.3 Level of Robot’s involvement: Mediation vs. Arbitration
One critical aspect of having a social robot in a group meeting to assist the group is the extent to
which the robot should be involved in various group tasks. A group facilitation robot can be a
passive assistant to tell the time or query a data when a group member requests, or it can be actively
involved in the decision-making task by using the outcome of analytical programs and have its
own opinion in the group. Participants had different expectations of the level of robot’s
involvement in the decision-making activity. Some groups clearly wanted SoFi to have her own
opinion and provide more analytical input in the group decision. For example, Group 5 said:
“The robot here should not be treated as a robot. I guess it should be treated as a person
who has his own likings or dislike or whatever function it has. And then it's taking a
decision of, obviously there is information the robot is going to have some informed
decisions because it's not a human is going to get all the data and then it's going to take a
decision. pros and cons or whatsoever it is. So in that case, I guess the robot should be
treated as a person. Like this person has this opinion, this person has this and this person
has that. So whatever goes good, that should be treated rather than feeling that it being
biased because it's not going to be biased on our decision.”
In contrast, other groups strongly believed the robot should not have her own opinion and should
be only a moderator and let the human be the ‘final decision-maker’. They ‘preferred to at least
believe you're making the choice’. They also argued that people would assume that robot’s
input/opinion is based on analysis and facts and would take that for granted and agree with that.
For example, Group 11 said:
“P22: If she'll get involved then people will tend to take his choices. So it's better that she
is just guiding us and not getting involved in it. and it's good that she asked us question
and we give the answer. rather than she she giving her own opinion. P23: yeah. I agree
with that. You get not like a third party thing but not have her own opinions about what's
been discussed.”
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And a third group thought the robot should have a say and be able to provide an advice on demand,
but group would only take it as “as a third perspective.”. Group 6 said:
“So decision should be with us only. But when we [inaudible] she should not interrupt in
between but probably when we asked Sarah about do you think about this and after
listening to all of us she should give her advise decision. It would be definitely unbiased
because he's a robot. She should have her say. Like we shouldn't consider her say as the
decision but we should be the ones who take the decision but she should have her say.”
Some groups also related the desired level of robot’s involvement to the information it provides
and requested more involvement going beyond data querying and providing analytical
interpretation and opinions based on that data and other people’s opinion. The level of the robot's
involvement and it's role depends on how much information people have about the task.

8.2.4 Meeting Efficiency with the Robot
Given the task-oriented nature of group decision-making meetings, their efficiency is especially
important. My participants had mixed opinions about meeting efficiency with SoFi depending on
the meeting goal, the level of their agreement on decisions, meeting type, etc. Overall, many groups
found the structure enforced by SoFi helpful for meeting efficiency and thought without SoFi the
discussion “might have gone on longer” on irrelative topics, and they “would have wasted a lot
of time”. They reviewed their previous experiences in group meetings where they passed the
meeting time and had to leave meeting with no decisions because the discussion had gone off topic,
and thought SoFi could help in such situations by managing the time and keeping the meeting on
track. However some groups raised concerns about meeting efficiency with SoFi in certain cases
where the discussion can not fit into a firm structure. For example, an ‘idea creation’ or ‘design’
meeting where “there's no advantage or disadvantage” and a lot of back and forth is needed.
Participants also felt the using the robot may decrease the efficiency of a meeting when there are
extreme cases of emotional disagreements, or when there are very few disagreements. For
example, participants in Group 8 said:
“So yeah, in that situation, I think it was less time efficient because I think we agreed on a
lot of the items. Um, and so in that case it kind of could have been just like a one, two,
three, like list them off, um, versus giving explanations for every single one. Um, and it,
but I also think it comes down to personality. I think I write and I speak pretty concisely
and I try not to be very long winded. And so if you have people that, you know that about
your team, maybe the robots a little inefficient to use, but if there's certainly people in
situations that need to be cut off and if that's the case then she would be helped.”
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Similarly, Group 11 pointed out that the process may be unnecessary when people are in complete
agreement:
“If there's a big conflict then yes, something like SoFi would be very helpful. but If there's
like a very minor conflict I think, just discussing the human will be much faster. Depends,
I mean on the like depends on the conflict.”
One group though mentioned that it is useful to listen to other people’s perspective even when you
agree, as they may see the issue from a different perspective.

8.2.5 Disagreement Management by the Robot
User study participants commented positively on how the robot “went in the depth” and “walked
them through a process” to manage their disagreements efficiently during the group decisionmaking. For example, Group 8 discussed SoFi’s role in disagreement management as below:
P16: “I think her just like asking us to identify objects to discuss was definitely something
that helped. Without her, I think we just have to run down a list of just each item and now
it’s importance. When a disagreement was found, she definitely took the right precautions
or the right protocols to just have us discuss. I think without her, um, disagreements like
that would definitely be a lot more spontaneous, a lot more disorganized. Just having her
moderate, it was definitely very, made everyone a lot, much more professional.”
Participants in the ACTIVE intervention condition liked actions that the robot took for
disagreement management, such as practicing active listening (6.1.3) and reviewing the pros and
cons of each item. They found it particularly helpful when SoFi asked them to think about and
discuss the advantages and disadvantages of the items.
On the other hand, many participants who experienced PASSIVE disagreement management by
the robot felt the lack of sufficient action by the robot to resolve their conflict. This kind of
feedback indicates the need for appropriate interventions by the robot about disagreements. Group
2 in the PASSIVE condition said:
“In this situation she doesn’t have anything after she has stated that there is a
disagreement. I thought that it was just stating the obvious because I know there is a
disagreement ..., and she just told us that basically you’re not on the same page. I think it
is important to state that you have not reached a decision. But you have to do something
about it because it cannot be left unsaid if in a group meeting, if you just leave as certain
topics onset or you don’t reach a certain conclusion, it’s not going to benefit anyone. Yeah.
So yeah, it’s very important to reach a stage in a group decision.”
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Participants in the PASSIVE condition recounted certain aids that SoFi could offer after
acknowledging a disagreement, such as reviewing the pros and cons and providing information
and facts which I describe next.
They allude to reviewing the pros and cons and one of the necessary actions the robot should take.
For example, P1 in Group 3 said: “If there is a disagreement, I think the robot should tell the pros
and cons of both of the items and should support a little from her side so that we can end up on
choosing the right one.” They also proposed ways to improve the review of items’ pros and cons
by the robot. Group 7, for example, would have liked SoFi to provide more analytical reasoning
based on the pros and cons.
“What it could have possibly done is to weigh them probably. Say if the two items being
compared, the strengths and weaknesses of each of the two items and if the weaknesses
outnumber the strengths, you clearly have a winner. So yeah probably taking on those lines
compared to just offering plain opinions. It could have a countering different points here.”
Some groups in both conditions also expressed their desire to have a “checklist”, an aggregated
metrics to evaluate items, or a visual comparison table where they could compare and “see both
of them [pros and cons] in front of” them.
Our participants also expressed concern over the exit solutions. To prevent excessive discussion
when two people are not converging on a disagreement, they suggest having a compromise option
that allows the group to move on even when they disagree (disagree and commit). In the current
design, SoFi asks the group to move on to the next step if they still disagree after three attempts of
resolving a disagreement. These comments suggested that the robot should offer appropriate
“move on” options even earlier and just makes sure that people don’t have anything else to say by
asking them whether they want to add anything else. Group 8 never reached out to the three
attempts and explained the suggestion as below:
“I don’t know if she had an option for us to reach a compromise because it seemed like it
had to be one thing or the other. If we were able to, if there was an option to reach a
compromise, I think that would also be a lot more how would be very beneficial to both
parties involved. It’s not ideal, but it’s definitely something.”

8.2.4.1 A Holistic Approach to Disagreement Management:
Our interview data further characterized the impacts of managing the meeting structure and
encouraging balanced participants on creating a group environment that is more resistant to
negative consequences of group conflict. Managing disagreements among group members is not
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only about taking actions after a disagreement occurred. Perhaps much more can be done to prevent
a disagreement from happening at all. Managing meeting structure, and balancing the participation
play important roles in creating such meeting environments that are less prone to disagreements
and the following tensions by clearing the discussion ground. Group 9 discusses this:
“[SoFi] Formalizes the argument more compared to any other just plain human
interaction argument, formalize the arguments. Right. And, at the same time I think having
it can be helpful to keep the argument calmer compared to when it's just a human because
it allows you to express your ideas. You're allowed to voice your opinions at a certain time.
…. So yeah, again, as I mentioned, there was a structured way to carry out the entire
argument. … By helping people hear each other out at the same time they are allowed to
raise their opinions and uh, see if it leads to a conflict.”
Several participants particularly reported that “when [they] did have disagreements, it was good
to have that structure and also be allotted equal amounts of time to contribute our thinking.” They
also found it helpful when SoFi gave them “very clear and crisp” instructions on the ways to solve
the disagreement. These comments show that participants specifically connected the meeting
structure and equal contribution time to help with their disagreements.

8.2.4.2 Providing Information to Manage Disagreement
Related to my findings on the implicit impact of the robot’s other functions on disagreement
management, participants specifically talked about the robot’s role in providing information as an
effective way to handle disagreements. Many participants expected the robot to provide ‘new facts
or information’, or talk about ‘new dimensions’ about the issue of conflict during disagreement
management. For example group 7 said:
“[SoFi could] mention a few facts that could be compared with what the other person said.
See for example, if she and I had a difference of opinion on something, and I mentioned
something that she mentioned something else and the Robot mentioned something about
that item, a few things. And we could relate one of our points to her [robot’s] points. So
yeah, that would make more sense.”
A few participants also said the robot could ‘correct’ them when they are saying something
incorrect in an argument. A suggestion that was echoed frequently by my participants was that the
robot could bring up new information by referring to other human’s experience or expert opinion
instead of saying ‘I think’. Overall many groups feel that they need to have more information to
manage disagreement, and the robot should provide this information either as her input or other
groups' experience.
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8.2.4.3 Robot May Disagree but Should Never Embarrass
Interestingly I found this common pattern in the interviews that the robot may have to disagree
with one side of the argument if it wants to manage the disagreement by expressing an opinion or
offering information during decision-making. When we asked participants whether they would be
offended if the robot disagrees with them, most of them strongly stated that they would not be
offended, mainly because they do not associate any bias to the robot and consider the robot's
opinion based on facts. Compared to a human disagreeing with them, they said they ‘would be less
upset and a robot’ and ‘would think of it [robot’s disagreement] less personally’ and
would ‘probably blame the [algorithm] if something goes wrong’. Here is Group 4's response
when I asked them whether they will be offended if the robot opposes their opinion:
“Not really because I know down the line that it's a robot. so definitely it's using its own
as natural language processing skills that it's coming to some conclusion so definitely in
fact I would appreciate it, because this robot is being trained with multiple teams and
multiple things, so definitely I'm sure that the robots input is totally unbiased so there's
nothing to feel offended about. I mean like for a person saying in something, you may feel
that he has some interests with that guy. Maybe they are friends. That's why he's taking his
side for the robot's decision would be based simply on the processing, which I can always
like any other solution, ignore it if I don't want [inaudible].”
One participant in group 8, however, felt that it is contradicting with the robot’s neutral role if it
disagrees with one side and she could be more offended at that case:
‘I would be a bit more offended, If a robot took, personalized ticking. If a robot agrees with
the person who I was disagreeing with, simply on the fact that the robot is supposed to act
as a neutral party. with humans, that can be a bit more diff, different because humans are
definitely open to being, having their opinions sway, but the robot is supposed to be
objective and supposed to facilitate the discussion. If the robot took a side, It would be very
unexpected.’
Participants in the focus group also talked about the possibility of the robot bringing opposing
information to one member’s opinion. Some participants felt that ‘they wouldn't want to hear that
in front of the [group] meeting, and that would be nice to hear [it] afterwards’. They felt although
it may be less useful to have the information after the meeting, many people would not rather hear
from a robot that they are wrong in front of their colleagues.
They also reflected on the likelihood of one developing a bias or a negative emotion, if the robot
disagrees with him/her multiple times in a row. It would also ‘create self-doubt’, if people feel it
is likely that the robot would disagree with them, and they would be discouraged to contribute to
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the discussion. They thought that it is important that the robot do not initiate disagreeing with a
group member proactively. P6 in the focus group said:
“if I asked the robot if I was right or wrong and I was wrong, like that's fine. Like I'm
asking it for its opinion or whatever, but if I'm sitting in a meeting right now, if it chimed
in and said, you're, you're wrong, I'd be like the hell no, I'm not.”
I believe these comments confirm the people’s sensitivity to their image in front of their group and
the the importance of the robot’s language and how it conveys the information that may contradict
with one’s opinion. It is critical for the robot to talk in a neutral way that avoids any personal
misinterpretation and bias. As said by one of the focus group participants: “the biggest thing you
want to be careful of is embarrassing somebody in front of those other people”.

8.2.4.4 Robot Has No Bias
Another prominent theme in my findings was participants’ emphasis on the robot being unbiased.
Most of the participants found SoFi ‘really good at maintaining a neutral position’ and explicitly
commented on how they see this as a valuable feature for a group facilitation robot.
Many participants communicated about how the robot’s unbiased manner can help with different
group challenges, such as dominance and imbalanced participation. For example, Group 8
discussed that robot could distribute the time among group members properly without ‘bias of the
role they play in the workplace’ and “it just makes people that are more subordinate and more
subordinate roles and more comfortable to say what they think.”.
Multiple participants also compared the robot facilitator with a human facilitator and found the
robot more ‘objective’. They felt “with the robot people would be more comfortable because not
getting judged”. Regarding robot’s role in managing intragroup disagreements, they noted they
could trust SoFi because they believed her information is unbiased and she is fair in her task. They
also said they won’t be offended if the robot disagrees with them because ‘I'm sure that the robots
input is totally unbiased so there's nothing to feel offended about’. Given this feature of the robot,
some participants suggested that it could be specifically useful for cases that could involve
human’s emotions such as ‘exit conversations’ where an employee of human resources should
inform an employee that they can not work there anymore.
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8.2.4.5 Robot as an Emotion Stabilizer
An interesting theme extracted from interviews was about how the robot can be an emotion
stabilizer in the moments of conflict among group members. Several participants noted that when
conflicts and disagreements in the group makes them feel unhappy with another member, they
would prefer to be angry at the robot rather than a human colleague. Group 7 said:
“I think if we were hostile towards each other, I would rather be more angry at the device
[robot] than at you. I feel like if I had to yell back at the device then it would kind of take
off some pressure of you. That way you don't also become combative at me.”
The same participant proposed that at the moments of disagreement, instead of two people keep
arguing the robot can ask each person what they think and then, even if people feel negative they
would blame the robot not their peer. P14 in Group 7 said the robot can say:
"Maybe [the robot can say] like what do you think about this point as well? And maybe not
even phrasing it as like this is what he [the peer] said. Like you can acknowledge it but
being like, what are your thoughts on this? Or like how do you feel about that? Um, rather
than like blatantly saying like, this person has a really good point. Why are you completely
ignoring it? ...Just kind of picking up on who's talking more who's not. And if I do sense
like, this robot's pointing out a lot more of their points and my points at least like I'm like
blaming the robot. ... I've been [mad] at the robot rather than directly at him for speaking
up too much.”
They also talked about the application of such a mediator role for the robot in meetings with
hierarchy where people may not be comfortable complaining to their superiors but the robot can
reflect their voice.
“Like if he [the other member] was my superior, there might be things that I would want
to tell him that maybe the robot can pick up on. if like the robot realizes that like I'm only
saying one or two sentences and he's saying a paragraph, I'll be like, do you have any more
thoughts?”
These comments reflect a phenomenon similar to the Displacement of Emotions in psychology
[65] introduced by Freud. Displacement is known as a defense mechanism ‘in which people tend
to transfer their negative feelings from the original source of the emotion to a less powerful person
or object.’ A common example of displaced behaviors is when people feel angry but cannot direct
that anger toward the original ‘source of their frustration, they transfer those feelings to someone
or something else.’ My findings show that a similar pattern could happen in a meeting where the
robot is present. Inspired by this mechanism I suggest that the robot could be intentionally designed
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in a way to play the role of the less threatening third object to which people can transfer their
negative impulses.

8.2.6 Robot’s Errors; The impact, Group tolerance, and Repair Strategies
Similar to any multimodal, computational system, a group facilitation system is not immune to
errors and mistakes. The errors may be caused by a minor or major malfunction in any sub-modules
of the system from the input device, to speech recognition, to response matching, to the text to
speech process, to the output device. Yet, certain features of a group facilitation system made us
hypothesize that the performance of such a system and people's perception of it could be more
sensitive to potential errors. First, a group facilitation system needs to support a live meeting in
real-time and be able to respond immediately to changes and requests in a dynamic environment
in which errors may have a domino effect. Second, the group nature of the context in which these
systems are used may provoke different perceptions of the robot's errors compared to individual
human-computer interaction.
Given the dynamics and challenges inherent in a group decision-making meeting, I sought to
understand how participants feel about the robot's error in the interviews.
A couple of user study groups reported some errors in the interaction mainly pointing to the robot’s
listening and understanding capabilities, repeating and interruptions. One group for example said:
“it seems that there is a little discrepancy with what we were saying and what it was feeding back
to us.”. As a repair strategy to limit the consequences of such errors, several groups suggested
providing “confirmation and summary” by the robot. The study participants also reflected on the
importance of having a transparent and clear decision-making process for the robot. For example,
if the group facilitation program is eliminating an option, it should make sure to clearly describe
what it is going to do and the reason behind it.
Our participants deeply discussed the group tolerance towards the robot mistakes depending on
the meeting type, and the error type. For example, about the errors in different types of meetings
group 1 said:
“Well, I think it would be different if it was an internal meeting with just people in our
company versus if it was a client meeting. Like if we were using these with our external
clients and then it got the client's name wrong. Um, I think that would be more frowned
upon than if it was just a casual internal meeting where we were trying to just decide on
something”
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Similarly, the focus group participants compared group tolerance towards the errors in a serious
and urgent group decision making with stakeholders in a company to a less formal meeting with
peers who may have more patience for a new technology.
Regarding different types of errors, participants felt ‘voice recognition’ mistakes and ‘robot’s
delays’ (either in understanding or responding) are the most frustrating errors that could cause
‘missing points and getting off track’, while they found interruption less annoying in a group
decision-making sessions. They also talked about errors with practical consequences, for example
an error in disagreement detection, or an error in detecting the option under discussion in a live
conversation, may result in non-reversible wrong tasks by the robot with a high cost for the group.
Several participants pointed out the necessity of having a repair strategy. As a potential
workaround, one group suggested the robot to support commands like ‘go back’, skip, or ‘rewind’.
Comparing the errors and robot’s malfunctions in a group interaction versus an individual
interaction with a robot, participants found it is a ‘obviously that's bigger issue’ in one on one,
because in a group ‘the natural instinct is to just turn it off and just deal with the group’. In the
same time, they pointed to the importance of the individuals’ collective self-esteem [122] in front
of the group and the high cost of impairing it.

8.2.6.1 Building Trust over Time
Establishing trust in an automated robot is essential for effective human-robot collaboration[40].
Trust in a robot is particularly important when its tasks do not have immediate visible traces, and
a human user should rely on trust to continue an interaction. When talking about using the robot
in real group meetings, the focus group participants explained how they would develop trust over
time to any technology including this group facilitation robot. For example, P6 mentioned the
common failures people experience in using even a simple voice recorder. He then explained how
people would need to inspect a new technology-driven device like a robot, and have trial and error
to build a trust over time:
“It would take a while for me to feel comfortable with like asking the robot to take notes
for me without somebody else. Also taking notes or myself take notes to kind of compare to
see if it's like, if it's helpful for me, if it's the same kind of way that I would do it..”
Overall participants’ comments about the robot’s errors in the group facilitator role and their
tolerance towards it, show that the groups sensitivity to such errors may vary depending on the
meeting type, meeting phase, and error type. In certain cases, the time and energy cost of repairing
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a mistake may be more than the cost of leaving it unrecovered. The group facilitation system
should have a program to prioritize error handling methods in different scenarios to provide a
flexible and adjustable repair strategy. For example, P5 in the focus group described a scenario in
an important company meeting where ‘some people speak very softly’ and the robot cannot hear
them, and asks them to repeat or talk louder. P5 added:
“ It's like that kind of disrupts the meeting more than it's worth because other people might
be able to hear it or, or she could say, do you mind speaking up? And that kind of helps all
the peppers. So it's all about the, in my opinion of how they do it. Not embarrassing
somebody but trying to be constructive.”

8.3 Discussion
My primary objective in this chapter was to investigate the right design for and issues around a
conversational interface -- such as a social robot -- for group meeting facilitation. Building upon
prior work in organization management sciences I proposed an initial prototype for a group
facilitation robot that provides interventions to manage the meeting structure and time, balance
participation, and manage intragroup conflicts. I conducted interviews with user study participants
and a focus group to explore people’s perception of and expectation from such technology in their
group meeting.
My findings characterize the ways in which a social robot can benefit a group meeting, and how it
can help with dominance and disagreements in groups. The findings particularly shed a light on
the role that a social robot could play, and the complex aspects of human-robot relationship in a
group decision-making meeting.

8.3.1 Robot’s Role in Group Meetings - One Role Does Not Fit All
An important research question I sought to answer in this study was to find out what role the robot
should represent in a work group and what people would expect from it. My findings provide a
clear answer; there is no single role fitting all groups. Although my participants saw great value in
having a facilitation robot in group meetings, they did not converge on one best task for the robot.
There is not a single ideal role or task for the robot as the group facilitator. Depending on the
meeting type, the group hierarchy, the task, the time, and the group size, each group may expect
the robot to provide certain types of facilitation.
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The same is true about disagreement management. Previous research has suggested that handling
a disagreement is related to the meeting type, the relational background among participants, the
goal of the meeting, the hierarchy of the meeting, etc. [5]. The specific context and power
dynamics of a meeting affect if not determine the way in which opposing views are expressed and
should be managed. Thus, different groups may prefer to set particular rules and standards for the
disagreement management interventions delivered by the robot.
Moreover, the robot's role in the meeting very much depends to the knowledge and information it
has about the meeting task. If the robot cannot provide any further information, or solution,
expectations from it may be limited to documentation assistance. However, by providing
information, it will be seen as an expert (or superior role) that people look up to and assign more
intelligence to it.
I suggest designing a robot with programmable roles and services, which any team can adjust based
on its needs. Enabling groups to pick their desired features from a defined range of options would
create more flexibility in using the robot, yet does enforce a structure to meetings. For example,
even in a single group, people may have different ideas about the time allocation or the robot’s
level of involvement, but selecting a facilitation plan (from multiple options) would impose some
regulations, without feeling mandatory.

8.3.2 Human - Robot Relationship
Individuals build a relationship with a robot and learn from its behaviors overtime. Consequently,
robots’ malfunctions in any interaction could create a bad reputation, and its smooth performance
may create higher expectations [173]. In the group facilitation context, it is critical that the robot
maintain its neutrality. A negative implication of forming a relationship history between a human
and a robot is that it can cause a human to associate a bias to the robot after a single interaction in
which the robot makes a mistake or disagree with him/her. For example, if the robot does not
recognize one’s voice twice in a meeting or ignore one’s idea by mistake, that person may associate
intentions to robot’s behaviors over time or even self-doubt her/his abilities in a meeting.
Individuals need to feel safe and comfortable to express their thoughts in a group. Thus,
maintaining a positive human-robot relationship in a group is extremely important because a
negative feeling towards the robot would impair one’s teamwork skills and feelings towards the
group.
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I suggest that social facilitation of the robot can downplay the ripple effect of robot’s malfunctions
over time. Greeting and short social chat are good ways to create a positive vibe in the meeting.
Providing personalized touches to each individual (e.g., calling them by names) can also be helpful
in maintaining a warm and neutral image in the group.

8.4 Conclusion
I designed and developed a group facilitation robot that could provide interventions to manage
disagreements and conflicts in a group meeting. I conducted semi-structured interviews with 13
dyads following their interaction with the robot, as well as a focus group with 7 participants, to
evaluate the robot’s performance and identify opportunities for improvement. The findings shed
light on the right design and desired functions of a group facilitation robot in the workplace.
Results also characterize different roles a conversational robot can take in a group meeting
depending on the type of the meeting, the group dynamic and the group hierarchy. I discuss
implications for design of a group facilitation robot, and how my findings challenge existing social
robots at the workplace.
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Chapter 9: CONCLUSION
Conducting productive group decision-making meetings while maintaining members' satisfaction
is not easy. Group meetings are a prevalent form of gathering in the workplace to make decisions
collaboratively. In fact estimates suggest that, on average, about a third of an employees' time is
spent in these meetings. However, many of these meetings are not productive, resulting in wasting
a considerable amount of time and money in organizations. Research in Management Science has
identified the leading causes affecting the meeting efficiency as: deviating from the agenda, going
off-topic, dominance of individuals (imbalance in participation), and intragroup conflict.
The same body of research has demonstrated that placing an individual in the role of a group
facilitator can significantly improve meeting performance by alleviating the effects of the
challenges mentioned above. However, the high cost of hiring a human facilitator, besides other
logistic barriers, prevent many groups from employing one.
In my dissertation, I proposed an alternative approach for group meeting facilitation, and I
hypothesize that it could mitigate the effects of many of these challenges. The core idea of this
dissertation is to employ a conversational system (e.g., a virtual agent or a robot) to facilitate a
group decision-making meeting by simulating some of the tasks of a human facilitator. It is
important to note that this system never seeks to replace a human facilitator but to replicate some
of his/her tasks when a human facilitator is not available—which is very likely as suggested by
estimates. Building upon previous work that used robots and agents as peers in multiparty
interactions, I developed a Group Facilitation Robot that can wisely guide a group to have a
productive and efficient discussion by providing real-time interventions. To alleviate the common
challenges in group meetings, the group facilitation robot seeks to manage the structure of a
meeting, help manage the time, balance the members' participation in group discussions, and
manage disagreements among group members.

9.1 Contribution
In this dissertation, I developed a framework that enables a conversational system to take the role
of a group facilitator in a face-to-face group decision-making session (described in Chapter 3).
Through an incremental development process, I developed three prototypes of group facilitation
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conversational agents, and conducted a series of user studies and focus groups to evaluate the
effectiveness of such agents in improving people's group meeting experiences and managing
multiparty interactions.
Inspired by prior work in group facilitation and group decision support systems, I first presented a
framework for an automated group facilitation system. This initial framework declared the
different modules a group facilitation system would need and the communication that would be
required between these modules. In the framework, I also defined specific types of facilitation that
the system could provide as well as when to offer them in the group meeting life cycle.
In order to assess the acceptance of a CA in a decision-making meeting and explore how it should
be embodied, in my first study, I addressed a fundamental question: "Does a conversational agent
need a face to interact with a group?". I designed a Wizard of Oz experiment to evaluate the
initial framework and explore the right embodiment for the group facilitation system. Results of
that study highlighted the benefits of a human-like embodiment for the group facilitation agent to
improve the perceived trust, rapport, and power of the agent. Qualitative findings also confirmed
the feasibility of using a conversational agent as a group facilitator. Participants greatly appreciated
the interventions provided by the agent and found them helpful in their group decision-making
session. Furthermore, they requested more informational support from the group facilitator and
commented on the importance of the unbiased nature of the agent. They found the unbiased and
warm behavior of the agent could be an ‘affective catalyst’ to improve the social dynamics in a
group. Findings of this study address my RQ0 and RQ2 regarding the feasibility and the suitable
embodiment for a virtual group facilitator.
Next, I developed a fully automated group facilitation system that used multimodal sensor inputs
(e.g., user gaze, speech, prosody, and proxemics), as well as inputs from a tablet application to
intelligently guide a group decision-making meeting by providing real-time instructions. Results
of a between-subject study of 20 user groups showed that the automated robot facilitator was
accepted by group members and effective in enforcing meeting structure and balancing group
participation (RQ3). My results also demonstrated that participants followed the robot’s
instructions during the meeting (RQ4).
I then decided to further focus on specific challenges that can arise in a group meeting and study
how a group facilitation robot could handle those. I turned my attention to a common problem in
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meetings: conflict. I first sought to determine if conflicts could be automatically identified during
a group discussion. I developed a machine learning model to detect disagreements in group
conversations based on the verbal communication among members (language features of the
utterances). I then extended the meeting facilitation robot to provide specific decision-making
facilitation including conflict management interventions and informational support in a group
decision-making meeting. Inspired by the group behavioral sciences, I designed a series of
interventions to manage disagreements among group members, and I developed a prototype of the
group facilitation robot that provide disagreement management interventions in addition to taskrelated information, and general meeting facilitation. I evaluated this prototype in a betweensubject study. The quantitative results indicated that meeting participants followed the robot’s
advice when conflicts arose. However, there was insufficient evidence to indicate that these
interventions were effective at increasing satisfaction. The qualitative findings were illuminating
and should be beneficial to inform future designs of such systems. Participants greatly appreciated
the disagreement management interventions by the robot and found specific features of the robot,
such as its unbiased character, benefit its role as a group facilitator (RQ5). The qualitative analysis
also shed light on what role the robot should play in different types of group meetings, what people
expect from it, and to what extent it should be involved in the decision-making process. My
findings also highlight the complex dynamics amongst members in groups with a hierarchy. The
findings also indicated that participants had differences in their desired disagreement management
processes and ideas regarding how a robot could be effective in addressing them.
This work contributes insights into the design of conversational robots and agents for group
decision-making facilitation, informs efforts to support design practices in this space, and
identifies opportunities for future research on social robots in group settings at the workplace. I
also provide a design framework and discuss how it can be used for creating user-centered
facilitation robots for group facilitation.

9.2 Design Guidelines and Lessons Learned
Here I describe overall lessons learned from developing and evaluating three group facilitation
agents. I use the lessons learned from conducting three user studies alongside with many interviews
and focus groups, to describe considerations that must be made when designing a social robot to
interact with information workers at the workplace and facilitate group meetings. I also discuss
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what existing features in the prototype show promise within this context, which need to be
rethought to meet the needs of different groups, and open questions that require exploration
through further empirical research.

9.2.1 Make the Facilitator Tailorable to the Situation
Groups are as diverse as individuals. Each group has its own needs and dynamics based on specific
features such as group tasks, meeting type, group size, and group hierarchy, and the responsibility
and personality of its members. Even for a given group, the requirements and dynamics may vary
from time to time. Consequently, different group meetings require different facilitators. Thus,
designing one facilitation robot that works optimally for all groups is impossible. A group
facilitation robot may need to represent different roles and provide different features to different
groups. It needs to be designed with flexible options that each group can tune based on their needs.
The participants clearly conveyed that they would want ‘One type for each type of meeting’ when
asked about their ideal robot’s role. Although group meetings may have countless differences,
various types of group styles can be categorized into fewer classes based on the same features that
cause the variation (e.g., group task, size, hierarchy, formality, etc.). Therefore, designers can
define a limited number of adjustable options for each feature (e.g., level of involvement, proactive
vs. passive, equal vs. dynamic time allocation). I thus suggest that a group facilitation system
should be designed with programmable roles and features and enable groups to choose the group
facilitation type and level based on their meeting. Indeed, research is needed to examine what types
of features are more and less effective at covering different groups’ demands.

9.2.2 Provide More Informational Support
Most of participants commented on the importance of access to information during their decisionmaking tasks. Many of them were looking for informational support and the robot’s ‘ability to
search for information’. When talking about experiences of group decision-making, they recalled
moments during a meeting when they needed a piece of information to act on, either to resolve a
disagreement or to make a decision. They envisioned a significant potential in a robot that
facilitates their access to information. They would expect a robot to be able to query information
about the group meeting task and respond to their questions when they request more information.
Comprehensive informational support by the robot requires it to have access to knowledge about
the meeting task. A group facilitation robot also needs to know the discussion context to limit its
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online search space when people ask questions during a meeting, and it does not have the answer
in its local core knowledge. Adding natural language understanding capabilities could result in
great improvement for on-demand and real-time informational support by a facilitation robot.

9.2.3 Provide Logistic and Administrative Facilitation
Any group meeting requires logistical arrangements [56]. Someone needs to reserve a room, check
the equipment, order refreshments, prepare notes, find available times and schedule the meeting,
send calendar invitations, and so on. Surprisingly, these seemingly simple tasks can take a lot of
time and energy. Our focus group participants, who all were experienced employees, expressed a
strong desire to have a robot that can provide this logistic facilitation. Going beyond logistical
assistance, they also requested administrative and documentation assistance. They would like the
robot to help the group in tasks such as taking notes, summarizing the meeting, preparing a report,
and identifying the next steps. They saw great value in a robot that can support groups in logistic
and administrative preparation, as they believed planning and arrangements before and after a
meeting could be as important and effective as the facilitation during a meeting. Hearing their
needs lead me to picture the Maslow’s Hierarchy of Needs for Group Meetings (Figure 14) with
logistic and administrative as the basic needs of the group. The literature on group decision support
systems (GDSS) reflects a similar taxonomy, by identifying information services, documentation
services, and mediation services as three classes of required services in a GDSS [105].
Figure 13. Maslow’s Hierarchy of Needs for Group Meetings

DecisionMaking
Needs
Meeting Needs
Administrative
(Documenting) Needs
Logistic (Scheduling) Needs
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Our current prototype does not explicitly provide any logistic or administrative facilitation.
However, given state-of-the-art technology and the existing integrated enterprise packages for IT
services, incorporating these types of facilitation into a meeting facilitation system is quite feasible.
More empirical research is needed to systematically explore more comprehensive group
facilitation systems while supporting the various needs of a group.

9.2.4 Visual Aid, Clarity and Structure: A Holistic Approach for Disagreement
Management
Often, disagreements can be rooted in factors that are not apparent in the first place. As identified
by Bercovitch, communicational (conflicts arising from misunderstandings, etc.) and structural
(conflicts related to organizational roles) factors are two of the factors that serve as sources of
conflict besides personal differences of people [12]. Considering the impact of communication and
structural factors, a group support system should aim to eliminate the effects of the root factors as
much as possible. This requires providing a clear meeting climate, a structured meeting process,
and an easy to use medium to access and share information.
As I showed in section 7.6.4, different functions that my current group facilitation system provides,
such as promoting active listening, encouraging balanced participation, and enforcing a meeting
structure, already help groups dealing with disagreements. Yet, managing disagreements by the
robot can be further improved by focusing on informational support and providing a clear
visualization of opinions during a discussion. In line with findings of previous GDSS research
regarding providing features to remove communication barriers [53], my participants requested
the information, and pros and cons of options to be displayed on a shared screen. Adding such
features besides the specific disagreement management interventions can further enhance the
system performance in handling conflicts in a meeting.

9.2.5 A Framework for Social Robots as Meeting Facilitators
Thus far, much of my discussion has centered on ways to improve a group facilitation system
based on groups’ needs. Continuing this thread of discussion, here I propose a series of design
guidelines on how a group facilitation system can be designed to provide supports for groups whilst
not introducing additional burdens given the already challenging group dynamics.
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Findings of my studies, echoed the discussion in previous work on Group Decision Support System
(GDSS) regarding the three levels of GDSSs. As reviewed in chapter 2, DeSanctics and Gallupe
[53] proposed a taxonomy of three levels of GDSSs. Level 1 GDSSs provide technical features
aimed at removing communication barriers, such as large displays for sharing ideas and
anonymous input. Level 2 GDSSs provide decision modeling techniques aimed at reducing
uncertainty in group decision processes, often with automated planning and analytical tools. Level
3 GDSSs are characterized by machine- induced communication patterns with formalized
procedural rules (e.g., parliamentary procedure).
Qualitative findings of my last study indicated the importance of Level 1 GDSS features such as
facilitating scheduling a meeting, and sharing information during a meeting, beside Level 2
features.
Figure 15 shows a summary of lessons learned and guidelines for future research on group
facilitation robots.

Figure 15. On overview of lessons learnt and my proposed design guidelines based on findings of my studies
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9.3 Limitations
The experiments described in my dissertation have several important limitations beyond the small
convenience samples of study subjects who participated in the studies.
In order to isolate factors that I wanted to study experimentally, the settings and tasks were very
controlled, and thus may lack ecological validity. My task focused on collaborative decisionmaking and is similar to real-world problems in a variety of application domains including
selecting conference papers, making funding decisions for research or investment portfolios, and
accepting students to academic programs. However, unlike many real-world scenarios my task
was short enough to be completed within a single session without pre-work done individually
before the meeting.
Another major limitation of my experimental setting is the group size. To simplify the design
process of the robot as an initial prototype I only studied groups with 2 participants which is the
minimum possible group size. However, in real-world workplaces, on average between 7-15
people attend in most group meetings [164]. Moreover, in a real-world setting group members
typically know each other and have a collaboration history in most cases, while in my studies I
only recruited participants who did not know each other to minimize error variance.

9.4 Future Work
Although estimates by a survey suggest that most oral communications are dyadic at the workplace
[152], other studies have found that the average meeting size is between 7 to 9 people [164]. An
immediate next step to expand my research is to modify the developments and adjust interventions
to be suitable for groups with more people. The rules and procedures in my framework are defined
in a way to support larger groups. However, more empirical research is needed to test the system
performance in larger groups, and examine how group dynamics and interactions in larger groups
would respond to a group facilitation robot. I foresee significant modifications would be necessary
to adjust the intervention timing and the robot’s contributions to maximize meeting efficiency.
There is no doubt that a robot that understands the discussion and knows the context is more
capable of providing relevant and effective interventions. In my system, I used basic approaches
to natural language understanding (NLU), such as keyword detection, to make the robot understand
the context. However, much more could be done to enable the robot to understand and grasp the
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intentions in a group conversation. Identifying the decision option that is being discussed at each
moment, the final decision about each item, and the topic of a disagreement statement, are a few
of many important functions that can be further improved using more sophisticated NLU
techniques.
Given the prevalence of online group meetings in the post-COVID workplace, I envision that
providing automated group facilitation services in online meetings holds great promise for
enhancing group performance and satisfaction. Even though the physical presence of a robot will
be missed in an online setting, the access to sensor data such as gaze and voice is much easier. In
addition, online meetings can be leveraged to facilitate, enhance and expedite capturing meeting
data (the first layer of my group facilitation framework [Figure 2]), which could result in more
accurate and appropriate interventions.
Regarding automated conflict management, my work was a first step towards demonstrating the
feasibility of using a robotic system to manage conflict in a formal setting such workplace
meetings. Yet many steps could be taken to improve the performance and efficiency of these
interventions. Looking at how human facilitators approached conflicts leads us to see the next
steps to improve conflict management interventions by a robot. A potential next step is to classify
interventions based on the level of disagreement. Another suggestion is to first identify the desired
level of assertiveness and cooperativeness of each participants and then provide interventions to
one of the five conflict modes introduced in Thomas and Kilmann conflict handling model
(avoiding, accommodating, compromising, competing, and collaborating) [182].
Since expressed emotions are good indicators of argumentation status [97, 174], detecting
emotions and involving them in the disagreement detection module could greatly improve conflict
management interventions. A robot that is aware of meeting participants’ emotional states and can
effectively integrate this knowledge into its intervention could adjust its tone, attention, and nonverbal behavior resulting in a higher degree of user satisfaction.
Last but not least, in dispute resolution, a recommended approach by dispute managers is to
communicate with each party separately [72]. The strength of this approach lies in the fact that it
helps an individual to concentrate on his/her situation, needs, and alternatives without the fear of
being judged in front of a group. A third-party consultant “remains detached from an individual,
but his intervention, listening, probing, interviewing and explicit confrontation of the conflict
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issues, sets the basis for self-diagnosis and improved performance.” [12]. A computer-supported
group facilitation system could manage private communication with each individual via electronic
messaging, and let them see the unnoticed aspects of an alternative in an unbiased manner.
Research is certainly needed to examine the feasibility of this approach.
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Appendix A: Study Questionnaires
Sociodemographic Questionnaire
Please take a moment and answer a few questions about yourself:
Date of Birth: _________
Gender: M / F / Prefer to self-describe_______________________________
Ethnic Background (check all that apply):
American Indian or Alaskan Native

____

Asian

____

Native Hawaiian or other Pacific Islander

____

Black or African American

____

White

____

Hispanic or Latino

____

Prefer to self-describe

__________________________________

Last grade of school completed (check one):
Less than high school (0-8)

____

Some high school

____

High school graduate or GED ____
Technical school education

____

Some college

____

College graduate

____

Advanced degree

____

Occupation: ___________________________________________
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How often do you read books (check one):
Never

____

Less than once a week

____

Once a week

____

A few times a week

____

Every day

____

How much experience do you have with computers (check one):
I’ve never used one.

____

I’ve tried one a few times.

____

I use one regularly.

____

I’m an expert.

____

How much experience do you have with robots (check one):
I’ve never used one.

____

I’ve tried one a few times.

____

I use one regularly.

____

I’m an expert.

____

How much experience do you have with conversational agents (e.g., Siri, Alexa, Google
home) (check one):
I’ve never used one.

____

I’ve tried one a few times.

____

I use one regularly.

____
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I’m an expert.

____

How do you feel about using computers (check one):
I don’t like them.

____

They’re OK.

____

They can be useful.

____

I love playing with them.

____

How much experience do you have attending meetings in order to arrive at a group consensus
on a decision (group decision making)?
I’ve never been in a group decision-making meeting.
I’ve been in group decision-making meetings a few times

____
____

I regularly attend group decision-making meetings as a participant
I regularly lead group decision-making meetings

____

____
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Ten-Item Personality Inventory-(TIPI)
Here are a number of personality traits that may or may not apply to you. Please write a number
next to each statement to indicate the extent to which you agree or disagree with that statement.
You should rate the extent to which the pair of traits applies to you, even if one characteristic
applies more strongly than the other.
Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a
little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

I see myself as:
1. _____ Extraverted, enthusiastic.
2. _____ Critical, quarrelsome.
3. _____ Dependable, self-disciplined.
4. _____ Anxious, easily upset.
5. _____ Open to new experiences, complex.
6. _____ Reserved, quiet.
7. _____ Sympathetic, warm.
8. _____ Disorganized, careless.
9. _____ Calm, emotionally stable.
10. _____ Conventional, uncreative.

TIPI scale scoring (‘‘R’’ denotes reverse-scored items): Extraversion: 1, 6R; Agreeableness: 2R, 7;
Conscientiousness; 3, 8R; Emotional Stability: 4R, 9; Openness to Experiences: 5, 10R
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Leadership skills questionnaire
Directions 1. Place yourself in the role of a leader when responding to this questionnaire.
2. Respond to each of the statements below using the following scale:
Not true

Seldom
true

Occasionally
true

Somewhat
true

Very true

1

2

3

4

5

1. I am effective with the detailed aspects of my work.
2. I usually know ahead of time how people will respond to a new idea or proposal.
3. I am effective at problem solving.
4. Understanding the social fabric of the organization is important to me.
5. When problems arise, I immediately address them.
6. Managing people and resources is one of my strengths.
7. I am able to sense the emotional undercurrents in my group.
8. Seeing the big picture comes easily for me.
9. In my work, I enjoy responding to people’s requests and concerns.
10. I use my emotional energy to motivate others.
11. The key to successful conflict resolution is respecting my opponent.
12. I enjoy discussing organizational values and philosophy.
13. I am effective at obtaining resources to support our programs.
14. I work hard to find consensus in conflict situations.
15. I am flexible about making changes in our organization.
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Feelings Towards Group Work
This questionnaire contains a number of statements about how you might feel about working in
groups. If you feel the statement is very true of you, circle the “5”. If you feel the statement is not
true of you at all, circle the “1” If you feel the statement is partly true of you, circle the “2”, “3” or
“4”. Remember that there are no right or wrong answers. Please respond to all statements.
Never true
of me

Seldom
true

Occasionally
true

Somewhat
true

Always
true of me

1

2

3

4

5

1. I enjoy working within a group (I) *
2. I sometimes feel nervous when I have to give my ideas or communicate within a group (D)
3. I often find it difficult to understand what the group task is (D)
4. I like to work alone even when placed in a group (I)
5. I think groups should take the time to set up group goals
6. I prefer to work within a group rather than work alone (I) *
7. Even when the group is achieving its goals, I don’t really feel involved or satisfied
8. I often have a strong feeling satisfaction when I become totally involved in a group achievement
(G)
9. I don’t like it when one member of the group takes over from everyone else
10. Groups should organize themselves so that the work is divided evenly
11. I usually make a strong personal contribution to group work (G)
12. I like group work more when we can make up our own groups (G).
13. Contributing ideas within a group often makes me feel better about myself
14. I can usually understand other group members’ ideas (G)
15. Even when groups are well organized, I don’t believe they are a more effective way of using
time (I)
16. It is best when each person helps each other within a group (G)
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17. I often think the work becomes too confusing when done in a group rather than individually
(I)
28. I rarely feel relaxed within a group (D)
19. I sometimes feel let down by other group members (I)
20. I often feel in charge when working within a group
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SAM Scales
The participants self-reported their momentary feelings of pleasure (valance), arousal and
dominance using a validated 9-point pictorial rating scale (the Self-Assessment Manikin or SAM:
Bradley & Lang, 1994)
Direction: Please place an ‘x’ over any of the five figures in each scale, or between any two figures.
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Positive and Negative Affect Schedule (PANAS)
This scale consists of a number of words that describe different feelings and emotions. Read each
item and then select the appropriate answer from the list below. Indicate to what extent you feel
this way right now, that is, at the present moment.

NOTE: Pick one of the following and write to the right of each word:

very
slightly or
not at all
1

a little

moderately

quite a bit

extremely

2

3

4

5

interested

irritable

distressed

alert

excited

ashamed

upset

inspired

strong

nervous

guilty

determined

scared

attentive

hostile

jittery

enthusiastic

active

proud

afraid
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Intra Group Conflict
Never

Rarely

Occasionally

Sometimes

Frequently

Usually

Always

1

2

3

4

5

6

7

Relationship conflict:
How frequently . . .
•
•
•
•

. . . was there friction among members on your team?
. . . were personality conflicts evident on your team?
. . . was there tension among members on your team?
. . . was there emotional conflict among members on your team?

Task conflict:
How frequently . . .
•
•
•

. . . did people on your team disagree regarding the work being done?
. . . were there conflicts about ideas on your team?
. . . were there differences of opinion on your team?

Conflict management:
To what extent do you agree with the following statements?
•
•
•
•

Conflict is dealt with openly on this team.
If conflict arises on this team, the people involved in the conflict initiate steps to resolve
the conflict immediately.
This team knows what to do when conflicts between team members arise.
This team is able to avoid the negative aspects of conflict before they occur.
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Cohesion, Performance, Efficiency and Dominance

Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a
little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

Cohesion: To what extent do you agree with the following statements?
•
•
•
•
•
•

Our team is united in trying to reach its goals for performance.
We all take responsibility for any loss or poor performance by our team.
Our team members communicate freely about each of our personal responsibilities in
getting this project done.
The members of this team help each other when working on our project.
The members of this team get along well together.
The members of this team stick together.

Satisfaction: To what extent do you agree with the following statements?
•
•
•

I am satisfied with our decision-making process in the meeting.
I am happy with our decision outcome.
I am pleased with the way my partner and I participated in the decision-making task.

Perceived performance:
Please indicate a score (out of 100) your group performance deserves to earn ________.
Perceived efficiency:
Please indicate a score (out of 100) your group efficiency deserves to earn ________.
Dominance:
• From 1 to 7, how would you rate your level of dominance in the group discussion you
just experienced ________.
• From 1 to 7, how would you rate your partner’s level of dominance in the group
discussion you just experienced ________.
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Automated Group Facilitator Evaluation Questionnaire 1
Please answer the following questions about the facilitation agent:

Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a
little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

1.
2.
3.
4.
5.

I am satisfied with the interaction with the facilitator.
I found it easy to interact with the facilitator.
I would use the facilitation agent again for group decision-making tasks.
I felt that I could trust the facilitation agent leaders during today's session.
I found the facilitation agent helpful for our decision-making process. [I am confident in the
group leaders' ability to help me.]
6. I found the facilitation agent knowledgeable.
7. I felt the facilitation agent was powerful and confident.
8. I felt the facilitation agent was friendly and warm toward me.
9. The facilitation agent was able to manage the discussion and interaction during the
meeting.
10. The facilitation agent attempted to manage the conflicts raised in the meeting.
11. The facilitation agent could effectively manage the disagreements between my partner
and I.
12. The facilitation agent assured that my partner and I have equal chance to express our
ideas.
13. The facilitator allowed sufficient discussion.
14. The facilitator encouraged participation
15. The facilitator helped bring out new group ideas.
16. The facilitator helped close out discussions.
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Automated Group Facilitator Evaluation Questionnaire 2

In this part, we ask you to report your general impression of the agent, by rating on pairs of
adjectives describing the agent. Please pay attention to the pair of adjectives in each question.

Adjective
A
1

Adjective
B
2

3

4

5

6

7

In general, I found the agent to be: *
Adjective A: Fake

Adjective B: Natural

Adjective A: Machine-like

Adjective B: Natural

Adjective A: Unconscious

Adjective B: Natural

Adjective A: Dislikable

Adjective B: Natural

Adjective A: Unfriendly

Adjective B: Natural

Adjective A: Unpleasant

Adjective B: Natural

Adjective A: Incompetent

Adjective B: Natural

Adjective A: Ignorant

Adjective B: Natural

Adjective A: Unintelligent

Adjective B: Natural

Adjective A: Weak

Adjective B: Natural

Adjective A: Submissive

Adjective B: Natural

Adjective A: Lacking confidence

Adjective B: Natural

Adjective A: Unreliable

Adjective B: Natural

Adjective A: Untrustworthy

Adjective B: Natural

Adjective A: Insincere

Adjective B: Natural
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Rapport with the Facilitation Agent
Please answer the following questions about the facilitation agent:

Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a
little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

1. The agent seemed engaged in our discussions.
2. I felt I had a connection with the agent.
3. I felt the agent and I understood each other.
4. I felt like the agent was NOT paying attention to what I said.
5. I felt the agent and I were working towards a common goal.
6. I made efforts to respond to the agent's questions and suggestions.
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Working Alliance Inventory (Short Form)
Instructions: On the following pages there are sentences that describe some of the different ways
a person might think or feel about his or her facilitator. As you read the sentences mentally insert
the name of your facilitator in place of _____________in the text.

Below each statement inside there is a seven-point scale:
1

2

Never

Rarely

3
Occasionally

4
Sometimes

5
Often

6
Very Often

7
Always

If the statement describes the way you always feel (or think) circle the number 7; if it never applies
to you circle the number 1. Use the numbers in between to describe the variations between these
extremes.
1._______________ and I agree about the steps to be taken to improve his/her situation.
2. The facilitator and I both feel confident about the usefulness of our current activity in therapy.
3.I believe _______________ likes me.
4.I have doubts about what we are trying to accomplish in the session.
5. I am confident in my ability to help _______________.
6. We are working towards mutually agreed upon goals.
7. I appreciate _______________ as a person.
8. We agree on what is important for _______________ to work on.
9._______________ and I have built a mutual trust.
10._______________ and I have different ideas on what his/her real problems are.
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11.We have established a good understanding between us of the kind of changes that would be good for
_______________.
12._______________ believes the way we are working with her/his problem is correct.
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Team/partner Evaluation Questionnaire (Satisfaction with the team)
Please indicate to what extent you agree with the following statements about your team and your
partner?
Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a
little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

1. I am satisfied with my team members.
2. I am pleased with the way my team members and I worked together.
3. I am very satisfied with working in this team.
4. I found it pleasant interacting with my partner.
5. I liked my partner.
6. I found my partner and I shared many similarities.
7. My partner seemed engaged in our discussions.
8. I felt my partner and I understood each other.
9. I felt like my partner was NOT paying attention to what I said.
10. I felt my partner and I were working towards a common goal.
11. I made efforts to respond to my partner's questions and suggestions.
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Meeting Evaluation Questionnaire
Please indicate to what extent you agree with the following statements about your group decisionmaking meeting?
Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a
little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

2. I found the decision-making task to be difficult.
3. I am NOT happy with the result of our discussions.
4. I found my partner and I worked together successfully.
5. We achieved the planned objectives of the meeting.
6. In general, I liked our discussions for the decision.
7. I found it difficult to bring my ideas into the discussion.
8. I found we reached a decision efficiently.
9. My partner and I were given equal time to express our ideas.
10. The meeting time was managed wisely.
11. The meeting was well-planned.
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Semi structured interview questions
1. What were your overall impressions of the study?
2. How did you feel about the facilitation agent?
3. Do you feel she was helpful in:
a. Improving the meeting structure?
b. Managing conflicts?
c. Reducing your biases?
4. How would you describe the group decision making process and
experience?
5. What was the best thing about the facilitation agent you noticed?
6. What were the worst things the facilitation agent you noticed?
7. Do you have any suggestions to improve this system?
8. Would you use the automated group facilitation system in the future?
9. Would you recommend using automated group facilitation system to your
friends?
10.Is there anything else you would like to add?
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Group Facilitation Robot Evaluation
Please answer the following questions about the facilitation agent:

Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a
little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

17. I am satisfied with the interaction with the robot facilitator.
18. I found it easy to interact with the robot facilitator.
19. I would use the facilitation robot again for group decision-making tasks.
20. I felt that I could trust the facilitation robot leaders during today's session.
21. I found the facilitation robot helpful for our decision-making process. [I am confident in the
robot facilitator's ability to help me.]
22. I found the facilitation robot knowledgeable.
23. I felt the facilitation robot was powerful and confident.
24. I felt the facilitation robot was friendly and warm toward me.
25. The facilitation robot was able to manage the discussion and interaction during the
meeting.
26. The facilitation robot attempted to manage the conflicts raised in the meeting.
27. The facilitation robot could effectively manage the disagreements between my partner
and I.
28. The facilitation robot assured that my partner and I have equal chance to express our
ideas.
29. The robot facilitator allowed sufficient discussion.
30. The robot facilitator encouraged participation
31. The robot facilitator helped bring out new group ideas.
32. The robot facilitator helped close out discussions.
33. The robot facilitator helped managing the meeting structure and the conversation flow.
34. The robot facilitator was effective in handling the disagreement between the members of
our group.
35. The robot facilitator was effective in balancing the participation of all members of the
group.
36. The facilitator was helpful in managing the time of the meeting.
37. The facilitator provided useful information about the alternative options.

182

Team Efficacy10
1. Achieving this team's goals is well within our reach.
2. This team can achieve its task without requiring us to put in unreasonable time or effort.
3. With focus and effort, this team can do anything we set out to accomplish.

Team psychological safety2
(7-point scale from "very inaccurate" to "very accurate.)

Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a
little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

1. If you make a mistake on this team, it is often held against you.
2. Members of this team are able to bring up problems and tough issues.
3. People on this team sometimes reject others for being different.
4. It is safe to take a risk on this team.
5. It is difficult to ask other members of this team for help.
6. No one on this team would deliberately act in a way that undermines my efforts.
7. Working with members of this team, my unique skills and talents are valued and utilized

Dominance:
•

10

From 1 to 7, how would you rate your level of dominance in the group discussion you just
experienced ________.

Edmondson, A., 1999. Psychological safety and learning behavior in work teams. Administrative

science quarterly, 44(2), pp.350-383.
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•

From 1 to 7, how would you rate your partner’s level of dominance in the group discussion
you just experienced ________.

(7-point Likert scale)
I feel all the group members collaborated equally to make the final decision.
I feel I was given the change to express all my ideas.

Conflict management:
My partners and I had (small) disagreement on the decision-making task but we could resolve
them smoothly.
The robot helped me and my partners to smoothly resolve our disagreements on the decisionmaking task.

Assessment of Contribution
(on scale of 1 - 100)
1. Please rate to what degree your teammate and the robot contributed to the decision
making in your team? (from 1 to 100)
• Your teammate contribution in the decision-making: ____________
• The robot (Sarah) contribution in the decision-making: ____________
2. Please rate to what degree your teammate and the robot contributed to the meeting
management (e.g. managing the structure and the time during the meeting) in your
team? (from 1 to 100)
• Your teammate contribution in the meeting management: ____________
• The robot (Sarah) contribution in the meeting management: ____________
3. Please rate to what degree the robot actively contributed to the conflict/disagreement
management in your team? (from 1 to 100)
• The robot (Sarah) contribution in the conflict management: ____________
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Task and Conflict recall
1. How many items did you discuss in your team in total? __________
2. How many times did you and your teammate have disagreements?
Step 1(pair comparison): _________

Step2(ranking): _________

3. How many times did you and your teammate have complete agreement?
Step 1(pair comparison): _________

Step2(ranking): _________

Attitude towards Team Conflict
Please indicate to what extent you agree with the following statements:

Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

1. I believe conflicts/disagreements among members of a group are totally acceptable.
_____
2. I believe conflicts/disagreements among members of a group are always manageable.
_____
3. I believe conflicts/disagreements among members of a group are always resolvable.
_____

185

Group Atmosphere
Please answer the following questions:
1. How much do you trust your fellow group members?
Not at all
1

Neutral
2

3

4

5

6

I completely
trust him/her
7

2. How comfortable do you feel delegating to your group members?
Not
comfortable at
all
1

Neutral
2

3

4

Comfortable
A lot
5

6

7

6

s/he was
100%
truthful and
honest
7

3. Were your group members truthful and honest?
Not at all

1

Neutral

2

3

4

5

4. How much do you respect your fellow group members?
Not at all
1

Neutral
2

3

4

Very much
5

6

7

5. How much do you respect the ideas of the people in your group?
Not at all
1

Neutral
2

3

4

Very much
5

6

7

6

I Like
him/her A
lot
7

6. How much do you like your group members?
Not at all
1

Neutral
2

3

4

5
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7. To what degree was communication in your group open?
Not open at
all
1

Neutral
2

3

4

5

Completely
open
7

6

8. To what degree was conflict dealt with openly in your work group?
Not at all
1

Neutral
2

3

4

5

6

Completely
openly
7

6

Very much
Cohesive
7

9. To what extent is your group cohesive?
Not at all
1

Neutral
2

3

4

5

10. How much do you feel like your team has group spirit?
Not at all
1

Neutral
2

3

Very much

4

5

6

7

11. To what degree would you consider this group as a great group to work in?
Not at all
1

Neutral
2

3

4

5

Very great
group (best)
7

6

Meeting Evaluation Questionnaire
Please indicate to what extent you agree with the following statements about your group decisionmaking meeting?
Disagree
strongly

Disagree
moderately

Disagree a
little

1

2

3

Neither
agree nor
disagree
4

Agree a
little

Agree
moderately

Agree
strongly

5

6

7
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1. This task took longer than expected to complete. _______
2. Our group worked well together. _______
3. Our group used its time wisely. _______
4. Our group struggled to work together efficiently on this task. _______
5. Overall, our group did a good job on this task. _______
6. I helped lead the group during this task. _______

Active Listening Attitude Scale (ALAS):
Please indicate the extent to which you agree with the following statements about
yourself and your teammate during the group activity you just had.
Disagree
strongly

Disagree
moderately

Disagree a
little

Neither
agree nor
disagree

Agree a
little

Agree
moderately

Agree
strongly

1

2

3

4

5

6

7

Statement about ME

Agreement
score

Agreement
score

Statement about my TEAMMATE

1-7

1-7

I listened to my teammate calmly, while he/she
was speaking.

My teammate listened to me calmly, while I
was speaking.

I listened to my teammate, putting myself in
his/her shoes.

My teammate listened to
herself/himself in my shoes.

I sometimes gave my teammate a brief
summary of what he/she has said.

My teammate sometimes gave me a brief
summary of what I have said.

I kept tracks of points my teammate made.

My teammate kept tracks of points I made.

me,

putting
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Sometimes I began to talk before my
teammate finishes talking.

My teammate sometimes began to talk before
I finish talking.

I assured my teammate that I was listening by

My teammate assured me that he/she was

using verbal acknowledgement.

listening by using verbal acknowledgement.

I assured my teammate that I was receptive to

My teammate assured me that he/she was

him/her ideas.

receptive to my ideas.

I showed my teammate that I was listening by

My teammate showed me that he/she was

my body language (e.g. head nods).

listening by his/her body language (e.g. head
nods).

I began arguing with the other person before I
know it, while I was listening to him/her.

My teammate began arguing with me before
he/she knows it, while he/she was listening to
me.

When I want to say something, I talk about it,
even if I interrupt the other person.

When my teammate wants to say something,
she/he talks about it, even if she/he interrupts
me.

I tended to deny the other person’s opinion,
when it’s different from mine.

My teammate tended to deny my opinion,
when it’s different from his/hers.

I tended to persist in my opinion, while talking
with my teammate.

My teammate tended to persist in his/her
opinion, while talking with me.
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Appendix B. Study Protocols
B. Study 2
SMALL GROUP DECISION MAKING FACILITATION
STUDY PROTOCOL
(1/8/2019)

1. [Randomize the group into one of 2 arms before starting. Set up the study room,
microphone on and on the table, Job descriptions on the table, Furhat is on. Run the
server. open questionnaire tabs on Firefox on tablets. PRINT consent and debriefing
forms. Prepare study money ]
2. [Give each group a unique ID. Use group’s unique ID as pre-fix to participant’s ID (e.g:
G01P1, for Group ID 1 Partner ID 1 for questionnaires)]

3. Thank you for coming in today to help us out with our research. Let me first just double
check that you are eligible. Are you both at least 21 years old? And able to speak and
read English? Have you two had some professional experience, including co-ops,
internships, or full-time employment? [If no, thank and dismiss, if yes continue.]
4. Let me tell you a little bit about what we will be doing in this study. We’re developing [a
robot/technologies] that will help small groups improve their performance, and meeting
quality during a group decision making task and we want to see how well our system
works. In this study we will be simulating a hiring decision making meeting. You will be
given a set of resumes and will be asked to review and discuss them to make a GROUP
decision and select the one best candidate collaboratively [robot: and a robot will be
supporting your meeting]. In addition to [talking to the robot/doing the group decision
making task], we will also ask you to fill out some questionnaires before and after
[talking to the robot/the meeting]. The study session today should take about one and half
hour and, at the end, you will be compensated $20 each. Does this sound like something
you are still interested in? [If yes, continue, if no, dismiss]
5. Ok. Great. Now the first thing to do will be reading and signing the consent form. I will
explain it to you and you can take as much time as you want to read it, and then ask any
questions you may have. [Administer informed consent]
a. 21 years old, speak and read English
b. Explanation (you already said this)
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c. Takes one session, about 1.5 hour.
d. No risks, can skip any question on a questionnaire you’re not comfortable with
e. Information is confidential (stored in locked cabinet, locked room), nothing linked to
your name
f. STUDY IS COMPLETELY VOLUNTARY, stop any time
g. $20 for completing study
h. Do you have any further questions?

6. Now, I would like you to fill out several questionnaires
7. Here are the questionnaires. Some of these provide background information about
yourself. Some ask you questions about your group behaviors and how you are feeling
right now. [Hand participants tablets with the pre questionnaires window open (firefox
browser): Socio-Demographic + Personality Inventory (TIPI), + Leadership Skills, +
Feeling towards group work, + Self-Assessment Manikin (SAM), + Positive And Negative
Affect Schedule (PANAS)]

8. Now I would like to tell you a little about the application you will be using in this study
[Run the server and show the web application on the chrome browser]. Here is the
web application that you will be using in this session. First each of you need to login with
your name, your id and your group id [remind participants where they can find their id and
group id]. You will use the app to review the resumes, rank them and discuss them. You
will be given a job description printed on a paper and when the session starts, [robot: at
certain points the robot will tell you to] use the application to review the resumes
individually and rank them, so you use the app to do so [show them the initial ranking page,
tap on a resume, show arrows and show the submit button and the confidence question,
give them a minute to try it themselves]. In addition to your individual rating, when you
start discussing the candidates together to make a group decision, the robot will ask you to
use the application during your decision-making process, to indicate which candidate you
are discussing and your decision. Most of your actions will be mirrored in your team-mate
tablet [show the discussion page, tap on a resume, tap on discuss button, show eliminate
and keep button, make sure they understand and give them 1-2 minutes to try].
9. [When they are done. Turn on the videotape, Re-run the server, run the Furhat
program (only for robot condition), and login the participants] Now I turn on the
cameras and I am going to take you to the study room.
10. [Go to the other room. Ask them not to sit on the chairs until you introduce the agent.]
11. a) For robot: Ok, Here is our robot named Sarah. Like I said earlier, this robot will
moderate/facilitate your hiring decision-making process in this session. It will give you
instructions and guide you through different steps. When I start the robot, the robot will
listen, talk to you and you can answer to the robot almost like the way you would talk to a
human. There may be some delays time to time for her to understand your word.
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b) For control: Ok, now we can get started. Here are some instructions for your decisionmaking process [Hand them the written instruction paper]. Like I said earlier, you will
review the resumes individually first and then discuss together to select one best candidate.
When you make a decision, you use the application again to enter your final individual
rating again. You have about 30 minutes for this session. You can start now, and I will
come back to the room in 30 minutes.
The whole session will be videotaped. If either of you becomes uncomfortable during the
session, you may stop the session. Also, I will be monitoring the session from another room.
If a health or safety concern arises, let me know and I will immediately call for the
appropriate help.

12. Now I login you to in the application before you sit.
13. [Guide each participant to seat on their seat (participant ID 1 seats first and participant ID
2 seats after him/her.) Tell them they first need to stand until Furhat turns to them and
nod her head. Then they can seat.]
14. [Start the program from the third tablet (RA’s tablet). When furhat starts speaking,
step outside.]

15. a) For robot: [Robot Session terminates. Turn off the videotape. Re-enter the room, make
sure participants submitted the final voting]
b) For control: [After 30 minutes reenter the room. And turn off the videotape, make sure
participants submitted the final voting]

16. Great. Thank you so much for completing the group decision-making task. Now I just
need you to fill out a few more questionnaires. Let me take you back to the previous
room. [Hand in the tablet with the post questionnaires window open (on Firefox browser):
Self-Assessment Manikin (SAM), + Positive And Negative Affect Schedule (PANAS), +
Intra Group Conflict + Group Performance, + Team Evaluation, + Meeting Evaluation, +
For Robot condition: Group Facilitator Evaluation, + Rapport with robot, + Working
Alliance Inventory with robot].

17. Great. That concludes the computer portion of the study. Lastly, I would just like to ask
you a few questions about your experience using the system in your group decision
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making. Is it OK if I record the conversation? It is just so I can take detailed notes.
[Conduct semi-structured interview, use phone to record]
18. [Debrief participants (debrief statement)]
19. Alright, now if you just sign this payment receipt you will be on your way. Thank you
again for participating. [Pay participant $20 each, have them sign receipt]
20. [Save the Database data before running the server again]

B. Study 3
SMALL GROUP DECISION MAKING FACILITATION
STUDY PROTOCOL
(1/16/2020)

1. [Randomize the group into one of 2 arms before starting. Set up the study room,
microphone on and on the table, Task descriptions on the table, Furhat is on. Put the
participant names in the program. Run the program. Start the java app. Open
questionnaire tabs on Firefox on tablets. PRINT consent and debriefing forms.
Prepare the study money]
2. [Give each group a unique ID. Use group’s unique ID as pre-fix to participant’s ID
(e.g: G01P1, for Group ID 1 Partner ID 1 for questionnaires)]
3. Thank you for coming in today to help us out with our research. Let me first just double
check that you are eligible. Are you both at least 21 years old? And able to speak and read
English? Have you two had some professional experience, including co-ops, internships,
or full-time employment? [If no, thank and dismiss, if yes continue.]
4. Let me tell you a little bit about what we will be doing in this study. We’re developing
[some technologies including a robot-driven system] that will help small groups improve
their performance, and meeting quality during a group decision making task and we want
to see how well our system works [robot: The robot is especially designed to moderate
disagreements among the members of the group].
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In this study we will be simulating a “Winter Survival Exercise”. You will be asked to
imagine yourself in a hypothetical survival situation in which your plane crash landed in a
very cold weather and you must collaborate as a team and make multiple group decisions
to survive in a plane crashed situation. You will be given a task description displayed on
a screen and all instructions are provided by a robot facilitator.
During this session you will first make decisions individually. Then you will be asked to
review and discuss the decisions in your group to make GROUP decisions collaboratively
and a robot will be supporting your meeting. After the group discussion you will be asked
to indicate your decisions again individually.
During your group discussion, you may have disagreements on some items and it’s totally
fine. We actually want you to express and defend your opinions about each item. After
your group discussion and final decision, we will share a standard solution for the winter
survival situation. Your group decisions will be evaluated against this standard solution.
After this group session, each of you will be evaluated individually based on your
contribution to the final group decisions. You will be each given 5 points for every decision
you make that appears in the final group decision. So if you think a decision is important
you should express your thoughts.
You have about 40 minutes for this session to complete the task and come up with your
final decision.
5. In addition to [talking to the robot/doing the survival exercise], we will also ask you to fill
out some questionnaires before and after [talking to the robot/the task]. The study session
today should take about one and half hour and, at the end, you will be compensated $20
each. Does this sound like something you are still interested in? [If yes, continue, if no,
dismiss]
6. Ok. Great. Now the first thing to do will be reading and signing the consent form. I will
explain it to you and you can take as much time as you want to read it, and then ask any
questions you may have. [Administer informed consent]
a.
b.
c.
d.
e.

21 years old, speak and read English
Explanation (you already said this)
Takes one session, about 1.5 hour.
No risks, can skip any question on a questionnaire you’re not comfortable with
Information is confidential (stored in locked cabinet, locked room), nothing linked
to your name
f. STUDY IS COMPLETELY VOLUNTARY, stop any time
g. $20 for completing study
h. Do you have any further questions?
7. Now, I would like you to fill out several questionnaires
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8. Here are the questionnaires. Some of these provide background information about yourself.
Some ask you questions about your group behaviors and how you are feeling right now.
[Hand participants tablets with the pre questionnaires window open (firefox
browser): Socio-Demographic + Personality Inventory (TIPI), + Leadership Skills, +
Feeling towards group work, + Self-Assessment Manikin (SAM), + Positive And
Negative Affect Schedule (PANAS)]
9. NEW: Hand each participant a scenario page. Tell each subject unique information about
the need for certain items to appear in the final selection. Tell each subject it is important
for their items to appear in the final selection. Tell subjects the study is about assessing
their persuasion and negotiation skills.
10. Now I would like to show you the form you will use to review and rank the items
individually before and after your group discussion. You will be given the task description
displayed on a shared screen and when the session starts, [robot: at certain points the
robot will tell you to] use the tablet to review the items individually and rank them.
11. [When they are done. Turn on the videotape, run the Furhat program (only for robot
condition)] Now I turn on the cameras and I am going to take you to the study room.
12. [Go to the other room. Ask them not to sit on the chairs until you introduce the robot.]
13. a) For robot: Ok, Here is our robot named Sarah. Like I said earlier, this robot will
moderate/facilitate your decision-making process in this winter survival exercise session.
It will give you instructions and guide you through different steps. When I start the robot,
the robot will listen, talk to you and you can answer to the robot almost like the way you
would talk to a human. There may be some delays time to time for her to understand your
word.
b) For control: Ok, now we can get started. Here are some instructions for your decisionmaking process [Hand them the written instruction paper]. Like I said earlier, you will
review the resumes individually first and then discuss together to select one best candidate.
When you make a decision, you use the application again to enter your final individual
rating again. You have about 30 minutes for this session. You can start now, and I will
come back to the room in 30 minutes.
The whole session will be videotaped. If either of you becomes uncomfortable during the
session, you may stop the session. Also, I will be monitoring the session from another room.
If a health or safety concern arises, let me know and I will immediately call for the
appropriate help.
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14. [Guide each participant to seat on their seat (participant ID 1 seats first and participant ID
2 seats after him/her.) Tell them they first need to stand until Furhat turns to them and nod
her head. Then they can seat.]
15. [Start the program from the third tablet (RA’s tablet). When furhat starts speaking,
step outside.]
16. a) For robot: [Robot Session terminates. Turn off the videotape. Re-enter the room,
make sure participants submitted the final voting]
b) For control: [After 30 minutes reenter the room. And turn off the videotape, make
sure participants submitted the final voting]

17. Great. Thank you so much for completing the group decision-making task. Now I just need
you to fill out a few more questionnaires. Let me take you back to the previous room.
[Hand in the tablet with the post questionnaires window open (on Firefox browser):
Self-Assessment Manikin (SAM), + Positive And Negative Affect Schedule (PANAS),
+ Intra Group Conflict + Group Performance, + Team Evaluation, + Meeting
Evaluation, + For Robot condition: Group Facilitator Evaluation, + Rapport with
robot, + Working Alliance Inventory with robot].
18. Great. That concludes the computer portion of the study. Lastly, I would just like to ask
you a few questions about your experience using the system in your group decision making.
Is it OK if I record the conversation? It is just so I can take detailed notes. [Conduct semistructured interview, use phone to record]
19. [Debrief participants (debrief statement)]
20. Alright, now if you just sign this payment receipt you will be on your way. Thank you
again for participating. [Pay participant $20 each, have them sign receipt]

Semi structured interview questions
1. What were your overall impressions of the session?
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a. How did you feel about your group decision making session?
b. How would you describe the group decision making process and
experience?
c. Remember one of the latest group meetings that you have attended and
compare it to that session.
2. How would you describe Sarah (the group facilitation system)? For example
if you want to describe it to a friend.
3. How did you feel about the facilitation agent (facilitation system)?
a. Probe: in what ways was it helpful?
b. Probe: Improving the meeting structure?
c. Probe: Balancing participation?
d. Probe: Improving performance?
4.
5.
6.
7.

What did you like most about the group facilitation system?
What did you like the least about the group facilitation system?
Do you have any suggestions to improve this system?
Would you use the automated group facilitation system in the future? Why?
How?
8. Would you recommend using automated group facilitation system to your
friends?
9. Is there anything else you would like to add?
10.Control group – Vignette experiment: Ask participants to imagine a situation
where they had disagreement and the robot intervene to manage their conflict.
What would they think about that.
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Appendix C. Written Instructions for Participants
C. Task Descriptions

Winter Survival Exercise
The Situation:
•

You have just crash-landed in the woods of northern Minnesota and southern Manitoba.
It is 11:32 A.M. in mid-January.

•

The small plane in which you were traveling has been completely destroyed except for
the frame. The pilot and co-pilot have been killed, but no one else is seriously injured.

•

The crash came suddenly before the pilot had time to radio for help or inform anyone of
your position. Since your pilot was trying to avoid a storm, you know the plane was
considerably off course. The pilot announced shortly before the crash that you were
eighty miles northwest of a small town that is the nearest known habitation.

•

You are in a wilderness area made up of thick woods broken by many lakes and rivers.

•

The last weather report indicated that the temperature would reach minus twenty-five
degrees in the daytime and minus forty at night.

•

You are dressed in winter clothing appropriate for city wear—suits, pantsuits, street
shoes, and overcoats.

•

While escaping from the plane, your group salvaged the 10 items listed below.

Your task is to rank these items according to their importance to your survival.

• You may assume that the amount of each item is the same as the number in your group
and that the group has agreed to stick together.
Winter Survival Decision Items:
Rank the following items according to their importance to your survival, starting with “1” for
the most important and proceeding to “10” for the least important!

• Compress kit (with 28 ft. of 2-inch gauze)
• Ball of steel wool
• Cigarette lighter without the fluid
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•
•
•
•
•
•
•

Loaded .45-caliber pistol
Pocket Mirror
30 feet of rope
Family-sized chocolate bar (one per person)
Flashlight with batteries
Quart of 85-proof whiskey
Extra shirt and pants for each survivor

C. Instructions for Small Group Decision-Making Session

The goal of the meeting is to select an applicant to interview for a sales manager
position in a company. Human resources has selected six resumes, out of 70
applicants, and now we would like you to help us select the ONE best candidate for
interview. You have 30 minutes to select the best candidate.
In the tablet in front of you, you can review the six resumes, and the job description
is printed on the paper.
__________________________________________________________________

We suggest you follow the steps below during your decision-making process:

1-

Get to know each other [Introduction and greeting].

2-

Use your tablet to review and rank the resumes individually for about 5

minutes.
3-

When you are done with you individual ranking, start discussing the

important criteria in your group.
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4-

Then you may start your group discussion by reviewing the resumes one by

one, and eliminate the ones that are clearly below the bar based on your criteria.
You can use the tablets for reviewing resumes, and eliminating them.
5-

When you narrow down your choices to 2 or 3 candidates, you can discuss

the pros and cons of each of the remaining candidates and explain who and why
you think is the best fit for this position.
6-

Then you try to finalize your decision on the ONE best candidate to

interview.
7-

Finally please use the tablet to rank the resumes one more time after your

discussion.
8-

Call the research assistant when you are done.
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Appendix D. Debriefing Documents
Debriefing Statement –Group Facilitation System – STUDY 3
The experiment that you just participated in was designed to investigate whether a conversational
robot can facilitate a group decision-making session and manage the disagreements among the
group members as well as the meeting structure and member participation.
There are three separate conditions in this study, and participants were randomly assigned to, and
experienced one of them:
1. Robot Facilitation System with Disagreement Management Intervention: In this condition
the group decision-making session is facilitated by a conversational robot. The robot’s
language and behaviors were controlled by a research assistant in an adjacent room who
remote-controlled the robot. The facilitation robot provides resolution interventions when
there is a disagreement between participants and attempts to manage the meeting by
following the agenda and monitoring the members’ speaking time and participation.
2. Robot Facilitation System without Disagreement Management Intervention: In this
condition, the decision-making session is facilitated by a robot that is controlled by a
research assistant from an adjacent room. However, the robot does not attempt to resolve
disagreements between participants.
3. No Facilitation: In this condition participants are asked to make a group decision without
any type of robot facilitation.
Please understand that this deception was an absolutely critical component of our research, and
that this experiment was carefully evaluated and approved by the Northeastern University
Institutional Review Board, which reviews all experiments that involve human subjects.
If at any time, now or later, you experience any ill effects, either mental or physical, as a result of
your participation in this experiment, please do not hesitate to tell the experimenter, or to contact
Dr. Timothy Bickmore at (617) 373-5477, or bickmore@ccs.neu.edu. You have the option to
withdraw your data from this experiment now so that it will not be used, with no repercussions. If
you choose to withdraw, no data or video record of your participation will be kept.
Please note that this is an ongoing study, so please do not disclose any information about the
study conditions to your friends and classmates. Feel free to ask any questions about the
experiment at this time.
Your help has been greatly appreciated, and will aid the Human-Computer Interaction Laboratory
in the construction of new software that can facilitate group meetings and ultimately will be used
to assist people in making group decisions more efficiently and saving a large amount of time and
money.
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