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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, but many groups do not have access to human facilitators due to a lack of resources
or other barriers. In this paper, we 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. We also report design
implications derived from the findings of our study.

Figure 1: The automated group facilitation system and the study setting; the robot facilitates a small group
decision-making session. Participants use a tablet application for some of the decision-making tasks
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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-
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making tasks [1, 19]. 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 [24], groupthink [3], and dominance [9] 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 [17].
Professional human facilitators have been shown to be effective at improving group decision-making
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 [43]. Viller
also demonstrated that a group facilitator can greatly improve meeting quality by enforcing a structure,
eliciting equal participation, and managing conflicts [41].
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. We 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. 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.
We 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 a non-judgmental 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 [36] a
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.
We 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 our
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. Our robotic facilitator uses cues from user gaze, speech,
prosody, and proxemics, in addition to task status from a tablet application, to coordinate a decisionmaking meeting.
In this paper, we 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. We evaluate our 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, we are 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.
The main contributions of this work are: 1) we provide initial evidence confirming the use and
acceptability of an anthropomorphic robot in the role of a meeting facilitator; 2) we present a new design
for a fully-automated robot-driven group facilitation system; 3) we offer important design insights for the
use of robot facilitators in groups. In the rest of this paper, we first review related work, then describe the
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architecture and the design of the new automated facilitation system. We finally present results of an
evaluation study to demonstrate how the system works/is perceived by participants in a laboratory setting.

2 Related Work
2.1 Group Decision-Making Challenges and Group Facilitation
There have been many studies of the social dynamics that unfold in human workgroups, dysfunctional
behavior that can lead to poor outcomes, and solutions for holding productive meetings. Latane’s "social
impact theory" [26] characterizes the complex interactions among different social factors in groups which,
together, determine how individuals are impacted by other group members. The theory explains how many
factors—such as lack of an agenda, dominant individuals, and “derailers”—can result in dysfunctional
meetings, frustration, and poor outcomes. Nunamaker, et al, reviewed work on Group Support Systems,
and identified additional factors that could lead to poor meeting outcomes, including a lack of focus, hidden
agendas, conflict, distractions, and poor planning [33]. Other studies have demonstrated that not having an
agenda or not following it represent major barriers for meeting efficiency [34].
Several studies have demonstrated that having a group facilitator can improve group performance and
decision-making effectiveness by mitigating some of these challenges and enforcing a structured decision
making process [8, 30]. Previous research on meeting dynamics demonstrated that one of the main tasks of
group facilitators is to manage a meeting by keeping discussions on track and ensuring the group follows an
agenda [31, 41].

2.2 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 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 [41].
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 [12].
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 decisionmaking 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 [15] .
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 [25]. Furthermore, much research has been done to design smart
meeting rooms both to provide real-time assistance and to capture human behavior in groups [11, 42].
Smart meeting rooms are usually equipped with different sensors, multiple cameras and microphones to
capture details of a meeting and detect contextual information. In recent work by Bhattacharya et al., a
model is proposed to automatically process multimodal sensors outputs, and detect human verbal and nonverbal behaviors and understand group dynamics [5]. The work to date in this area indicates the great
potential of employing intelligent systems for group facilitation. However, to the best of our knowledge
none of the work on GDSSs has leveraged multimodal ECAs as virtual meeting facilitators.
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2.3 Robots and Conversational Agents in Groups
Advances in robotics technology have enabled a growing number of robots designed to work in human
teams [16], with examples spanning from invasive telesurgeries [14] to space exploration missions [13].
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 [23]. Jung also introduced the concept of “affective grounding”, as one of the essential prerequisites
for coordinating human-robot interaction [22]. 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 [28]. 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 group engagement, attentiveness, and social perception
of the agent [2, 36]. 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 [40]. 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 an ECA’s
turn-taking behaviors by gaze, gestures and speech [6]. Such a model can smooth an 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 [38]. 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 [20].

3 Automated Group Facilitation (AGF) Robot; System and
Architecture
We designed the Automated Group Facilitation (AGF) system to support collaborative activities in group
meetings by providing interventions to mitigate some of the known challenges such as diverging from the
agenda and meeting domination. The AGF system is multiparty, interacting with all meeting 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 quasi-natural conversation. We chose to use
a physical robot as the group facilitator, since several studies have demonstrated that physical robots are
more engaging than virtual (screen-based) agents [2], the robot’s physicality improves user’s perception of
its presence in the team [36], and a physical robot can use its gaze to more accurately display attentiveness
and feedback to speakers and to indicate a desired addressee [2].
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 (via
events from a hiring task web application used by participants). 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.
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 two different types of support during a group decisionmaking session: social facilitation and decision-making and meeting facilitation.
Social Facilitation: One of the most important tasks of a group facilitator is to catalyze the social
interaction among members of a workgroup [35]. Social facilitation tasks of a group facilitator include:
greeting everyone and introducing herself and the members of the group; “setting the stage” by orienting
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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 engage them in natural, multimodal,
face-to-face conversation. In order to build rapport and trust as a social facilitator, it needs to display
understanding and empathy using conversational backchannels [4] and active listening behavior [27].
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 is designed to provide five types of facilitation intervention:
• Enforce meeting structure: To avoid off-topic discussions and deviation from the meeting agenda, the
system enforces the meeting structure by offering step-by-step instructions and monitoring the decisionmaking 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 Balanced Participation: Dealing with people who tend to dominate the conversation in a
meeting is an important function of a group facilitator [8]. To ensure balanced participation, and to
create a safe space for all participants, the system detects when some participants are significantly less
vocal during a meeting and engages them in the conversation.
• Content-based Feedback: A group facilitator also provides 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.
• Time Management: 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.
To provide these facilitations effectively, a facilitator should also be perceived as an authorized and
intelligent member to enforce participants’ attendance and adherence to her instructions. As suggested by
Cassell, the computer agent’s embodiment helps users to better locate its intelligence and power and
improves perceived trust [10]. Using a conversational robot with a human-like face and nonverbal
behaviors such as gaze and facial expression as a group facilitator allows participants to treat it as an
intelligent and authorized social entity with a persona.
Another important feature of the group decision-making setting is the involvement of multiple humans
in the interaction, so the Robot Facilitator must 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 should be 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 needs 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.

3.1 System Architecture
To satisfy the requirements mentioned above, we 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 [42] and integrates it for use with a conversational 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 [2].
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.
The audio input is passed to an automated speech recognition (ASR) module to be used by the dialogue
manager. The AGF architecture uses the inputs from the tablet application in addition to the speech input to
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better detect the current topic, the meeting stage and the decision status. Visual data from the camera is
processed to make the robot aware of the participants’ location, and head positions and generate adequate
non-verbal and verbal listening behavior. The components are controlled in different software modules, and
we 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 5)
and events from the application are stored in a local database and passed to the dialog manager through the
network. Figure 2 shows the architecture.

Figure 2. The AGF System Architecture for Decision-Making Meetings

4 Task Domain: Hiring Meeting
Although our system architecture and methods can be used for many kinds of group decision-making
meetings, we grounded our 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 [15]. This experimental task and procedure are adopted from
previous work [36], 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 six resumes for a
sales manager position and select the one best candidate for an interview. We created fictional resumes
based on real resumes of applicants for the sales manager positions. Resumes were designed so that each
candidate 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.
A humanoid robot serves as the facilitator for the group decision-making session. We designed a standard
agenda [29] to structure our experimental hiring meeting (Figure 3). The steps are as follows:
1.

2.

3.

Greeting and Introduction: The facilitator initiates the conversation by introducing herself, inviting
the participants to introduce themselves, and greeting them with their names. 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. This conversation acts as a
social catalyzer to build rapport and trust among group members.
Agenda Description and Resume Review: The facilitator then describes the goal of the meeting and
the agenda, and asks the group to review resumes individually for a few minutes and provide a
preliminary ranking using the tablet application. She also 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 to
remind them as the time runs out. Participants can negotiate time extensions if they require more.
Criteria Discussion: When participants are ready, the facilitator suggests that the group discuss the
hiring criteria. She monitors the conversation to ensure the group discusses the main criteria. If
participants indicate they are ready to move on but have forgotten to discuss one or more criteria (e.g.,
education or work experience), the facilitator prompts them (e.g. “What do you think about their
education?”). During the discussion the facilitator displays active listening behaviors and
confirmations. She also monitors vocal participation and prompts less active participants by name
during breaks in the conversation.
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4.

5.

6.
7.

Main Discussion and Elimination of Unfavored Candidates: The facilitator invites the group to
start discussing the hiring candidates, by going through all the resumes and eliminating the unqualified
ones. When participants converge on a decision (by indicating on 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, the facilitator 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.
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 (pausing 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). The facilitator again monitors time and vocal participation.
Decision on the Final Candidate: When the 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.
Meeting Wrap Up: 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 3. Group decision-making procedure. Examples of robot's contribution and multimodal inputs in each
stage are shown in the bottom.

5 Dialogue Management
The dialogue manager of the AGF system is designed to accomplish five main goals to facilitate the group
decision-making process: 1) Handle multiparty interaction; 2) Enforce structure for the group decisionmaking meeting; 3) Ensure content coverage by providing content-based recommendations; 4) Balance
group participation by nudging the less active participants; 5) Track and manage the time by conveying
rule-based temporal guidance.
We used IrisTK, an open source dialogue system framework [39] to manage the conversation flow in
the multiparty interaction with the Furhat robot, using a state machine-based dialogue manager. Using
IrisTK we 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, we describe more details on the input
signals, the output actions the system provides to achieve the goals mentioned above.

5.1 Input Modules
Four main input modules are used to capture information about the meeting.
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5.1.1

Visual input from depth camera

A Kinect camera is 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, sends an event when a user enters or exits the scene, and
detects whether a user is attending to (gazing at) the robot or not.
5.1.2

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
meeting stage. To understand the output of the ASR module, and to handle the semantic interpretation of
the speech input, we used the W3C Speech Recognition Grammar Specification (SRGS) 1 and Semantic
Interpretation for Speech Recognition (SISR)2 tools integrated into the IrisTK framework. The recognized
semantic intent of the speech input is used to drive robot behavior in each dialogue state throughout the
interaction. For example, the system uses that to understand general speech inputs such as answers to yesno questions, repeat requests, queries including the robot’s name, questions and thanking utterances.
5.1.3

Decision status from the hiring task tablet application

We designed and developed a custom tablet application to support the group decision-making tasks. The
application is 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. 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.4.a) 2) Group discussion, elimination and selecting the best candidate (Fig.4.b and c),
and 3) Individual final ranking (Fig.4.d). During the group discussion phase, most of the participant actions
are shared with other participants to facilitate communication and sharing of ideas. 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, candidate’s status, and the number of discussed and eliminated
candidates from the application. Other input signals are received from the application at the 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, 3) when the decision status on each
candidate is updated (kept or eliminated), 4) when the best candidate is selected.

Figure 4. The hiring task application; a) Initial individual ranking interface; b) Group discussion interface; c)
Group discussion interface after eliminating four candidates; d) Final individual ranking interface

1
2

https://www.w3.org/TR/speech-grammar/
https://www.w3.org/TR/semantic-interpretation/
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5.1.4

Time

In the dialogue manager, timer events are used by the dialogue manager to initiate timing signals at several
occasions during the interaction. Examples include: during the resume review phase to send time
reminders, and during the discussion phase to track the time spent on each stage and on each resume.

5.2 Output Actions
In this section, we 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.
5.2.1

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 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.
5.2.2

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.

2.

3.

4.

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, and providing the task description
and goal to be accomplished at the beginning of each stage.
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 uses SRGS and SISR to interpret
participants utterances and respond to them when they call her name, greet her, ask a question about
the time, etc., at any point during the meeting.
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.
Time-based Utterances: Using the internal time of the system, the robot provides time reminders at
certain points during the session.

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 inputs at the same time, the robot handles the responses separately.
5.2.3

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.

5.3 Meeting Facilitation Services
The AGF system adopts the output actions to achieve the four Decision-Making and Meeting Facilitation
functions described in Section 3.
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 to next stage,
asking targeted questions, acknowledging actions and asking confirmation questions, monitoring the
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decision-making process and suggesting 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.
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.

6 System Evaluation
We 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 decision-making task
described in Section 4. We 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 same
tablet application for individual tasks and group
decision-making). In both conditions, each participant Figure 5. Experimental setup for the evaluation study.
was given a job description printed on paper, and a
a) robot condition; b) no-robot condition
tablet computer (iPad) with the hiring application
running. Participants used the application for their individual review and ranking of resumes, as well as to
their 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. The written instruction includes the same agenda that the robot uses in the
ROBOT condition, as well as time management instructions. Figure 5 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,
we 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: Rapport with the facilitation robot was assessed by asking a set of questions suggested by
[32]. Attitudes towards the robot were assessed in the ROBOT condition using the bond subscale of
Working Alliance Inventory [18], and single item questions about the robot (e.g. the robot’s
knowledgeability, authority, and friendliness), and perceptions of the its effectiveness in managing
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participation and disagreements in the group (Table 1). Feeling towards their team and the decision-making
process was assessed using 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 partner and I understood each other’, ‘I found we
reached a decision efficiently’). Perceptions of task conflict were measured using a three-item scale
introduced and validated by Jehn et al., [21] (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?’). Satisfaction with 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.”). Perception of group performance was measured with a single item scale (1-100 .
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 rankordering, 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 ROBOT condition, the research assistant first introduced the robot and explained how she will
see and listen to the participants. They were instructed to wear head-mounted microphones and seated, and
the research assistant left the room after starting the program.
For all participants, 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.
Participants were asked to fill out post-session questionnaires, and a semi-structured interview was
conducted with both team members.

6.1 Quantitative Results
A total of 40 individuals (20 teams) completed the study. 60% of participants were 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.
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 1).
Table 1. 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)

Robot
Mean (SD)

pvalue

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.

5.09 (1.7)
5.45 (1.4)
6.36 (0.7)

.014
.001
.000
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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.

5.86 (1.4)

.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.
We 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.
We 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 decisionmaking facilitation as reflected in a 4-item composite measure (α =.81). However, participants in the
CONTROL condition rated the general usability of the overall facilitation system (via a 5-item scale (α
=.95)), higher (Mean (SD)=6.08 (1.1)) compared to those 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, we 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 rankordering, 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 2).
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 discussed 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 was usually ended by one of the 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. We 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.
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Table 2. The percentage of groups that performed each suggested meeting stage, and the amount of time spent
on each stage, in each condition.

Percentage of groups who
performed this stage

Greeting

100%

Time spent by groups on each stage
(in seconds)
ROBOT
CONTROL
CONTROL chi-square
ttest
(N=10)
(N=9)
(N=9)
p-value
p-value
Mean (SD)
Mean (SD)
67%
.03
152 (21)
21 (43)
.000

Individual review and
ranking (Initial)*

100%

100%

1

307(56)

639(239)

.001

Criteria Discussion

100%

0

.000

172(38)

0

.000

Group Discussion

100%

100%

1

833(226)

598(302)

.06

Select Best Discussion

100%

89%

.82

91(85)

87(109)

.94

Finalize and Confirmation

90%

11%

.001

25(11)

1(2)

.000

Meeting Stage

ROBOT
(N=10)

* 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.

6.2 Qualitative Results
From our qualitative analysis we derived themes related to the advantages and disadvantages of having a
robot facilitator for small group decision-making meetings.
Overall most of our 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 decisionmaking meetings, but some groups indicated it would be especially helpful in large and diverse groups
when there are more likely to be disagreements, domination, and off-topic 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”.
6.2.1

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 Sarah3 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.”
6.2.2

The Robot’s Role in Organizing the Meeting and Time Management

Our 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 experience we easily identify people
who usually have the habit of not speaking on the topic. So Sarah can be good … because she keeps everyone on track.
3

Sarah is the name of the robot.
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I would definitely 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.
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 [we] 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.

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). Participants in the ROBOT condition were also more satisfied with
their team and the decision-making activity and expressed a significantly greater increase in decision
confidence compared to those in the CONTROL condition.
The robot had a definite impact on group behavior, with significant differences in time spent in various
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 members, they enjoyed the experience less even though it resulted in a more
efficient and productive meeting, and we may have seen similar low ratings for a human facilitator.

7.1 Limitations
There are several important limitations to our evaluation study, beyond the small number of participants
and the biased convenience sample of mostly college students who participated. First, we 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. Our 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. Our participants were also peers, and our
architecture may need to be adapted for meetings in which hierarchy (e.g., the presence of a manager)
influences the social dynamics. Last but not least, the presence of the robot in the robot condition can
result in different group sizes compared to the control condition. Although we controlled the robot’s
influence on the decision making by limiting it’s involvement to be only a process facilitator, the presence
of another conversational partner in the room may affect the other interactions.
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7.2 Future Work
There are many important directions for future work that are enabled by our 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 our 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.
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