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Abstract:

This study explores how a voice-based
Al facilitator can support verbal partic-
ipation in quiet Problem-Based Learn-
ing groups. Using Design Science Re-
search, we developed and evaluated
LIFT, a prototype that listens to group
discussions, provides spoken facilita-
tion, and visualises participation pat-
terns. LIFT was tested with three
PBL groups involving seven master’s
students and evaluated through the-
matic analysis of transcripts and de-
brief interviews. Findings show that
participants accepted LIFT as a facil-
itator, valued its reflective summaries,
and did not find participation visibility
overly exposing. However, verbal in-
terventions inviting quieter members
were not fully tested. The study con-
tributes design principles for future
voice-based Al facilitation tools for col-
laboration.

The content of this report is freely available, but publication (with reference) may only be pursued due to

agreement with the author.


http://www.aau.dk

Summary

This report investigates how a voice-based Al facilitator can support verbal par-
ticipation in quiet Problem-Based Learning (PBL) groups. Since PBL depends on
collaboration and discussion, uneven participation can limit knowledge sharing
when some students dominate while quieter members struggle to enter the con-
versation. The study therefore explores whether an Al facilitator can help make
participation more balanced.

Using Design Science Research, the authors developed LIFT, a voice-based Al pro-
totype that listens to group discussions, transcribes speech, gives spoken facilita-
tion responses, and visualises participation patterns. LIFT was tested with three
PBL groups involving seven master’s students. The data consisted of meeting
transcripts, debrief interviews, and participation summaries, which were analysed
through thematic analysis.

The evaluation showed that participants accepted LIFT as a facilitator or helper, but
not as an equal group member. They preferred the Al to intervene only when rele-
vant and not interrupt the meeting flow. Participants found some responses repet-
itive, but valued LIFT’s ability to summarise and clarify discussion points. The
visual feedback on speaking time was generally accepted, although participants
noted that speaking more does not necessarily mean contributing more meaning-
fully.

Overall, LIFT shows promise as a tool for reflection, summarisation, and patrtici-
pation awareness. However, its ability to directly increase quieter members’ verbal
participation was not fully demonstrated, since the main invitation feature did not
trigger during testing. Future work should improve response timing, speaker iden-
tification, contextual understanding, and test LIFT over longer periods with larger
groups.
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Chapter 1

Introduction

Group work is widely used in both educational and professional contexts, includ-
ing higher education and healthcare, where complex tasks require coordination
across different perspectives and areas of expertise. Many real-world tasks cannot
be solved effectively by individuals working alone, but instead require collabora-
tion and decision-making. Communication is therefore one of the essential aspects
of effective group work, as participants can share ideas and coordinate efforts.

In group work, participation is often equated with speaking up, meaning that quiet

or low-participation students are easily interpreted as less engaged or lower per-
forming. As a result, “silent” students are frequently framed as problematic and
assumed to be passive learners or even be failing to learn. However, research sug-
gests [32] that silence is a weak indicator of learning, as students may participate
in less visible ways. This matters because when silence is treated as disengage-
ment, groups and facilitators may respond by overlooking the barriers that keep
students quiet instead of supporting more inclusive participation. Students may
remain silent in learning settings because they are re ective or hesitant, but their
silence can also be shaped by contextual factors such as fear of being judged or the
size of the group being too large [24| 37].

This is especially important in Problem-Based Learning (PBL) which is a collabo-
rative learning (CL) process where students work with real-world problems and
acquire the necessary knowledge and understanding to address them [39]. In PBL,
the problem acts as the starting point for learning, prompting students to assess
what they already know and determining what additional knowledge they need
to acquire. This approach relies on collaborative group work, where each mem-
ber contributes by gathering relevant knowledge, and sharing it with the group
to support the collective understanding. Since learning in PBL emerges through
dialogue and shared understanding, group processes are crucial to learning out-
comes. However, participation is often uneven: studies of PBL tutorial groups [12]
commonly report very quiet members, dominant speakers, and attendance-related



issues, all of which can in uence whose contributions are heard and integrated
into the group's work. Such uneven participation can weaken the learning process
in PBL, because the group gets fewer chances to explain ideas, ask questions, and
build a shared understanding of the problem. Research shows that if a few mem-
bers dominate the discussion, their perspectives tend to shape the group's work,
while quieter members' knowledge may remain in the background.

Considering CL is a central part of PBL and group activities, students' ability to
contribute verbally and therefore engage with the CL process is impactful to the
knowledge creation and learning outcomes of the PBL process [18]. However,
collaboration is not limited to verbal participation, it can occur through multiple
forms of communication, including spoken and written such as shared documents,
chat messages or notes. All of these communication forms can have an effect on
learning as they contribute to knowledge sharing or improving the group dynam-
ics. The learning outcomes are affected by both the group activities and dynamics.
The usual group activities include discussion and negotiations and ideal group
dynamics involve mutual engagement, cooperation and cohesiveness [34]. There-
fore a productive PBL process usually demands active and equal engagement of all
group members in order to facilitate positive CL outcomes [8]. However, research
indicates CL is not ideal for all learner types and disadvantages certain students
when applied too broadly. Speci cally students with quiet personalities can strug-
gle with engaging with CL processes due to their predisposition to verbal commu-
nication [26]. Considering CL occurs in a social environment a cause of discomfort
for quiet students is the performative experience and expectations of group work
[25]. Despite quiet students reluctance to communicate more than other students
and discomfort with expectations their experience and learning outcomes with CL
can be positive. Notably the opportunity to hear differing perspectives on course
material from other students [26]. CL requires knowledge sharing and a common
misconception is that quiet personalities inhibit knowledge sharing however de-
spite a reluctance to communicate, students with these personality traits are not an
obstacle in knowledge sharing when motivated [15].

The introduction of Al poses new opportunities for collaborative learning. A sys-
tematic literature review [21] of 41 journal articles shows that Al is used not only
to measure group performance, but also to support collaboration by in uencing
interaction processes such as emotions, group talk, and student behaviour. Al can
also provide personalised learning and feedback. In group work, it could help
quiet groups get started and keep discussions moving by inviting quieter mem-
bers to contribute, asking clarifying follow-up questions, and rephrasing unclear
points into more concrete statements. This may promote more balanced knowledge
sharing and give quieter students a fairer share of speaking time.



These challenges motivate our study, in which we explore whether Al can support
verbal participation in PBL groups, by helping all members of quiet groups engage
in an equal amount of knowledge sharing. With that in mind the study is guided
by the following research question:

To what extent can a verbal Al-based facilitator shape participation during meet-
ings in quiet Problem-Based Learning groups?

In this study, we draw on our experiences with collaboration in PBL groups, where
knowledge sharing is essential, yet participation is often uneven and quieter mem-
bers can be overlooked or misunderstood. Furthermore, research investigating the
integration of Al within PBL groups with the purpose of supporting verbal partic-
ipation is limited.



Chapter 2

Related Work

2.1 Group Work

Over the past few decades, the educational system has shifted from having stu-
dents complete academic tasks individually to having them work in groups [4].
This change has been driven by several factors, including research demonstrating
the academic bene ts of group work over working alone. Researchers have found
that these advantages stem from students perception that their group provides a
support system, something they do not have when working alone [17].

2.2 \Verbal Activation of Quiet Groups

People who thrive on quiet re ection rather than quick responses are often as-
sociated with introversion, and they may nd workplace meetings intimidating.
Chazin [35], introduces several strategies to support their verbal participation,
such as: prepare thoroughly, engage early, establish a pre meeting ritual, speak
with purpose, control the pace and follow up strategically. The ndings suggest
that these strategies can bene t the whole group, not only by improving how the
introverted participant feels during the meeting process, but also by making their
contributions more visible and easier for the team to engage with [35].
Furthermore, Research on participation imbalance indicate verbal or non-verbal
interventions can increase participation of passive group members [36]. JD Hu-
manoid [2] provides small groups with robot moderation by making verbal and
non-verbal interventions with the intention of facilitating balanced group partici-
pation. While these systems do show positive results of verbal interventions being
effective for equal engagement in groups. However, non-verbal interventions from
a robot moderator appear less effective, perhaps due to a robot being unable to
replicate a gaze that a human moderator could do.



2.3 Al in Quiet Groups

Participation in group work is often equated with speaking up, even though stu-
dents can contribute in many other ways. in practice, this can leave quiet members
of a group without a clear way of entering the discussion and make their work
look less engaged than it is. Research in group chat suggests that Al can sup-
port groups where participation is uneven by taking a facilitation role. Kim et
al. [19] present a facilitator chatbot that helps groups stay on track by managing
time, encouraging members who have contributed less to join in, and organising
the conversation through structured prompts and brief summaries. Rather than
replacing the discussion, the bot reduces coordination work and creates clearer
openings for quieter members to contribute. The authors report that these inter-
ventions can make participation more balanced and can make the discussion feel
fairer and more ef cient to participants [19]. Related research also shows that the
way an Al facilitator invites participation matters. Do [7] nds that prompts work
best when they are directed at a speci ¢ quieter member and often delivered pri-
vately, so the invitation feels supportive rather than exposing someone in front of
the group. The PhD dissertation also highlights that these systems will sometimes
misidentify who is “quiet,” so the agent should be able to acknowledge and re-
pair mistakes to avoid awkwardness and maintain trust [7]. MicBot [36] shows a
similar facilitation effect, but delivered nonverbally. It uses subtle movements to
respond to the current speaker and to encourage more passive members to take
part. In the study, this led to more evenly shared listener feedback across group
members compared to a ho-movement condition, and this increased balance was
associated with better problem-solving performance [36]. Overall, the literature
points to facilitation that actively structures the conversation can support quieter
groups. But it has to be done carefully so quieter members get easier openings to
verbally participate without being singled out.

2.4 Al in Collaborative learning & PBL

Collaborative learning is a popular method of conjoining multiple people's knowl-
edge and efforts towards a common goal into creating deeper understanding of a
subject. Al technologies can be applied synchronously or asynchronously in a CL
environment to enhance communication and coordination. Al-powered tools such
as agents, virtual assistants, collaboration facilitators and chatbots are examples of
enhancing CL [9, 33]. These tools can tailor learning for each student or group to
suit their needs, strengths and learning styles. The assistance of Al can therefore
improve the quality and effectiveness of collaboration. Enabling each student or
group member to contribute their individual ideas in solving problems by reducing
the need to organise or communicate their tasks or contributions [6].



Bagmar et al. [3] analysed the effects of a chatbot for moderating text-based
group discussions. Their solution involves an Al-based chatbot being implemented
into a group chat. The chatbot has three main features, Meeting Coordination
where it acts as a host, time management by reminders about discussion time,
Lurker Encouragement where it engages with people that have not spoken. Their
research indicates the interventions from the virtual moderator was effective for
engaging active discussions with equal participation.

Furthermore, research into primarily voice-based assistance shows the use of
voice features on smartphones is increasing [20]. One of the most common reasons
for using voice assistance is the hands-free interaction and speaking feeling more
natural than writing. Research into conversational agents and the use of voice fea-
tures shows that Conversational Agents can be potentially useful for many contexts
including UX Analysis [22]. A pilot study [23] examined the impact of a conver-
sational agent on collaborative learning among children. The study had groups
of three children collaborate with a peer agent at a workshop. Each member was
given different roles and the peer agent was given either the moderator or engineer
role during the collaboration. Their results show that the conversational agent does
affect collaborative learning by controlling the process of discussion and providing
insightful statements that encourage re ection.



2.5 Existing Technologies

Table 2.1: Existing Technology
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ChatGPT Voice & Assistant General Yes Yes No
Text purpose
Zoom Al Voice & Assistant Onll.ne Yes Yes No
Text meetings
Microsoft Copilot Voice & Assistant General Yes Yes No
Text purpose
Otter.ai Voice & Assistant No.t e Yes Yes No
Text taking
Fire ies.ai Voice & - nssistant Note- Yes Yes No
Text taking
Non- Passive Grou
MicBot [36] Modera- up No No Yes
verbal meetings
tor
Virtual Moderator [3] Text Moderator Gcrr?;:o No No Yes
Al Team Member [1] \oice Moderator Groyp Yes Yes No
meetings

Note. Facilitation role refers to the degree of active involvement in group activities:

moderator = proactively directs discussion; assistant = responds on demand; passive monitor
= observes without intervening verbally. Use case re ects the primary setting in which

the tool was designed or evaluated.

Our prototype values are based on the intended design.

The table 2.1 gives an overview of existing technologies and shows how they sup-
port group interaction in different ways. It makes it easier to compare our proto-
type with both commercial tools and earlier research, and to see what is already
being supported and what is still missing. In particular, the table shows that while



many tools support communication, transcription, or note-taking, very few are de-
signed to actively balance participation in group discussions. It also shows existing
tools often focus more on productivity and documentation rather than how people
verbally participate during group work. This is relevant for the project, since it
helps show the gap that our prototype is trying to address.

Unlike the other tools in the table, ChatGPT is included as a more general purpose
Al system that supports both voice and text interaction. Tools such as Zoom Al, Mi-
crosoft Copilot, Otter.ai and Fire ies are designed to assist users during meetings
or conversations, but they each do so through different forms of support, such as
communication assistance, transcription, note-taking, or meeting summaries, but
they are not aimed at actively balancing participation within the group. This is
addressed more directly in the research prototype Micbot [36] and Virtual Mod-
erator [3]. As shown in the table none of the existing technologies, including our
prototype from 9th semester, cover all three capabilities in being customisable, able
to transcribe conversations, and able to balance participation. Therefore, our pro-
totype was developed to address this gap by combining these features.



Chapter 3

Design Science Research Approach

In the following chapter we present the Design Science Research methodology
along with our approach. The methodology and process model outline the ap-
proach we applied to design and develop our solution.

3.1 Design Science Research

In order to answer our research question we decided to use Design Science as
our research approach. Design Science Research (DSR) is a problem solving re-
search paradigm within Information Systems (IS) that focuses on addressing rele-
vant problems through the design and evaluation of artifacts [13]. This approach
is relevant to the project, as the aim is not only to understand participation imbal-
ance, but also develop and evaluate an Al-based prototype that can address this
issue. DSR formalises a build-and-evaluate cycle, where the artifact is designed,
tested, and re ned based on what the evaluation reveals. This approach suited our
problem area by rst building a prototype and later assessing it with PBL groups.
Furthermore, the six-activity process model provides a stepwise structure from
problem identi cation to a tested artifact, making the research process simple and
each activity produces an output meant for the next activity. Finally, this project
builds directly on our 9th-semester project [1], which was also conducted using
the DSR framework. Continuing with the same methodology allowed us to treat
the current project as a second iteration through the same cycle, re ning both the
problem and the artifact in response to what the rst iteration revealed.

3.2 Design Science Research Methodology Process Model

The DSRM Process Model (shown in 3.1) is a framework proposed by Peffers et al.
[30] for conducting IS research. The model structures the relevant steps necessary



to conduct in DSR when applied in IS and related disciplines. The six steps are
referred to as activities. Within each activity a certain goal should be reached
before moving on to the next activity. The purpose of the model is to provide
researchers with guidance and to make sure the design process has the expected
outcome and is conducted effectively.

Figure 3.1: Overview of our interpretation of the DSRM steps. Originially proposed by Peffers et al.
[30].

3.2.1 Activity 1: Problem identi cation and motivation

The primary purpose of DSR is to create an artifact that serves as a solution to a
problem. To develop a solution it is necessary to have a thorough understanding
of the problem [30]. Therefore, the initial activity in DSR is; Problem identi ca-
tion. The focus of the activity is on de ning the speci ¢ research problem while
establishing the value and purpose in developing a solution. A useful activity
within problem identi cation is atomising the problem as complex problems often
encompass several smaller problems.

Our Problem identi cation and motivation

This project builds on a previous iteration, called the Al Team Member, which
was developed during our 9th semester project [1]. The purpose of the Al Team
Member was to explore how a voice-based Al could support PBL group work by
taking part in group discussions. The prototype could listen to the group, respond
with spoken output, support re ection, and help move the discussion forward.
However, testing showed that the Al Team Member was limited in its ability to act
as an actual group member. It could respond to the discussion, but it did not take
initiative or interact in the same natural way as a human participant. Instead, it

10



was mainly perceived as a re ective partner or discussion facilitator.

Upon re ection, we recognized that an Al Team Member only has a clear purpose
in groups where an additional voice contributes something the group lacks on its
own. We therefore decided to focus our solution on groups where uneven verbal
participation is an actual problem. Following further research and our own experi-
ences with group work, we recognised that uneven verbal participation can occur
regardless of the maturity or experience of the members, as some groups will con-
sistently have quieter members who contribute less for reasons such as introversion
or the presence of dominant speakers. In these groups, an Al facilitator that invites
guieter members into the conversation has a clear role. Therefore, the focus and
problem for this project changed to balancing and increasing verbal participation
of quiet groups or members.

The overarching problem can be atomised into several contributing factors; in-
troversion, dominant speakers, and fear of being judged. The solution should
therefore account for these factors to support more balanced participation.

3.2.2 Activity 2: De ne the objectives for a solution

The second activity requires the researchers to de ne the objectives for a solution.
The objectives should be inferred from the problem de nition established during
activity 1. The objectives should be grounded in what is feasible, what can realis-
tically be developed with the current resources and understanding. The objectives
can be expressed in quantitative terms, such as describing how the desirable so-
lution would be better than existing ones, or in qualitative descriptions of how a
new solution is expected to support problems not previously addressed. Peffers et
al. [30] emphasises that objectives should be inferred rationally from the problem
speci cations, and that this activity requires knowledge of the state of the prob-
lem, current solutions and their ef cacy. The objectives serve as criteria against the
developed solution during the later evaluation activity.

Our objectives for a solution

In order to establish objectives for a solution we conducted four interviews. We
conducted semi-structured interviews with active students familiar with the PBL
process. The semi-structured interviews allowed us to gather relevant information,
pertaining to the quiet groups and members, with the intention of recognising
patterns in the participants answers' during analysis.

11



Participants

Participants were recruited from different educational programmes; E-commerce,
Cybersecurity, IT management and Interaction design. The participants were sam-
pled from different education institutions including Aalborg University and Uni-
versity of Northern Denmark. This was done to avoid a Aalborg University-centric
PBL bias, and to ensure a broader representation of educational backgrounds. Fur-
thermore, the participants were between 25 and 29 years old. All participants were
selected with only the requirement of being active higher education students cur-
rently in a group, as this made it possible to obtain data quickly within the scope
of the evaluation. Interviewing these students from different backgrounds made
it possible to capture a broader range of perspectives. The Majority of the par-
ticipants were nearing completion of their education and therefore had substantial
experience with group work, and were asked to also draw on prior experience with
other groups. We conducted two group interviews consisting of two members each
from PBL groups along with two individual interviews, totalling six people. The
choice towards interviewing two-party groups and individuals was motivated by
scepticism towards larger groups [4], where discussion often is uneven or domi-
nated by a few participants. Interviewing an entire group at once and individual
members allowed us to collect data from two perspectives.

We consider the interview to contain sensitive questions, providing information

about their group experience could potentially make some participants uncom-
fortable. When topics are especially sensitive groups are more likely to provide
less information than individuals during interviews [11]. Therefore groups were

interviewed as the target audience of the study. Individuals were interviewed with

the expectation that it allowed the participant to be more open about their group
experience and share a different perspective.

Interview Guide

The interview guide contains questions in ve topics; verbal participation, dis-
cussion methods, knowledge sharing, Al, and collaboration tools. The questions
were based around key themes derived from both personal experience and theory.
The verbal participation questions focus on how the participants have experienced
verbal participation and where they experience friction and how it is prevented.
Additionally, questions about discussion methods were included to explore how
the participants engage and manage group discussions. Finally, questions regard-
ing Al and collaboration tools were included to investigate participants attitude
towards technological support and potential in facilitating verbal participation dur-
ing group work, especially considering the circumstances surrounding Al where
people's personal opinions can have an effect on their willingness to adopt such

12



tools [41].

Following the interviews we conducted a thematic analysis [5] for us to establish

a list of objectives and design principles for our solution before starting devel-

opment. The objectives we derived from the interviews are ownership, comfort,

unbalanced conversations, verbal inclusion, meeting structure, and Al facilitator.

All of these objectives covered issues relating to group meetings. We translated the
objectives into three design principles; DP1: Al Intervention, DP2: Safe and Open
contribution, DP3: Al as a re ective partner. The objectives and principles are

meant as guides for designing an Al facilitator, however we decided to challenge

some of the objectives, which will be described later in Design and Development
chapter.

3.2.3 Activity 3: Design and Development

The third activity is the design and development of the artifact. According to
Peffers et al. [30], artifacts can take multiple forms such as constructs, models,
methods or instantiations. Artifacts covers any designed object in which research
contributions is involved. This activity includes determining the artifacts intended
functionality, architecture and then creating the artifact itself. The ndings from the
previous activities should be used to create an artifact that addresses the identi ed
problem. The artifact should be based in existing theory as the knowledge supports
the artifacts utility.

Our design and development

We designed and developed LIFT, short for Listening and Inclusion Facilitation
Tool. The name re ects the purpose of the prototype: to listen to group discus-
sions and help lift quieter members into the conversation. The idea of LIFT was
developed as a response to the ndings from the rst prototype, where the Al was
mainly experienced as a re ective helper rather than an equal team member [1]. In-
stead of trying to make the Al act as another participant in the group, LIFT focuses
more speci cally on supporting groups by identifying moments where participa-
tion becomes uneven and encouraging more inclusive discussion. To begin the
design and development activity we relied on the objectives established in activity
2 and how they would effect the design of the prototype.

3.2.4 Activity 4: Demonstration

The fourth activity is the demonstration activity. This involves using the artifact
to solve one or more instances of the identi ed problem, for example through
experimentation, simulation, a case study or other appropriate activities depending

13



on the artifact. The purpose of the demonstration is to show that the artifact can
be applied in a realistic context.

Our demonstration

Our LIFT prototype was developed to answer the identi ed problem of uneven
and limited participation during meetings in quiet Problem-Based Learning groups
while adhering to the ndings of activity 2. Therefore, the demonstration involved
using LIFT with three PBL groups, one three-person group and two two-person
groups, in short tests meant to simulate a group meeting structure. The tests con-
sisted of two scenarios to promote a conversation among the participating groups.
The rst scenario has the participants continue working on what their group is
currently focused on. The second scenario consists of several questions making
the participating group review their past group meetings. The test and scenarios
are meant to proceed as natural group meetings where uneven participation could
happen. These test allowed us to observe LIFT's impact on uneven participation
and the groups collaboration over the course of the test.

3.2.5 Activity 5: Evaluation

The fth activity is the evaluation of the artifact. The purpose of the evaluation is to
measure and observe how well the artifact supports a solution to the problem, by
comparing results of the demonstration against the established objectives de ned
in activity 2 [30]. The evaluation can take many forms depending on the nature
of the problem and the artifact being evaluated, including comparison with the
solution objectives, quantitative performance measures, or client feedback, and it
may rely on appropriate empirical evidence or logical proof. The conclusion of
the activity is for the researchers to determine whether to iterate and redo activity
2 or activity 3 to rede ne objectives or improve effectiveness of the artifact or to
proceed to next activity; communication.

Our evaluation

We evaluated LIFT by analysing the data gathered during the demonstration and
comparing it against the design principles de ned in Activity 2. The evaluation
considered how well the design principles addressed the problem and whether
they could guide future design work. This is relevant because design principles
should not only be evaluated through the artifact they shape, but also by whether
they can be understood and reused by the intended target audience [16].
The three test sessions were analysed using thematic analysis, relying on the

session transcripts and the debrief interviews. The analysis produced four themes;

14



guality of responses, perceived role of LIFT, visual feedback, and technical friction.
Which were then compared against the design principles de ned in Activity 2. The
evaluation showed that the design direction has potential, while also exposing gaps
that the current principles did not address. Furthermore, we proposed changes to
the design principles for a future iteration.

3.2.6 Activity 6: Communication

The nal activity is communication. The activity requires the researchers to com-
municate relevant information pertaining to the problem and its importance, the
artifact and its utility and novelty, the rigour of the design, and its effectiveness.
All this information should be communicated to other researchers and relevant
audiences. Peffers et al. [30] recommends that researchers use the structure of the
DSRM process itself to structure the information being communicated, such as a
paper or presentation.

Our communication

The nal activity, communication, is addressed through this report, which docu-
ments the problem, the design of LIFT, its demonstration and evaluation, and the
design knowledge produced. The report is submitted as our master's project and is
made available in the Aalborg University project library, communicating the work
to anyone with an interest in the topic.

3.3 Our adaptation of the DSRM process model

As shown in Figure 3.1, the project moves through the six DSRM activities while
allowing ndings from evaluation and re ection to inform earlier activities, such as
problem de nition, objectives, and design. The project mainly entered the DSRM
process through a problem-centered entry point. We began with the problem of
uneven verbal participation in quiet PBL groups, which became clearer through
our previous iteration the Al Team Member prototype. In that project, the Al was
not experienced as an equal team member of the group, but rather as a re ective
partner. This helped us re ne the focus of the current project from exploring Al as
a general participant in PBL group work to designing an Al facilitator that could
support quiet groups with uneven participation. The second activity, where we
conducted interviews with PBL group, helped us de ne what the solution should
support. These ndings were made into objectives such as comfort, verbal inclu-
sion, meeting structure, and Al facilitation, which we later translated into reusable
design principles [16] for Al facilitation tools. The later DSRM activities guided
the development, testing, and evaluation of LIFT. The prototype was developed
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as a verbal Al facilitator, tested in PBL meeting scenarios, and evaluated through
observations and debrief interviews. The process and ndings are communicated
through this report and its submission to the AAU project library.
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Chapter 4

Design and Development

The following chapter presents the two iterations of the prototype, including the

Al Team Member from our previous semester and the current Al collaboration tool

LIFT. The results of initial interviews and thematic analysis to establish objectives
for a solution are presented, along with derived design principles for developing a

verbal Al collaboration tool to shape inclusive group meetings.

4.1 First iteration

This section describes the 9th semester project iteration and outlines how the
phases of the Design Science Research Model were carried out. It presents the ob-
jectives, design principles, implementation, and evaluation of the prototype, and
concludes with re ections that guided the next design steps toward speci ¢ partic-
ipation challenges in group work. The purpose of this iteration was exploratory, to
gain hands-on-experience collaborating with an Al Team Member in our own and
others PBL group work [1].

4.1.1 Objectives and Design

The prototype was based on two early design principles. The rst principle was
that tacit knowledge, which is knowledge that is dif cult to articulate [29], is shared
through ongoing and natural discussion, so the Al should be able to take part with-
out interrupting the ow of conversation. The second was that trust is important
if the Al is to be accepted as part of the group, and that this trust should come
from a consistent and natural way of speaking rather than something that feels
too formal. The prototype was therefore developed as an exploration of how an
Al could take part in PBL group work in a way that supported the conversation
while still feeling like a trustworthy presence. This made it harder to design for
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speci ¢ participation challenges. The initial prototype was designed based on the
following design principles:

DP1 Tacit Knowledge: The Al Team Member should participate in group discus-
sions without disrupting conversational ow, as tacit knowledge emerges through
seamless, continuous dialogue rather than stop-and-go interactions.

DP2 Trust: The Al Team Member should build trust through consistency and nat-

ural conversational tone, not through rigid scripted responses or formal language

[1].

The rst prototype featured three pages; Setup, Meeting, and Log. On the setup
page, users could optionally upload a context le, and choose an Al voice 4.1a. The
meeting page automatically started recording when entered, and the Al responded
when the group stopped the recording 4.1b. Lastly, the log page displayed the full

conversation, and allowed users to download the transcription 4.1c.

4.1.2 Demonstration and Evaluation

The demonstration and evaluation showed a need for a more focused direction.
Because of this, the project later pivoted towards quiet PBL groups, where the
issue of uneven verbal participation became more central.
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(a) Setup Page (b) Next Meeting Page

(c) Log Page

Figure 4.1: Webapp Screens

The evaluation of that prototype pointed to several unimplemented directions for
future work. Most notably, these included strengthening the shared mental model
between the Al and the PBL group members and supporting a more natural con-
versational ow. These ndings became particularly relevant in the context of the
present project, as both issues are closely tied to how meaningfully an Al can par-
ticipate in a group dialogue.

4.2 Second iteration

This section describes the current project iteration and outlines how the steps of
the DSRM process model were carried out. It presents the objectives and design
principles derived from the interview ndings. Implementation and evaluation of
the prototype and concludes with the re ection of the entire process.
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4.3 Objectives for the Second Iteration

In order to establish objectives we conducted a thematic analysis of the interviews.
The thematic analysis allowed us to derive six objectives for our solution related to
how the interview participants organised their group work during meetings.

Ownership

The rst objective, ownership, relates to how each group member perceives their
individual contribution to the group work. The participants mentioned how when
contributing, the input or idea is often owned by an individual group member.

For example, if a group member shares their idea and it is not perceived well by

others in the group, that member tends to take it personally leading to that member

being more quiet in the future to not be judged for a poor idea by the others. One
participant said, "From my experience, it is probably that people can not separate their
ego from (...) the project and their opinions about the project, so that's what | try to do
myself." This quote points to how group members tend to tie their ego to their
opinions which could create dif culties in sharing opinions if a group member

feels like they have to protect their ego. Another participants also pointed to a
similar example “If there is someone who does not say much and then suddenly comes up
with an idea, and it gets shot down right away, then that person is probably more likely
not to do it again.” This quote shows how perceived ownership of ideas in a group
discussion can cause dif culties, by potentially making the member contribute less

in future discussion if their opinion gets rejected by the rest of the group.

Comfort

The second obijective relates to how being comfortable in the group environment

has an effect on the group balance as it relates to contributing. Participants men-
tioned how feeling safe within the group is an important factor in their ability to
contribute, “You kind of feel safe. (...) | mean, it is also that, you know, there are no
stupid questions, and you do not feel like there is such a thing as bad input.” A different
participant also mentioned how imbalance within the group can lead to more quiet
members, “(...) then it is more the two who speak loudly who make more of the decisions,
while the two who are a bit quieter do not get their ideas put forward, maybe because they do
not dare to say it, or don't say it loudly enough.” The participant explained a scenario
closely resembling one they had experienced, showcasing how imbalance and an
uncomfortable environment can reduce contribution of certain members. This sce-

nario leads to a spiral of inequality [14] with increased discomfort and increased
imbalance.

Unbalanced Conversations
A minor objective that emerged during analysis was unbalanced conversations.
This refers to how group members can be left out of group conversations, in-
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tentionally and unintentionally. A participant pointed to their personal view of
imbalanced conversations in a group setting, “I would feel bad if | just sat talking with

one other person the whole time, and the two others didn't really get heard or did not con-
tribute themselves.” This quote highlights how group imbalance appears and how it
affects all members in a group by both making dominant members ‘feel bad' and
members more quiet.

Verbal Inclusion

Verbal inclusion appears as something participants see as important, but also some-
thing that does not just happen on its own. As one participant explains, “it is

dif cult to involve everyone all the time (...) you cannot just pull things out of people,”
which points to the dif culty of involving everyone in practice. At the same time,

there is a clear desire to improve this, as the same participant expresses: “l would
like to get better at making everyone contribute.”

Meeting Structure

Meeting structure appears as a subtle but important way groups try to support
their collaboration. Participants describe how they often rely on simple structures

to guide their discussions, for example “I think maybe we just have a xed agenda,”
and “we might have written down some bullet points.” These structures seem to func-
tion as a way of creating direction and keeping the group focused during meetings.

Al Facilitator

The role of Al is described as supportive, but not dominant, in group work. Par-
ticipants point to several potential uses, such as helping to structure discussions,
generate ideas, and document what has been said. For example, one participant
suggests that Al could “try to set the arguments up against each other internally,”
while another highlights that “it is good at coming up with ideas.” This shows that Al

is seen as something that can contribute to the content of the discussion, especially

in terms of inspiration and overview.

4.3.1 Second lteration Design Principles

The design of LIFT was grounded in both the related work and the ndings from
the interviews. A central design decision was to use LIFT as a facilitator rather than
an equal team member. The evaluation of our previous iteration showed mainly
that the Al was experienced as a re ective helper, not a full participant in the group
[1]. This also aligns with related work on Al and chatbots. For example Kim et
al. [19] and Bagnar et al. [3] show how chatbot moderators can support group
discussions by managing time, summarising points, and encouraging members
who have contributed less to take part.

LIFT was also designed to support quieter members without restraining dominant
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speakers in a group. This decision builds on ideas that quiet members are not
necessarily unwilling to share knowledge, but may need better openings to enter
the conversations [15]. Therefore, LIFT focuses on inviting less active participants
into the discussion rather than focusing on the dominant speakers. The invitations
are kept indirect and low pressure. Instead of naming a specic person, LIFT
asks the group whether there is other perspectives or if someone wants to add
something. This is supported by Do [7], who points out that prompts aimed at
under contributing members should be designed carefully, so they do not make
the person feel exposed in front of the group.

Based on our design principles from last semester and the six objectives from the
thematic analysis, we developed a set of new design principles to guide the next
iteration. The ve criteria of reusability [16] were used during this process to im-
prove the design principles. This involved re ning the principles so they were
understandable, relevant, actionable, and useful as guidance for the intended tar-
get audience. The design principles function as guidelines for the construction of
conversational Al tools for verbal participation during group work.

DP1. Al Intervention The system should support balanced conversations by ac-
tively inviting quieter members to contribute. These invitations should occur when

participation is uneven or during pauses in the discussion. The invitations should
be low-pressure questions for either the group or directed at quiet members.

DP2: Safe and Open Contribution The system should treat all input as valid and
promote open constructive communication. The system should use neutral and
inclusive language without disrupting conversational ow. The system should
limit exposing or labelling based on participation level.

DP3: Al as are ective partner The system should support the group as a re ective
facilitator by helping participants articulate and build on their ideas. The Al should
guide the discussion forward by highlighting different perspectives, summarising
points and help the group explore new angles.

4.4 Technical Implementation

The second iteration of the prototype focused on making the system more user-
friendly and closer to an actual meeting situation. The entire interface was re-
designed using Claude Design, which helped create a more polished and struc-
tured layout. Technically, the prototype was built with a React frontend and a

Node.js/Express backend and developed into a full-stack web application that
could support live meetings. It combines audio recording, transcription, participa-

tion activity and Al-generated responses. This made the system more interactive,
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as it could visualise how speaking activity was distributed during the discussion
and make participation patterns more visible to the group.

Frontend technologies

React: is a JavaScript library used for building user interfaces through components
[40]. In the prototype, React was used to divide the interface into smaller reusable
parts, such as the meeting page, setup page, transcript log, and insights page. This
made the frontend easier to structure and further develop.

JSX: is a syntax extension used together with React. It allows interface elements
to be written in a format that looks similar to HTML, while still being part of
JavaScript [31]. This made it easier to create and organize elements such as the
LIFT orb, participant circles, buttons, and activity indicators

Vite: is a frontend build tool and development server. It supports a faster de-
velopment process by quickly updating the application when changes are made
[38]. In this project, Vite made it easier to test and adjust the prototype during the
development iterations.

CSS: is used to control the visual styling of a web interface. In the prototype, CSS
was used to de ne layout, colors, icons, navigation, and responsive design. It also
helped communicate speaking activity through visual states, such as changes in
the participant circles, instead of only showing numerical data.

Backend Technologies

NODE.js: is a JavaScript runtime environment that makes it possible to run JavaScript
outside the browser.[28].

EXPRESS: is a lightweight web framework for Node.js, which handles the com-
munication between the frontend and backend through API request [10].

OpenAl API: The OpenAl API was used as the external Al service in the prototype.
In LIFT, it supported the main Al-based functions, including transcribing meeting
audio, generating facilitation responses, analysing participant activity, and creating
audio responses. This means that the prototype did not run the Al models locally,
but instead sent relevant input, such as transcript data, to the OpenAl API and re-
ceived processed outputs in return. Describing these API calls is also important for
reproducibility, as it clari es which parts of the prototype depend on external Al
services and how data moves between the interface, backend, and OpenAl models.
The owchart in gure 4.2 provides an overview of this API-based structure and
shows how the different calls support the prototype's interaction ow. The full
API call overview can be found in Appendix A.
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Figure 4.2: API calls for Voice interventions

4.4.1 Key Functionalities

Compared to the previous iteration, the prototype was redesigned to support a
better meeting experience. The existing ow of setup, meeting, and log pages was
kept, but a new insights page was added to support re ection after the meeting.

The user interface is now organised into four main pages: setup, meeting, log, and
insights.

Setup page

Figure 4.3: Setup page

The Setup page is the rst page of the prototype and works as a preparation step
before the meeting begins. Here, users can choose the main settings that shape the
meeting experience. They can select how many people are joining, decide whether
the meeting should be in English or Danish, and choose the voice LIFT will use
during the session. Users can also listen to a short voice preview, so they know
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what the Al facilitator will sound like before the meeting starts. By placing these
choices on the Setup page, the prototype helps the group prepare in advance and
enter the live meeting more smoothly.

Meeting page

Figure 4.4: Meeting page

The Meeting page is the main part of the prototype and is used while the meet-
ing is happening. Here, LIFT supports the group during the discussion without
taking too much attention away from the conversation. The page shows LIFT as
a circular orb, which helps users understand what the system is doing, such as
listening, preparing a response, speaking, or being paused. Users can control LIFT
by pressing the red orb to get a response, or by waiting for it to give a response
when it detects silence. The page also shows the participants as circles, based on
the number chosen on the Setup page. These circles give a simple overview of how
active each person has been in the discussion. The circles are shown after LIFT
gives a response and works as a small intervention. It can encourage less active
participants to speak more, while also reminding dominant speakers to step back
and give others more space which can also be seen through a toast message when
hovering each circle (shown in 4.4). Under the Meeting page, there is also a list of
LIFT's previous responses. Users can see what LIFT has said during the meeting
and listen to the responses again if needed.
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Log page

Figure 4.5: Log Page

The Log page is used after the meeting to review what happened. While the
Meeting page supports the live discussion, the Log page lets users look back at
the conversation and LIFT's responses. On this page, users can see the meeting
transcript in order, with each entry connected to a participant label such as P1 or
P2. LIFT's responses are also included, so the group can see both what was said by
participants and how the Al supported the discussion. The Log page also makes it
possible to download the transcript as a text le. This allows the group to save the
meeting to re ect on it afterwards.
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Insight page

Figure 4.6: Insight Page

The Insights page is used after the meeting to help the group re ect on how the
discussion went. It builds on the transcript by showing how much each participant
contributed and whether the conversation was balanced. The main visual feedback
is a pie chart that shows each participant's speaking percentage. Users can also see
how many words and sentences each person said during the meeting. In addition,
the page shows three short sentences for each participant, summarizing what they
contributed to the discussion.

45 Re ections

The Following re ections describe how the second iteration of LIFT changed our
understanding of how an Al facilitator can support verbal participation in quiet
PBL groups. These re ections concern both the role of LIFT and its behaviour.

From participation support to participation awareness

A central re ection from the second iteration is that LIFT does not only intervene
through what it says, but also through what it makes visible. In the rst prototype,
the Al mainly supported the group through verbal responses and a transcript log.
However, this gave the group limited support for understanding how participation
was distributed during the meeting. In the second iteration, participation became a
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more explicit part of the interface through participant circles on the Meeting page
and a more detailed overview on the Insights page.

This changed the role of the prototype from only being a conversational tool to
also being a re ective tool. The system could now show the group patterns that
might otherwise remain unnoticed, such as one participant speaking much more
than the others.

Conditional Al interventions

The previous solution did not track how many participants attended the group
meetings, who was speaking, or how participation was distributed within the
group. Re ecting on this limitation, we have now introduced these capabilities,
enabling the Al to better understand the group context and more meaningfully
respond to participation imbalance in PBL groups.

Direct versus indirect Al behaviour

A re ection from the design process was that LIFT had to support participation
without making the intervention feel too forceful. Since the prototype gives feed-
back on speaking activity, there was a risk that the feedback could feel like a public
evaluation of who had or had not contributed enough. Because of this, the design
moved toward indirect interventions, where LIFT addresses the group as a whole
rather than pointing to a speci c participant

This also shaped how participation was visualised. The participant circles and
Insights page were not intended to judge individual performance, but to make
participation patterns easier for the group to notice and re ect on. In this sense, the
design uses indirect cues rather than direct correction. This made the intervention
softer, but it also means that the group has to interpret and act on the feedback
themselves.

Limits of verbal participation as a measure

A nal re ection is that LIFT mainly supports and measures verbal participation,
even though group work also happens through other forms of contribution. A par-
ticipant who speaks less may still support the group by listening, writing notes or
contributing through shared documents. This means that the prototype can make
speaking patterns visible, but it cannot fully explain the quality of collaboration in
the group.

Because of this, the participation data should not be understood as a complete
evaluation of each participant. Instead, it should be seen as a starting point for
re ection. The purpose of the insight page therefore not to decide who contributed
more in the group, but to help the group notice whether verbal participation was
balanced enough for different perspectives to be heard.
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Chapter 5

Demonstration

This chapter presents the demonstration of LIFT. We conducted three test sessions
with two- and three-person PBL groups. The chapter describes the participants
and how they were recruited, the setting and equipment used, the two scenarios
participants worked through, the procedure of tests, the structure of the debrief
interview that followed, the data collected, and lastly a few ethical considerations.
The ndings of the demonstrations are presented in the following Evaluation chap-
ter.

5.1 Test Setup

The sessions were conducted in a situated context, with each group testing the
prototype in a meeting room or group room. Two of the three groups (Groups B
and C) were tested in a meeting room. Group A was tested in their own group
room, at their own table. In hindsight, using each group's own room would have
been preferable, but this was not arranged in advance for Groups B and C, however
it did not seem to have a noticeable impact on the tests.
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