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Abstract
In response to the impact of COVID-19, the manufacturing industry and academic industrial research have largely
shifted to online or hybrid conference formats. The sudden change has posed challenges for researchers and teams
to adapt. Based on the current state of online conferences, inadequate communication, disruptions during meetings,
confusion and loss of meeting information, and difficulties in conducting online collaborations are observed. This
paper presents a design of a real-time discussion board that combines online conferences and synchronous
discussions to address the issues arising from remote collaborations in industrial research. The research demonstrates
that synchronous discussions conducted within multi-team industrial collaboration teams with specific and diverse
issues can better control the flow of meetings, enhance meeting efficiency, promote participant interaction and
engagement, reduce information loss, and weaken the boundaries between online and offline collaboration.
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1 Introduction
In the context of the ongoing digital transformation of
work and research, it is necessary to improve existing tra-
ditional processes and collaboration models to enhance re-
search efficiency and promote teamwork in academic re-
search domains [1]. Contemporary industrial research of-
ten relies on multidisciplinary collaboration [2]. With the
continuous advancement of information technology and
the impact of COVID-19, online collaboration modes are
gradually being popularized across various fields. To meet
the evolving demands of remote work, this study proposes
an optimized design for online meeting information and
processes, aiming to address the challenges encountered
in remote collaboration among multiple teams within the
industrial framework. Research indicates that large-scale
virtual writing and innovation are complementary, and im-
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proved information technology can enhance virtual col-
laboration among teams and potentially enhance innova-
tion capabilities [3]. Although maintaining persistent at-
tention and facilitating meaningful interaction among par-
ticipants in an online environment remains challenging
[4, 5], online meeting software continues to be the primary
means of remote collaboration in academic industrial re-
search. Furthermore, the blurring of boundaries between
online interaction and offline collaboration in online col-
laboration is a positive development for research and de-
velopment processes that heavily rely on interactive com-
munication [6].

Effective communication and interaction during online
meetings play a crucial role in enhancing meeting effec-
tiveness [7]. The absence of body language and eye contact
in online meetings can lead to feelings of isolation among
participants, thereby reducing their willingness to speak
up and engage in interaction [8–10]. The voice communi-
cation in online meetings does not support multi-person
discussions, and live chat can address this limitation. How-
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ever, participants do not always find live chat conver-
sations consistently effective [11]. Interaction in online
meetings encompasses three aspects: interaction among
participants, interaction between participants and presen-
ters, and interaction between participants and meeting
content [12]. However, as the number of participants in-
creases, the information conveyed through real-time chat
may become complex, making it difficult to extract rel-
evant information. Compared to face-to-face meetings,
participants in online meetings may engage in a significant
amount of meaningless interaction and become distracted
due to psychological and technical factors [13, 14]. Fur-
thermore, participants in online meetings often require
more effort, which can lead to listener fatigue [15, 16]. De-
spite the inherent challenges of online meetings, higher
education and research increasingly rely on this mode of
communication, and participants demonstrate a greater
willingness to use real-time chat technology [17, 18]. On-
line discussion boards are another important communica-
tion channel for online audiences. In online learning and
collaboration, discussion boards are considered tools that
facilitate content understanding and stimulate participant
discussions and critical thinking. However, to achieve the
intended purposes of supporting learning goals, discus-
sion boards need a clear structure and purpose [19]. Due
to prolonged waiting times, many attendees are reluctant
to ask questions and participate in discussions on asyn-
chronous discussion boards [20].

As stated above, this paper will primarily focus on opti-
mizing and designing communication and interaction pro-
cesses in online meetings and collaboration. It is evident
that traditional face-to-face education/collaboration and
asynchronous discussion approaches are not suitable for
online teaching and research [21]. Asynchronous discus-

sions have longer response cycles and are more suitable for
researchers to address complex and specific issues [22]. By
combining synchronous and asynchronous discussions,
effective interaction can be fostered among participants,
and a multi-threaded discussion approach can engage the
audience in discussions on different domains and topics,
thereby preventing information overload within real-time
chat boxes [23]. Moreover, when learners engage in too
many online tasks synchronously during online meetings,
it can have a negative impact on their mental well-being
[24]. Clearly, a one-size-fits-all approach to design real-
time discussion boards by simply considering synchronous
and asynchronous interaction modes is not advisable.

After reviewing the advantages and disadvantages of
current online meetings and collaboration, the structure of
this paper is as follows: Section 2 elaborates on the main
methods used in the research, including state machine di-
agrams of the interaction process, interview methods, de-
sign processes, and approaches. Section 3 expands on the
corresponding discussions based on a human-centered de-
sign approach and presents the final design prototype. Sec-
tion 4 discusses the main findings of the research. The last
section provides a summary of the conclusions.

2 Methodology
2.1 Visualization of interactive processes
To facilitate the effective design of a real-time discussion
board, it is crucial to conduct focus group discussions.
Additionally, analyzing the discussion and collaboration
process within online meetings and visually representing
it through a state machine diagram can provide a more
intuitive understanding. Figure 1 illustrates the decision-
making process when determining whether to initiate an

Figure 1 Real-time discussion board state machine diagram
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online discussion in response to a question raised dur-
ing each online meeting. Once the current issues have
been identified, if a collaborative problem involves multi-
ple teams, the discussion method needs to be determined
based on the number of relevant groups involved. Follow-
ing the online collaborative discussion, if the problem re-
mains unresolved, it should be escalated to the leader for
resolution. Finally, after the meeting concludes, the dis-
cussion content and meeting recording should be synchro-
nized and uploaded to the asynchronous discussion board
to maintain a record of the problem and enable ongoing
discussions.

2.2 Interviews and questionnaires
At the outset of the study, a simple questionnaire survey
was conducted to gain a broader understanding of on-
line participants’ attitudes towards communication behav-
ior and the usage of discussion boards in online meetings.
Recognizing that the presence of teachers and team leaders
in focus group meetings may inhibit students and mem-
bers from expressing their true opinions, a separate online
interview method was employed for the hosts of the online
meetings.

In order to ensure the collection of real feedback and
needs from all target users, this study conducted individ-
ual interviews with industrial R&D team leaders and rel-
evant course instructors, which is to understand project
leaders’ needs and existing flaws in online team collabora-
tion platforms. The two interviewees are an instructor who
often organizes students to conduct teamwork in industry-
related online courses and a project team leader in an in-
dustrial laboratory. The respective areas of expertise are
industrial design and software development.

Upon comparing the responses of the two interviewees,
it was found that both acknowledged initially paying ex-
cessive attention to the online platform, resulting in more
time spent than anticipated. They also expressed dissat-
isfaction with the lack of intuitiveness in the information
presentation method of live chat. Nevertheless, the inter-
viewees maintained an optimistic outlook on live chat and
proposed new designs for the online meeting process by
integrating the existing discussion platform with online
meetings. Neither interviewee had the habit of reviewing
the live chat once the meetings concluded. Furthermore,
based on the interviewees’ responses, it was observed that
despite the designed online meeting process, more than
half of the meetings did not adhere to the specified pro-
cess. It is apparent that both audiences and leaders exhibit
their unique communication and questioning styles during
online meetings or collaborations. Designing a more sta-
ble online conference interaction method is an inevitable
trend in the realm of online meetings and collaborations.

2.3 Workflow setting
During the initial focus group meeting, participants will
engage in a comprehensive review and in-depth discussion
of the procedures and potential scenarios associated with
their inaugural utilization of online meetings and an on-
line discussion board. A qualitative analysis will be con-
ducted, followed by a thorough examination of the validity
and limitations of the pertinent scenarios. Subsequently,
the group will proceed to formulate the prototype design.

Subsequently, in the second focus group meeting, the
design’s concept and primary functionalities will be pre-
sented to the participants in a comprehensive manner,
aiming to demonstrate the design prototype as thoroughly
as possible. Feedback will be sought from the second fo-
cus group, specifically concerning the real-time discussion
boards, and recorded for future reference. This feedback
will serve as a foundation for finalizing the design of the
real-time discussion board prototype, as a substantial por-
tion of the design concepts and inspirations have been de-
rived from the focus group’s feedback on their experiences
with relevant courses and manufacturing processes.

2.4 Design and analysis
The primary objective of this article is to enhance the qual-
ity of discussions among participants and between differ-
ent teams in online meetings, while also improving infor-
mation visualization. Simultaneously, the research aims to
provide practical process recommendations for teaching
and manufacturing research teams utilizing the real-time
discussion board in online meetings. To achieve this, qual-
itative analysis of the real-time discussion board is con-
ducted by synthesizing the content of the initial group
meeting, conducting interviews with teachers and leaders,
addressing questions that arise during the design process,
and incorporating insights from online discussion boards
in relevant courses. The central purpose of this analysis
and discussion is to identify and summarize the key ac-
complishments of the real-time discussion board in prac-
tical applications, as well as the potential advantages that
the new design may bring to online meetings, employing
qualitative research methods.

3 Design and evaluation
3.1 Focus group meetings
First, in order to make the focus group discussion more
general and be able to deal with special situations, the
group members were selected from those who participated
in relevant R&D courses and research groups. Two of the
participants were from the same lab, while the other two
collaborated, usually online. Additionally, one of the par-
ticipants was in a different time zone than the other three.
Therefore, in order to ensure that the real-time discus-
sion board can be used in both synchronous and asyn-
chronous ways, focus group members choose to make as
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diverse choices as possible. At the same time, in order to
avoid embarrassing discussions, the focus group avoided
the leader of each group.

During the initial focus group meeting, participants
unanimously acknowledged the effectiveness of the on-
line discussion board and collaboration platform, specif-
ically the Miro board, in promoting collaboration and in-
teractivity. However, disagreements arose when it came to
conducting synchronous discussions simultaneously with
online meetings. Two participants expressed difficulties in
swiftly transitioning between different software platforms
for communication and interaction, particularly on mo-
bile devices. Conversely, two other participants found that
the real-time discussion board stimulated their desire to
learn and communicate. One participant, due to jet lag and
asynchronous work schedules, was unable to actively par-
ticipate in synchronous discussions. Moreover, all partic-
ipants agreed that using voice communication for discus-
sions during online meetings proved challenging. Never-
theless, all four participants acknowledged the benefits of
synchronous discussions in the context of online meetings.
Those who utilized multiple software platforms to achieve
synchronous discussions felt that incorporating additional
software increased their cognitive load.

Based on the initial focus group meeting, it is recom-
mended to design the real-time discussion board to sup-
port both synchronous and asynchronous communication
modes, catering to different online participants and en-
hancing interaction. To address the cognitive load asso-
ciated with using multiple software platforms, integrating
the discussion board within existing online meeting sys-
tems, such as a live-chat area, is suggested. This integration
would streamline the user experience and promote seam-
less interaction.

The purpose of the second focus group meeting was
to discuss and evaluate the rationale behind the design

concept, aiming to identify potential shortcomings. One
participant questioned the effectiveness of combining
synchronized discussion content with video footage and
expressed concerns about retrieving relevant discussion
video recordings. However, overall consensus among the
group favored integrating real-time discussion boards into
online meeting software to improve efficiency and simplify
information sharing. This indicates significant potential
for optimizing the online meeting experience through em-
bedded discussion boards.

3.2 Design prototype
The design prototype aims to integrate the discussion
board into online meeting software, taking the Zoom
meetings as example. Based on the feedback from on-
line group members, this integration is expected to sig-
nificantly reduce the participants’ workload during online
meetings.

Figure 2 showcases the final design scheme, incorporat-
ing real synchronous discussions and collaborations. Un-
like the original approach of using separate discussion soft-
ware within an online meeting, the real-time discussion
board offers three key differences. Firstly, since the discus-
sion board is embedded within the meeting software, the
send button allows participants to share regular live-chat
information, while the generate discussion button creates
a discussion/question area within the real-time discussion
board. Selected questions posted to the discussion board
can be further deliberated upon by all members or teams,
leading to the decision of whether to establish a new online
group for discussion. If the issue is resolved, the discussion
can continue asynchronously. However, if any unresolved
issues persist, the involvement of a leader or teacher will be
necessary. The system also records the specific time when
relevant problems are resolved, and after the meeting, the
jump button allows participants to easily navigate to the

Figure 2 Real-time discussion board final design
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corresponding discussion recording area. Unlike informa-
tion exchanged through regular live-chat boxes, the em-
bedded discussion board system within the conferencing
software also enables the preservation of these questions
and discussions for subsequent asynchronous collabora-
tion and discussion after the online meeting.

3.3 Design & qualitative analysis
With the gradual easing of travel restrictions, many on-
line meetings are transitioning into hybrid meetings, com-
bining both online and offline collaboration. However, for
teachers and leaders, hybrid meetings can present chal-
lenges in terms of balancing the dynamics between online
and offline participants. Conducting mixed sessions with
speakers in such meetings can increase cognitive load, and
the host may find themselves needing to repeat informa-
tion multiple times [25]. Against this backdrop, this study
undertakes the design of real-time discussion boards to en-
hance control over the meeting process and improve par-
ticipants’ communication experience during online meet-
ings. Additionally, the study offers valuable recommenda-
tions for optimizing the communication process in on-
line meetings, particularly in the context of manufacturing
processes and research.

4 Discussion findings
Having completed the final design and considering rele-
vant user feedback, the following four primary advantages
of a real-time synchronous discussion board have been
identified and are further discussed.

(1) Leveraging real-time discussion mode can
significantly assist meeting organizers in managing
the flow of meetings and improving the overall
fluency and effectiveness of online meetings.
Through synchronous discussions, nearly all online
collaborative processes and issues are integrated
within the discussion board. This centralized
platform enables efficient problem-solving and
collaboration among teams involved in industrial
processes, thereby enhancing their ability to address
related issues and expediting research progress.

(2) For participants, engaging in in-depth discussions
on complex problems, particularly within industrial
manufacturing conglomerates with different tasks,
can be challenging to maintain effectively through
real-time chats alone. In such cases, employing a
discussion board that implements multi-threading
and multi-level information representation methods
is advantageous. This approach allows the
separation of relevant discussion domains based on
different issues, enabling participants to engage in
detailed discussions through a multi-level
conversational mode.

(3) The use of a discussion board helps alleviate the
issue of overlooked information by presenting
information in a more prominent and intuitive
manner to all participants through a multi-level,
multi-threaded data structure.

(4) The design of the discussion board incorporates
both synchronous and asynchronous discussions,
thereby retaining the benefits of both modes. This
approach ensures that the content of discussions and
the collaborative process can continue to engage
participants even after the meeting. As a result, it
significantly reduces the perceived boundaries
between online collaboration and offline work. This
overall collaborative approach represents a positive
and robust development in the manufacturing
industry and industrial research field, as it promotes
smoother and more effective exchange of thoughts
and knowledge across various backgrounds.

The present study primarily focuses on exploring the
crucial role of synchronous discussions in online meetings
and collaborations. Furthermore, it is imperative to ad-
dress the emotional states and individual needs of partici-
pants in online meetings and collaborations. Thus, an es-
sential area that requires attention is the incorporation of a
more Human-Centered approach to requirements analysis
in future research and design endeavors. The advancement
of artificial intelligence provides opportunities to explore
the utilization and significance of natural language pro-
cessing technology in online/hybrid meetings, thereby fa-
cilitating convenient research practices and fostering mul-
tilingual cooperation. Hence, future considerations should
be given to leveraging the evolving capabilities of artificial
intelligence and natural language processing technology
to enhance the efficiency and effectiveness of online/hy-
brid meetings, while accommodating the diverse linguistic
needs of participants.

5 Conclusion
By addressing the current limitations in communication
during online meetings within university industrial re-
search and manufacturing processes, this study identifies
the drawbacks of live-chat, including information confu-
sion, difficulty in locating important information, chal-
lenges in preserving information, and potential interfer-
ence for the meeting host. To tackle these shortcomings,
the paper proposes the implementation of a discussion
board to regulate real-time chat behavior during online
meetings. Through the development of this real-time dis-
cussion board, the research asserts that by standardizing
textual information exchange in online meetings, better
control over meeting progression can be achieved, en-
hancing participant interaction, reducing the risk of infor-
mation loss, and bridging the gap between online and of-
fline work styles. Furthermore, this paper provides recom-
mendations for the online collaboration team to effectively
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manage meetings. Emphasizing the importance of meet-
ing interaction and communication processes, the design
of online meetings should prioritize participants’ engage-
ment to ensure their interaction needs are met adequately.

6 Further work
Recently, with the emergence of artificial intelligence such
as chat-GPT3 and other generative artificial intelligence,
more novel forms of online cooperation may be possible.
For example, an intelligent assistant can be used for online
collaboration and automatic translating during meetings.
Therefore, if artificial intelligence assistants of different co-
operation systems can be trained in the form of online co-
operation, it will have a great improvement and benefi-
cial impact on future remote collaborative operations and
meetings. Therefore, future design will focus on the effec-
tive combination and application of artificial intelligence
and online collaboration.
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