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Chapter 1: Introduction

Video conferencing enables interactions when individuals are geographically distant from each
other. The outbreak of COVID-19 accelerated the adoption of video conferencing platforms,
with Zoom experiencing a significant surge in its user base during early 2020 (Zoom Video
Communications, 2022). Within this context, English plays a critical role as the primary
communication medium, particularly in international collaborations (Rao, 2019). Moreover, the
use of English has become the standard for formal meetings involving groups consisting of
individuals with diverse native languages (Gao & Fussell, 2017). As a result, English has
become the primary language for communication in teams of non-native English speakers

(NNES) and native English speakers (NES) in video conferencing settings.

However, NNES often experience confusion when communicating with NES in English
on video conferencing platforms due to language barriers and discussions involving unfamiliar or
unusual content (Annisa, 2022; Van der Zwaard & Bannink, 2014, 2016, 2019, 2020; Ying et al.,
2021). This issue of confusion was particularly noticeable in video conferencing settings because
NNES were more reluctant to seek clarification compared to textual chat-based communication.
In the video conferencing platforms, NNES were concerned about losing their face or appearing
less competent when asking for clarification during video calls (Van der Zwaard & Bannink,
2014). Consequently, they hesitated to request clarification and the confusion often remained
unresolved. As the NNES refrained from seeking clarification, it also adversely impacted their
ability to perform a task that required a clear understanding (Van der Zwaard & Bannink, 2016).
This behavior is also observed among English as a Foreign Language (EFL) students, a subgroup
of the NNES population, who experience difficulties comprehending and expressing themselves

in English due to a lack of confidence and fear of making mistakes (Annisa, 2022; Sayuri, 2016;
1



Ying et al., 2021). Consequently, NNES individuals may not always express their confusion to
NES individuals. Without NNES’ clear requests for clarification, although NNES need
assistance in resolving confusion, NES individuals may misinterpret NNES individuals' facial
expressions and behavior, overlooking their underlying confusion (He et al., 2017; Murali et al.,
2021; Van der Zwaard & Bannink, 2020). As a result, successful collaboration between NES and
NNES individuals has been hindered because of a lack of NES’ understanding of how well
NNES understood the NES’ speaking and what made NNES fail to understand it (Gao et al.,

2015).

Therefore, | proposed a way to help NES enhance the understanding of NNES
individuals' expressions of confusion while communicating with them in a video conferencing
meeting and facilitate communication to be smoother and more efficient. To enhance
communication between NES and NNES, previous research has explored various features and
assistive tools in video conferencing platforms, including automated transcription, subtitles, and
dialogue agents (Duan et al., 2021; Gao et al., 2015; Guo & Inoue, 2019; Pan et al., 2009, 2010).
However, the solutions of these studies were reported that they still have limitations in
effectively addressing NNES' confusion (Duan et al., 2021; Gao et al., 2015; Guo & Inoue, 2019;
Pan et al., 2009, 2010). For example, using subtitles, transcriptions, or group-shared
transcriptions has been shown to improve NNES' comprehension, and ability to follow
conversations in audio or video conferencing settings (Echenique et al., 2014; Gao et al., 2014;
Hautasaari & Yamashita, 2014; Pan et al., 2009, 2010). On the other hand, part of NNES
struggled to concentrate on both reading transcripts and listening to conversations, NNES
reported that the inaccuracies in the transcripts further hinder comprehension, NNES continue to

feel nervous to proactively resolve their confusion, and their requests for clarification might still



be easily overlooked (Echenique et al., 2014; Hautasaari & Yamashita, 2014; Pan et al., 2009,
2010). During an in-person one-on-one conversation, communication agents that prompt NNES
to speak when both NES and NNES are silent have also facilitated NNES' participation (Guo &
Inoue, 2019; X. Li et al., 2022). However, NNES individuals may still hesitate to ask for
clarification due to concerns about their reputation (Annisa, 2022; Van der Zwaard & Bannink,
2014, 2016). Duan et al. (2021) developed an agent that interrupts NES-NNES conversations
when it detects challenging vocabulary for NNES, asking for clarification on their behalf. This
approach successfully motivated NES to provide further explanation. However, this agent can
only assist with vocabulary-related questions and is limited by the number of vocabulary entries

saved in its database (Duan et al., 2021).

A facial expression recognition tool was considered as a potential solution in my study
that could detect NNES’ confused moments and inform NES of the moments. When it is
incorporated into a video conferencing platform in the future, it would be able to automatically
detect confusion among NNES and send notifications to NES, highlighting the moments of
confusion that the NNES faces. This facial expression recognition technology would be a useful
alternative for those NNES who are unable to resolve their queries through transcripts or directly
ask questions to the NES for clarification. Although a video conferencing platform offered facial
expression recognition solutions to support monitoring audience confusion. There is a lack of
exploration regarding its effectiveness in the group work video conferencing scenario and its
ability to facilitate conversations, particularly between NES and NNES (Murali et al., 2021).
Researchers have not yet studied using facial expression recognition technology in a video

conferencing setting to detect NNES’ confused faces.



The limitations observed in previous research include NNES hesitating to ask for
clarification and NES misunderstood NNES' confused body language expression. This study
aimed to investigate whether facial expression recognition technology can help NES identify the
moments of confusion that NNES faced during their group meetings on a video conferencing. In
this research, | defined confusion as an emotional state that arises from a blend of feeling
unfamiliar and experiencing difficulty in comprehension (Silvia, 2010). The investigation of
NNES' confusion is not confined to language-related issues. A variety of triggers including
performing tasks and using video conferencing software were investigated to understand the
confused expressions exhibited by NNES and how both NES and NNES employ communicative
strategies to resolve the instances of confusion during the group meetings. The confused

expressions investigated in this study included any verbal and non-verbal expressions.

In this thesis, | recruited NES and NNES and used a facial expression recognition tool.
The primary objective was to investigate how NES and the facial expression recognition tool
perceived and detected the confused emotions of NNES and compare the accuracy of the tool
with that of the NES in recognizing the moments of NNES’ confusion to propose the potential of
using the facial recognition technology in a group video conferencing with NES and NNES. |
further investigated how the awareness of the NNES’ confusion affected NES in recognizing
NNES’ confusion and modifying their communication approach with NNES. Furthermore, the
analysis of the individual interviews with both NES and NNES participants shed light on their
perspectives towards using facial expression recognition technology in a video conferencing

setting.



1.1 Research Questions

To delve into how NES and a facial expression recognition tool identify NNES' confusion during
video conferencing group meetings, and how the awareness of NNES’ confusion affected the
communication approaches that NES adapted in the following video conferencing, | proposed

the following research questions and addressed them in this study:

e RQ 1: To what extent do NES and a facial expression recognition tool recognize NNES'
confusion in communication during video conferencing?

e RQ 2-1: How does the awareness of NNES’ confusion, as perceived by NES during
video conferencing, affect the communication approach of NES when interacting with
NNES?

e RQ 2-2: How does the awareness of NNES’ confusion, identified by the facial expression
recognition tool, affect the communication approach of NES when interacting with

NNES?

1.2 Contributions

Facial expression recognition technology has undergone rapid development, emerging as a
powerful tool, while its potential in video conferencing scenarios among NES and NNES has not
been widely studied at scale (Adyapady & Annappa, 2022). Therefore, exploring the use of this
technology in a group video conferencing setting may yield important insights and benefits
including improving the video conferencing experience and meeting quality for multilingual
teams. In this thesis, | speculated that the facial expression recognition tool could be used to
improve NES-NNES communication in video conferencing by enhancing NES’ understanding of

NNES’ confused expression and promoting NES adjusting their communication approaches to



support NNES’ comprehension. While the current facial expression recognition tool used in this
thesis could not outperform the NES’ observations in the identification of the NNES’ confusion
during virtual meetings, it has laid the initial groundwork for enhancing the accuracy of the facial
expression recognition tool in confusion detection by integrating awareness of NNES’ confused

expression manners that both NES and NNES provided in this study.



Chapter 2: Related Work

The interaction between NES (native English speakers) and NNES (non-native English speakers)
during video conferencing can be hindered by confusion. This can occur because NNES
individuals may be hesitant to seek clarification, while NES individuals might misinterpret their
expressions of confusion, leading to breakdowns in communication. Confusion may arise due to
numerous factors, such as language barriers, challenges in comprehending complex content,
individual differences in cognitive processing, and diverse communication approaches among

individuals.

In this section, | delved into various threads of related work to gain insight into the
contextual background of confusion occurrences in communication between NES and NNES.
Moreover, | examined previous studies that investigated the use of facial expression recognition
technology in human interactions as a potential method to alleviate confusion experienced by

NNES individuals.

2.1 Confusion in Communication between Native English Speakers and Non-native English

Speakers during Video Conferencing

NNES often encounter difficulties in English listening comprehension (Annisa, 2022). However,
NES may overlook this language barrier and misinterpret NNES' confusion status due to various
factors, including NNES' reluctance to request clarification, NES’ misinterpretation of NNES'
behaviors, and cultural differences in facial expressions to signify confused feelings (Barrett et
al., 2019; Cordaro et al., 2018; He et al., 2017; Van der Zwaard & Bannink, 2020). Firstly, when
NNES experience confusion during conversations with NES, they tend to avoid asking for

clarification to protect their image (Van der Zwaard & Bannink, 2020). Secondly, NES may



misunderstand NNES’ confused body language expressions for two reasons. The first one was
they attributed NNES' behavior to factors other than language barriers, such as NNES'
personality traits (He et al., 2017). For instance, when NNES remain silent, NES perceived it as
shyness rather than confusion. The second one was NES tend to misinterpret whether NNES are
feeling confused or not due to cultural variations in expressing emotions on a face (Barrett et al.,
2019; Patterson et al., 2023). Cordaro et al. (2018) described that people from different cultural
backgrounds expressed confused facial expressions slightly differently. Compared to people in
the U.S., people from Korea, India, China, and Japan additionally open their mouths slightly and
drop their jaws to express confusion (Cordaro et al., 2018).

| concluded the literature review with several studies which could serve as the solutions
for NNES’ hesitancy to ask for clarification, but they all have limitations in thoroughly helping
NNES’ confusion. Subtitles, transcriptions, and group-shared transcriptions were features that
may help NNES understand the conversation without struggling to ask for clarification, and they
have been shown to improve NNES' comprehension and ability to follow NES-NNES
conversations during audio or video conferencing (Echenique et al., 2014; Gao et al., 2014;
Hautasaari & Yamashita, 2014; Pan et al., 2009, 2010). But the limitation found in providing
transcripts to the NNES was that the inaccuracy of the transcription sometimes made the NNES
have problems understanding the communication in English, which needs to be solved by better
transcription technology (Hautasaari & Yamashita, 2014). Furthermore, some NNES found it
challenging to concentrate on both reading transcripts and listening to conversations, which
served as a disadvantage of transcription (Pan et al., 2009, 2010). In addition, despite reviewing
transcripts, individuals may still have unaddressed confusion, yet they still hesitated to

proactively seek clarification and their requests were found to be unintentionally disregarded or



overlooked (Echenique et al., 2014). Consequently, a proposition arises to develop a tool aimed
at motivating NNES to ask for clarification. Guo and Inoue (2019) developed a communication
agent and tested it in face-to-face one-on-one conversations. This agent notified NNES to talk
when both NES and NNES were silent during the conversation, being proved that it encouraged
NNES to talk more in the dialogue (Guo & Inoue, 2019). Nevertheless, NNES individuals may
remain hesitant in seeking clarification, primarily because they worry about how it could affect
their images (Annisa, 2022; Van der Zwaard & Bannink, 2014, 2016). For instance, Van der
Zwaard and Bannink (2020) also studied in face-to-face one-on-one NES-NNES conversations
and found that NNES had ample chances to speak but were still hesitant to seek clarification
because they would feel embarrassed to display their imperfect English. Subsequently, a
plausible course of action would involve seeking elucidation on behalf of NNES. Duan et al.
(2021) developed an agent to ask for clarification on hard vocabularies in their database on
NNES’ behalves, resulting in encouraging NES to provide increased explanations for NNES.
However, this agent could not address questions other than difficult vocabulary due to its limited
database (Duan et al., 2021). Therefore, | would be interested in exploring a tool that can ask for
clarification on NNES’ behalves and cover all the confusion NNES would have.

Not only did NNES take actions to protect their self-image, but NES also avoided
checking comprehension with NNES to protect NNES' self-esteem (Van der Zwaard & Bannink,
2020). In this situation, NES could only rely on their observation of NNES' non-verbal
communication to identify their confusion. He et al. (2017) found that NES had a tendency to
miscomprehend the non-verbal behaviors of NNES, and NES was relatively unaware of how
profoundly language difficulties impacted NNES' behaviors (He et al., 2017). This subjective

judgment stemming from their observation has resulted in unresolved confusion or task failure in



group communication. Furthermore, NES may start to underestimate the English proficiency of
NNES in understanding communication in English based on past instances where NNES did not
comprehend certain things, like specific cultural references (Van der Zwaard & Bannink, 2020).
To mitigate NNES' confusion, NES adjusted their communication way and provided
comprehensible input for NNES in advance even if providing unnecessary comprehensible
inputs when NNES already understand the topic (N. Li & Rosson, 2012; Van der Zwaard &
Bannink, 2016, 2020). Therefore, it is crucial to send a clear signal of confusion to NES to
correct their expectations.

NES may also misunderstand NNES’ confused facial expressions because of cultural
differences. Terui and Hishiyama’s (2014) study can serve as a solution in that they suggested
that participants in a group meeting should learn about each other's cultural behaviors, attitudes,
and cognitive processes in advance to enhance communication. While this can mitigate
misunderstandings arising from the unfamiliarity of cross-cultural communication, it is time-
consuming for participants to disclose their cultural backgrounds and learn about others' cultures
ahead of each meeting in real-life settings. Therefore, | want to explore an instrument that may
help NES realize the cultural differences in expression automatically.

Unlike the approaches aforementioned, Gao and her colleagues (Gao et al., 2015)
introduced an approach that | can employ as a potential way to mitigate the confusion of NNES.
Although this article was studied in an audio-conferencing scenario, this study was instructive to
my thesis, because it addressed the absence of NES’ understanding of NNES’ confusion which
was also what | wanted to address in the video conferencing scenario. Gao et al. used visual aids
to show which parts of the conversation were being read or translated by the NNES during audio

conferencing, which helped the NES and NNES better work together. This indicates that
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displaying NNES' understanding status to NES can track whether NNES keep up with the
conversation or feel confused, and eventually assist them to have effective NES-NNES
communication. Apart from using reading transcripts and checking dictionary status as
investigated by Gao et al. (2015), directly indicating the confusion status of the NNES to NES
may be able to serve as a clear signal of areas requiring improvement in the conversation.
Although confusion is accompanied by frustration when it comes to comprehending and
resolving problems (Chen et al., 2016), | chose not to delve into the exploration of frustration in
my thesis for two compelling reasons. Firstly, unlike confusion, frustration may not always be
easily detected through facial expressions. Research by McDaniel et al. (2007) revealed that
learners tend not to visibly display frustration, possibly due to the negative associations such as
their easiness of losing control in negative situations attached to this emotion (Goldberg &
Grandey, 2007; Westaby et al., 2020). Secondly, the manifestation of confusion-related facial
expressions depends on both the dialogue and the task context (Grafsgaard et al., 2011). In
contrast, frustration is more closely tied to individual personality rather than specific incidents in
video conferencing. Personality traits have a stronger influence on frustration than situational
factors (Bessiere et al., 2006). In my study, | focused on exploring the contextual factors that
contribute to confusion among NNES during group meetings with NES on a video conferencing
platform. To streamline the scope of the research and concentrate on assisting NES, | decided not
to investigate the potential impact of NNES frustration or its connection with their personality in
this study. In this study, | delved into confusion as an emotional state stemming from feelings
related to challenges in comprehension, investigating instances of confusion, such as instances
where NNES struggles to comprehend their teammates’ speech, tasks, group work coordination,

and using software.
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2.2 A Variety of Advanced Technology Used in Recognizing Users’ Confusion

Apart from the challenges arising from the misinterpretation of body language expressions and
cultural differences between NES and NNES, communication breakdowns can occur due to the
difficulty for NES to observe and interpret all the expressions of NNES during video
conferencing. This situation occurred in diverse types of meetings, irrespective of whether the
meeting included both NES and NNES participants. The limitation stemmed from video
conferencing software, which only allowed a limited number of participants to be displayed,
making it impossible to read the body language of all attendees. Additionally, individuals
speaking during the meeting often allocated portions of their attention to the task at hand, such as
presenting slides (Murali et al., 2021). Therefore, it is unrealistic for NES to continuously
monitor every NNES participant simultaneously and analyze their non-verbal expressions
comprehensively. To address this issue, a tool that enables NES to monitor the status of NNES’
confusion could be beneficial.

The detection of confusion offers significant advantages as demonstrated by previous
research in recognizing and understanding the comprehension levels of the target audience,
thereby enhancing communication. Glassman et al. (2015) devised a glance-able heat map of
questions on slides, enabling listeners to freely ask questions and facilitating speakers' efficient
comprehension of inquiries. Park and Cho (2014) developed an application, Any Meeting, which
empowered students to seek clarification for confusing information. It allows students to ask
questions via virtual hand-raising on their mobile devices, improving class interaction and
understanding. Instructors can monitor comprehension through the number of raised hands. User
studies show Any Meeting enhances learning and yields high satisfaction among both students

and teachers (Park & Cho, 2014). Kim et al. (2021) introduced HyperButton, allowing learners to

12



spatially mark areas of confusion in video content. The instructor interface facilitated the
exploration of collected questions and hyperlinks, enabling teachers to augment and refine
learning materials. Rivera-Pelayo et al. (2013) designed the Live Interest Meter App (LIM App),
facilitating the gathering, aggregation, and visualization of feedback, including indications of
audience confusion. The results demonstrated the potential of the LIM App in large-scale
lectures. Additionally, Zarraonandia et al. (2019) presented a communication system utilizing
Google Glass to provide teachers with real-time, confidential information on students’ current
knowledge, enabling constant monitoring of potential comprehension issues that might otherwise
remain unnoticed. Therefore, the detection of confusion provided by a variety of advanced
technology allows both communicators to gain deeper insights into each other's participation
status and questions. Although it is undoubtedly valuable to identify and address confusion
among participants with the aid of advanced technology, most of these studies required people to
use devices (e.g., smartphones), which might interrupt the meeting participation (Park & Cho,
2014) However, in my thesis, | place great importance on the utilization of facial expression
recognizing technology for detecting confusion as this approach offers several advantages, such
as non-intrusively detecting NNES’ confusion emotions, and proxying NNES reporting process.
Facial expression recognition technology serves as a promising solution, as it can non-
intrusively detect NNES’ confusion and report confusion on behalf of NNES. In addition, the
face is the primary visible component during video conferencing. Though researchers have
identified specific body movements associated with feelings of confusion, | would like to discuss
their limitations. For instance, individuals experiencing confusion may adopt an upright or alert
posture (D’Mello & Graesser, 2010). It is worth noting that the finding was measured through

participants' body pressure on their chairs. However, this method presents practical limitations
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compared to facial expression recognition tools. The use of body pressure requires video
conference users to invest in additional equipment to detect the movements, unlike facial
emotion detection, which can be easily captured by a webcam and processed by the laptop. An
excellent example of using the facial expression recognition tool in video conferencing is the
study by Murali et al. (2021), which successfully monitored audience confusion and other
emotions in video conferencing. Thus, the facial expression recognition tool can assist NES in
tracking the confused expressions of NNES participants, and it is a practical solution that does
not rely on external devices.

In addition to facial recognition technology, other biosignal measurements such as
electroencephalography (EEG) and electrodermal activity (EDA) have been proposed to detect
the emotions of the participants. However, studies indicate that it lacks the capability and
efficiency to effectively detect confusion in video conferencing scenarios. For instance, while
Benlamine and Frasson (2021) achieved high accuracy in detecting the level of confusion by
constructing a model using EEG data and a camera-based emotion recognition system called
Facereader 7.1 (Benlamine & Frasson, 2021), the requirement to place electrodes on the scalp or
wear an electrode cap to record EEG data can be inconvenient during video meetings (Cmiel et
al., 2011; Niedermeyer & da Silva, 2005). Another approach to detecting emotions was the use
of EDA measurements, which can be easily collected through wristbands or smartwatches
(Gorson et al., 2022). However, EDA measurements can only identify negative or positive
emotions based on physiological arousal, limiting their ability to detect more nuanced
expressions of confusion (Gorson et al., 2022). Hence, in my thesis, | did not explore these

biosignal measurements for the detection of confusion in video conferencing scenarios but
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leaned towards the facial expression recognition tool which can detect confusion non-intrusively
and distinguish confusion from other emotions.

To conclude, the utilization of the facial expression recognition tool presents a promising
avenue for aiding participants attending a group meeting to recognize the moments of NNES’
confusion. By portraying the emotional state of NNES individuals, this technology can
effectively detect NNES’ confusion non-intrusively and notify NES of the NNES’ confused

moments.

2.3 Attributes of Confusion Detected by Facial Expression Recognition Technology in

Video Conferencing

In the previous section, a facial expression recognition tool was discussed as a promising
technology to enhance the ability of NES to perceive the confusion of NNES individuals. The
expressions of confusion can be discerned through specific muscle movements around the eyes
of participants (Rozin & Cohen, 2003). Notably, several studies have employed facial
recognition software using convolutional neural networks (CNN) to detect human faces and
classify Facial Action Units (AUSs) to identify confused expressions (Gray et al., 2020; Joshi et
al., 2022; Murali et al., 2021; Sharma et al., 2021). CNN is a computationally efficient model
that utilizes specialized convolution and pooling operations to analyze images (Tharsanee et al.,
2021). AUs denote the muscular actions responsible for creating transient alterations in facial
expression (Ekman et al., 2002). These were proposed as the Facial Action Coding System
(FACS) by Ekman and Friesen in 1978, which plays a crucial role in facial expression
recognition technology as it firstly systematically codes facial movements as AUs to identify
facial expressions. For instance, Murali et al. (2021) demonstrated how assessing audience

confusion, engagement, and nodding can help speakers gain insights into their audiences and
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evaluate their speech quality. Joshi et al. (2022) developed a virtual group meeting emotion
analytics model to identify confusing sections in a class, utilizing extracted Facial Action Units
(AUs) through the "Feature extraction” function of OpenFace software. OpenFace is an open-
source facial recognition tool that can detect AUs by CNN and is widely used in research
(Baltrusaitis et al., 2018; Joshi et al., 2022; Pedro & Silva, 2021; Tiam-Lee & Sumi, 2019).
Developed by Tadas Baltrusaitis and Carnegie Mellon University (CMU), the OpenFace detected
human faces and AUs directly from participants, which was competitive and fast compared to
other deep learning methods (Baltrusaitis et al., 2018). Therefore, | used the newest version
OpenFace 2.2.0 (https://github.com/TadasBaltrusaitis/OpenFace) in my thesis. In addition,
Sharma et al. (2021) also extracted the emotion of confusion using OpenFace, which computed
AU values. Gray et al. (2020) focused on training their model to detect confused or skeptical
emotions in video conferencing using a subset of AUs. While these studies have shown relatively
high success rates and applicability in analyzing recorded and live videos, making them suitable
for video conferencing scenarios (Gray et al., 2020; Joshi et al., 2022; Murali et al., 2021;
Sharma et al., 2021), none of them have specifically examined the potential benefits of a facial
expression recognition tool based on CNN and AUs for enhancing NES-NNES communication.
Thus, this study aimed to expand the scope of using the facial expression recognition tool to NES
and NNES participants and investigate its potential to be used to detect confusion among NNES
participants in a group meeting on a video conferencing platform.

When it comes to the communication between NES and NNES, determining the correct
AU combinations to accurately identify NNES’ confused facial expressions poses a significant
challenge due to their cultural and individual differences across various studies (Gray et al.,

2020; Keltner et al., 2019; McDaniel et al., 2007; Murali et al., 2021; Rozin & Cohen, 2003;
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Tiam-Lee & Sumi, 2019). Several studies have debated whether there is a standardized facial
movement universally applicable to people all over the world. Cordaro et al. (2018) claimed that
people from different cultural backgrounds express facial expressions differently, but they
suggested the International Core Pattern (ICP), a common core pattern of confused expression
observed across all cultures, consisting of AU 4 (Brow Lowerer), AU 7 (Lids Tight), and AU 55
(Head Tilt Left) or AU 56 (Head Tilt Right) shown as Figure 1, which also supported by Keltner
and Cordaro’s study (2017).

Figure 1

Examples of the Selected Action Units (AUs) Extracted From (Ekman et al., 2002) Used in the

Facial Expression Recognition Tool in the Experiments. From Left to Right: AU 4, AU 7, and

AU 56

On the other hand, Barrett et al. (2019) argued against relying solely on standardized
facial movement combinations to infer facial expressions, as expressions can vary based on
individual and situational factors. Therefore, in this thesis, | adopted the ICP and asked NNES

participants to mark their moments of confusion during video conferencing as a ground-truth
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dataset, allowing me to compare their marked moments with the moments of confusion
calculated by the facial expression recognition tool along with the confused facial expressions of
ICP. If there is a match between the moments marked by the NNES participants and the
moments detected by the tool using ICP, it suggests that the tool effectively identifies confusion
in NNES individuals. However, if there is a discrepancy in the marked time moments, it may
indicate that cultural variations significantly impact the facial expression of confusion. This
suggests that universal AU patterns cannot be employed to detect confused expressions across
people from diverse cultural backgrounds in this study.

Upon reviewing relevant articles, | identified a research gap in the existing studies. To
my knowledge, while facial expression recognition tools can support people in detecting
confused moments, it was not evaluated by NNES and NES in a group meeting on video
conferencing scenarios. Moreover, prior studies have not addressed how to solve NNES’
confusion when they were hesitant to ask questions and when NES misunderstood their confused
body language expressions, which are common issues in the interaction between NES and
NNES. Referring to other previous papers on tools to assist in solving confusion, they could not
non-intrusively detect confusion which caused inconvenience in attending video conferencing
meetings. In my study, | considered prior work on perceiving confusion of people focused on the
feasibility of applying the facial expression recognition tool to a video conferencing platform to
enhance NES' ability to perceive the confused moments of NNES and eventually promote their
interaction and communication. Thus, | proposed utilizing the facial expression recognition tool,
OpenFace 2.2.0, to identify instances of NNES confusion during the video conference meetings
with NES. I discussed the impact of using facial expression recognition in terms of its

recognition accuracy and user experience in the Results and Discussion sections.
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Chapter 3: Method

In this chapter, I introduced how I conducted my research procedures, which started with
participant recruitment and the distribution of questionnaires aimed at gathering information
about participants' demographics and their experiences in attending group virtual meetings with
other NES and NNES. NES were asked to participate in three meetings on a video conferencing
platform and join chart review interviews following group meetings except for the first kick-off
meeting. During the interviews, they reviewed and discussed the confused moments reported by
NNES, NES including themselves, and a facial expression recognition tool. After three group
meetings, | conducted one individual post-interview with participants, including both NES and
NNES, to compare the effectiveness of NES’ observation and the facial expression recognition
tool in perceiving the moments of NNES’ confusi3on experienced during the group meetings.
Through the chart review interviews and the post-interview, | explored a variety of
communication approaches that NES employed to identify the confused moments of NNES and
how the awareness of the moments of NNES’ confusion reported by the NNES and the tool
impact the way their strategies to identify NNES’ confusion and perform their communication in

the following meetings with NNES.

3.1 Participants

Both NES and NNES participants were recruited from the College of Information Studies
(iSchool) at the University of Maryland (UMD). To reach potential participants, recruitment
emails accompanied by recruitment flyers were sent to the email list of the UMD Human-
Computer Interaction Lab. Additionally, the UMD iSchool staff were requested to repost the

recruitment materials to further expand the outreach.
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Prospective participants who expressed interest in the study were asked to complete a 30-
minute online screening survey to determine their eligibility for the experiment. The survey
primarily focused on assessing whether individuals identified themselves as NES or NNES,
possessed a laptop or PC, and had access to a private room with an Internet connection to attend
the meetings. Moreover, participants were required to be at least 18 years old to meet the
eligibility criteria for participation in the research. Around eight participants who met the criteria
were selected from the screening survey, and they were contacted via email. The email included

a consent form and a research instruction sheet detailing the procedure of the experiment.

All eight participants signed their consent form by email. As shown in Figure 2, |
grouped them into two teams, each comprising two NES and two NNES participants. | adopted
the criteria developed by Gao and Fussell (2017) to assemble teams consisting of two NES and
two NNES. The purpose was to investigate potential confusion among team members while
communicating in English. These participants have similar characteristics of being multilingual,
akin to the participants in Gao and Fussell’s study. For example, each participant group met the
following requirements: 1) the team must consist of four or more members; 2) English must be
the team'’s sole common language; 3) there should be a minimum of two different native

languages (including English) represented within the team.
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Figure 2

Each Team Consisted of Two NNES and Two NES Assigned to Either the Control Group (NC) or

the Experimental Group (NE)

Team 1 Team 2

NE1 NC1 < NES —

O O O O

NNT NN2 | NNEs —| NN3  NN4

The NES participants were assigned to either the control group (henceforth referred to as
‘NC’) or the experimental group (‘NE’). Each NES from the control group and the experimental
group and two NNES (referred to as “NN”) became one group, and a total of two groups attended
a video conferencing meeting during the experiment. The main difference between the groups of
NC and NE is that NC participants reviewed the NNES’ confused moments solely relying on
their observation without referring to the information detected by the facial expression
recognition tool, while the NE participants reviewed the NNES' confused moments by
combining their observation with the information provided by the facial expression recognition

tool (Table 1).
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Table 1

Participants and Their Tasks

* iSchool Students

» 4 NES + 4 NNES: 5 female, 3 male; Age (mean 24.25, SD 1.75)

NES' Task « |dentified confused moments of NNES

NC (NES in Control Group) » NNES' self-reports

NE (NES in Experimental

» NNES' self-reports + Tool
Group)

| aimed to examine to what extent NES and a facial expression recognition tool can
identify NNES’ confusion in communication during video conferencing, which aligned with my
first research question (RQ1). During the study, I did not want the NES participants to feel that
the facial expression recognition tool was supposed to be used as the primary means of
determining the NNES’ confused moments, but to offer additional data points that they could
refer to in addition to their observation in order to gain their organic views on the usage of facial
expression recognition tool. | ensured that participants had the freedom to choose the information
they retrieved from either their own observation or the facial recognition tool. By allowing this
choice, I aimed to prevent participants from modifying their responses based on my positive

expectations regarding the technology's usage (Dell et al., 2012).

The participants who were selected from the screening survey were asked to complete an
online background questionnaire, which collected information about their demographic
information and their prior experience of using a video conferencing platform such as Zoom,

WebEX, or Hangout and communicating with other NES and NNES in a group meeting setting.
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This questionnaire provided opportunities for me to explore how their prior experiences
influenced their abilities to identify the confused moments of the NNES and their

communication with other participants.

The demographic and background information of the participants is presented in Table 2
and Table 3. The study consists of eight participants, composed of individuals between the ages
of 22 and 26, with a median age of 24.5. The sample has a reasonably balanced gender
distribution, with five females and three males. The sample’s race or ethnicity distribution is
diverse, having Black/Afro-American, Hispanic, South Asian, and White as NES, and East Asian
and South Asian as NNES. Two of the eight participants are taking or have bachelor's degrees,
while six of the eight participants are taking or have master's degrees. All of them are majoring
in information studies fields: Five of them are Human-Computer Interaction (HCI) majors; two
of them are Information Science majors; one of them is an Information Management major. And
only one of them has not learned user-centered design, which is strongly related to the tasks in
this study. Three of the NES only speak English as their native language; one NES speaks both
English and Hindi as her native language. Last, four NNES have different native spoken

languages, but some share one common language.
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Table 2

Demographic Information of All Participants

Participan| NES/ | Gende | Ag | Educatio Major Past Ethnicity / | Native
tID NNE r e | nLevel learning Race Spoken
S experienc Languag
e (User e
Centered
Design
(UCD))
NC1 Femal | 22 | Bachelor | Information Yes White English
e Science
NC2 Femal | 22 | Bachelor | Information Yes Black/Afro | English
e Science -American
NES
NE1 Male | 26 | Master HCI Yes Hispanic | English
NE2 Femal | 25 | Master | Information No South English,
e Manageme Asian Hindi
nt
NN1 Femal | 23 | Master HCI Yes South Marathi
e Asian
NN2 Male | 26 | Master HCI Yes South Hindi,
Asian Telugu
NNE
S
NN3 Male | 26 | Master HCI Yes South Hindi,
Asian Marathi
NN4 Femal | 24 | Master HCI Yes East Asian | Mandari
e n
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Table 3

Additional Information about English and Videoconferencing Experience
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It took me two months to gather all the necessary data from participants for the study.
When there were any confusing or unclear statements from the participants, | confirmed them
with the participants either during the post-interviews or through email correspondence. This

study was approved by the Institutional Review Board (IRB) at UMD.

3.2 Procedures

| adapted the study procedures from He et al.'s (2017) research, which explored the misinterpretation of
communication between NES and NNES that incorrectly attributed to the cause or intention behind non/verbal
behaviors in a video conferencing setting. As my research also focused on a similar participants group and an
experimental setting to investigate the perception of NNES’ confusion, I designed my study procedures (Figure 3)

following her study.

Figure 3

Study Procedures

NES Only
Screen
Survey / Background MSCEIT
Consent Questionnaire Questionnaire
Form
N I
ES Only NES Only
A A
= A =A
Individual Individual
Kick Off Day 2 C:;r:‘ Day 3 Clh'ar(
Meeting Meeting Review 1 Meeting Review 2
268
mA
Post- Debrief /
Interview Compensation
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3.2.1. Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) Questionnaire

As shown in Figure 3, an online questionnaire called the Mayer-Salovey-Caruso Emotional
Intelligence Test (MSCEIT) was administered by sending the questionnaire URL to the NES
participants via email after their background questionnaire. The MSCEIT consisted of 141 items
presented with facial expression images and scenarios, allowing for the assessment of emotional
intelligence using a five-point rating scale (Mayer, 2002). This questionnaire aimed to measure
the ability to perceive emotions in oneself and others, utilize emotions in cognitive processes,
understand emotional information, and manage emotions in oneself and others. In my study,
these ability-based scales in the MSCEIT served as a baseline to evaluate the NES participants'
emotional intelligence skills, particularly how they perceived and understood the confused

moments of the NNES during the communication (Fiori et al., 2014).

Over the following weeks, the participants attended three online meetings in total (Day 1:
a kick-off meeting, Day 2: exploring a project topic, Day 3: filling out a draft project plan). Apart
from the initial kick-off meeting, the NES were asked to have an individual chart review
interview with me on Zoom after every group meeting. The chart review indicated the
annotations of NNES and NES where the NNES felt confused during the meeting with the time
stamps. The NES in the experimental group (NE) were additionally provided the information,
which was the annotated confusion moments with time stamps detected by the facial expression
recognition tool. After all three group meetings, the individual NNES and NES had a post-

interview with me.

To schedule all Zoom meetings, | sent a meeting invitation to all participants by email in

advance. The meetings were conducted about once a week. Each meeting took about an hour.
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During a Zoom meeting, all participants were asked to turn on their webcams and microphones

on their PC or laptop.

3.2.2 Day 1: Kick-off Meeting

During the initial day of the experiment, which served as the kick-off meeting, | set up the Zoom
meeting recording in gallery view to ensure that the meeting and participants' faces were
recorded in their entirety. Zoom only records meeting videos in two formats, gallery view, and
active speaker. When recording in the active speaker format, the individuals’ faces were only
shown in the recording when they were speaking. The facial expression of other participants who
were not speaking at that moment was not recorded. On the other hand, the gallery view captured
all participants' facial expressions in every frame of the video. So, | decided to record in gallery
view format, and recording video in this format allowed me to crop it into individual-only
segments for each participant, enabling me to detect their facial expressions by the facial

expression recognition tool frame by frame.

During the group meeting, | deactivated my webcam and microphone to mitigate the
Hawthorne effect (Harrell et al., 2013). By doing so, | aimed to prevent any potential
modification in participants’ behaviors that might occur when they are aware of being observed.
Following He et al.'s (2017) approach of incorporating a training trial to acquaint participants
with the task, interaction with each other, and a video conferencing platform, I utilized this kick-

off meeting to help the participants familiarize themselves with the experimental procedures.

Inspired by He et al.'s (2017) exploration of the contrasting impressions and
misunderstandings between NNES and NES, | was motivated to conduct a comparative analysis

of how NNES, NES, and the facial expression recognition tool similarly and differently
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identified moments of confusion exhibited by NNES individuals. To investigate this, | instructed
NNES participants to privately message me through Zoom chat with the letter "c" (as an
abbreviation of the full word ‘confused’) whenever they felt confused during their conversation
with NES in the meeting. These direct messages from the NNES served as the ground truth,
indicating the moments when NNES experienced confusion during the meeting with the NES
participants. Similarly, the NES participants were also instructed to send me a private message
containing "c" along with an initial of the NNES participant to tell me which of the NNES
participants seemed to experience confusion. For instance, "ca" indicated that the NES
participant identified the NNES team member named Adam as confused (e.g., “ca” = confused
Adam). | instructed them to report any instances of confusion without specifying potential
causes, thus granting them the freedom to report confusion arising from various triggers, such as

language, task-related issues, and Zoom usage.

3.2.3 Day 2 Meeting

To capture language use in real-life scenarios, | specifically sought out a task that the participants
could engage in without the necessity of expert knowledge, but an interesting project to discuss
in a group with multiple team members in English (Gao & Fussell, 2017). Therefore, to structure
the agendas for Day 2 and Day 3 of the experiment, | drew inspiration from the curriculum of an
undergraduate course called INST 362 User-Centered Design (UCD) as this curriculum allowed
the participants in a group to have extensive discussions in English with group members as they

worked on a group project. | created an instruction sheet as found in Appendix C.

During the Day 2 meeting, all participants actively participated in a team discussion
focused on exploring a project topic related to UCD. This prompt encouraged them to engage in

critical discussions about user needs and generate ideas for a successful project. To facilitate
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collaboration, the team utilized the Miro board (https://miro.com/), an online collaborative

whiteboard platform that allowed distributed team members to work together effectively. The
Miro board was used to share and document the discussion processes and outcomes that the NES

and NNES participants produced.

After the Day 2 meeting, | saved the chat log, transcript, and Zoom video recording in
gallery view format. The chat log contained timestamps that indicated instances of NNES
participants' confusion moments identified by all participants. Using this information, | created
annotated charts with timestamps for each NES participant in the control group (NCs) (Figure 4 -
(a)) and the experimental group (NE) (Figure 4 - (b)). Chart (a) shows the moments of individual
NNES’s confusion self-reported by the NNES and identified by NES in the control group (NC).
Chart (b) shows the moments of individual NNES’s confusion self-reported by the NNES and
identified by NES in the experimental group (NE), and a facial expression recognition tool. The
y-axis of the charts indicated the annotators, while the x-axis represented the reported
timestamps indicating the moments of confusion that NNES experienced.

Figure 4

Examples of Annotated Charts With Timestamps

Day 2 Meeting - NNES A Day 2 Meeting - NNES A

NNES A
Reported -
0:14:37 0:14:37
NNES A
Reported
You
Reported

0:19:18 0:30:54  0:32:53
You
Reported Tool
Detected
0:15:42 0:32:19-0:32:32
(Except 0:32:22)

0:00:00 0:10:0( 0:20:00 0:30:00 0:40:00 0:00:00 0:10:00 0:20:00 ):30:00 0:40:00
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3.2.4 Annotated Chart with Timestamps Using Facial Expression Recognition Tool

To visualize the reports provided by the facial expression recognition tool, | incorporated the
OpenFace 2.2.0, a facial expression recognition tool, to extract timestamps that indicated
expressions of confusion exhibited by the NNES participants during the group meeting on Zoom.
The chart shown in Figure 4 (b) allowed me to investigate whether NE, reviewing the additional
annotation provided by the facial expression recognition tool, would enhance their ability to
recognize NNES’ confused moments more accurately than the NC who reviewed the annotations
without the facial expression recognition tool’s report when they communicate with the NNES in
the subsequent meetings. This also encouraged me to further investigate how the awareness of
the confused moments of NNES influenced NE in adjusting their communication approach

towards the NNES in the following group meeting.

To identify timestamps of confused expressions made by the NNES on the recordings of
Zoom gallery view, | adapted the study of Sharma et al. (2021) who extracted Action Units
(AUs) of emotions from a video with several faces, which addressed my need to detect the AUs
of my participants with Zoom recordings.

To ensure accurate processing of each participant's video frames, | cropped the individual
video frames from the gallery view recordings and subsequently processed them using OpenFace
2.2.0. It is important to note that the order of the video frames may change if participants leave
and rejoin the meeting. To minimize disruptions and facilitate video cropping, | kindly reminded
the participants not to leave during the meetings. | utilized Adobe Premiere Pro 2023

(https://www.adobe.com/products/premiere), a video editing software, to crop the individual

video of each NNES participant from the gallery view recordings for individual processing of
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their facial expressions on OpenFace. Subsequently, | employed OpenFace to calculate the AUs
for each individual's video frame by frame.

To identify timestamps when the NNES participants showed confused faces, | utilized
OpenFace to detect the ICP of confused facial expressions (Cordaro et al., 2018). This ICP
consists of AU 4, AU 7, and either AU 55 or AU 56. However, since AU 9 (Nose Wrinkle;
Shown as Figure 5) typically involves brow lowering, | could not score AU 4 unless there was
unambiguous evidence of the eyebrows being pulled together, which aligned with Ekman et al.'s
coding manual (2002). Therefore, to ensure the correct measurement, | excluded instances of AU
4 where AU 4 and AU 9 were detected together, as OpenFace cannot detect eyebrow-pulling
movements. Additionally, instead of directly detecting AU 55 or AU 56, OpenFace provides the
angle of head tilt. By Ekman et al.'s guidelines (2002), the verification of AU 55 or AU 56
requires a minimum head tilt of 30 degrees. Therefore, | considered an angle greater than 30
degrees as indicative of the detection of AU 55 and AU 56.

Figure 5
Examples of the Action Units 9 (AU 9) Extracted From (Ekman et al., 2002) Used in the Facial

Expression Recognition Tool in the Experiments
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3.2.5 Individual Interview for Reviewing Annotated Chart with Timestamps

After creating the charts with the timestamps indicating the confused moments the NNES
experienced during the meeting, I scheduled individual hour-long online interviews with each
NES on Zoom. Before the interviews, | sent the NC participants the timeline charts where they
can review the annotations of confused moments with timestamps self-reported by NNES and
reported by them based on their observation of the NNES during the meeting. The timeline
charts to review with the NE participants presented the additional timestamp annotations

detected by the facial expression recognition tool.

During the interview, | showed the previously recorded meeting videos to the NES by
using Zoom’s screen-sharing feature. Then | replayed the specific portion of the meeting
recording as my participants requested to play the scene again. | encouraged them to think aloud
while comparing and contrasting the timestamped annotations self-reported by the NNES and
theirs when reviewing the video recordings. For the NE, | additionally asked them to compare
and contrast the timestamp of annotations from the facial expression recognition tool in addition

to the timestamp annotation from themselves and NNES.

After reviewing the annotated charts with the video recordings, | asked interview
questions (Appendix D) to the NES. These comparisons allowed the NES participants to visually
identify moments when NNES participants felt confused in the meeting with them and to reflect
on how their recognition of the NNES” confusion aligned or differed from the self-reports of the
NNES and the reports detected by the facial expression recognition tool. | specifically asked the
NES participants about their confidence in recognizing the confusing emotions of the NNES
during the interview, since being confident in identifying NNES means they need minimal

mental workload to complete this recognition (Hart, 2006). | was curious if they would consider
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this task easy or if their perception of easiness would change. I also sought the opinions of the
NE regarding the facial expression recognition tool to assess the effectiveness of the facial
expression recognition software and to examine how the NES participants' awareness of their
ability to identify NNES' confusion influenced their communication strategies while interacting
with the NNES during the team meetings. By analyzing the participants' annotations and
comparing them with the annotation detected by the facial expression recognition tool, OpenFace
2.2.0, | gained insights into the accuracy and feasibility of applying this facial recognition
technology to a video conference platform. Furthermore, it was compelling to explore the
communication dynamics between NES and NNES participants, which were further discussed in

Chapter 5.

3.2.6 Day 3 Meeting

During the Day 3 meeting, all participants were given the task of completing a draft project plan
using the ideas and insights generated during the previous Day 2 meeting. A template (Appendix
E) for the draft project plan was provided on the Miro board. This exercise aimed to examine the
communication dynamics between the NES and NNES participants as they collaborated on the
completion of the draft project plan through the group meeting on Zoom. Similar to the chart
review conducted after the Day 2 meeting, | created another timeline chart based on the reports

on the Day 3 meeting and conducted chart review interviews with the NES.

3.2.7 Individual Post-interview

After all three group meetings between NES and NNES, | conducted an hour-long individual
semi-structured interview with all participants. These interviews were conducted online via

Zoom and served the purpose of verification and further exploration of the alignment between
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NES' explanations of NNES’ moments of confusion and their interpretations of the reasons
behind annotating those moments These interviews also helped me to explore any changes in
NES’ communication methods during the interactions with the NNES, and their opinions on the
potential use of facial expression technology in a video conferencing setting for a future
application. Additionally, I included the timeline charts of the kick-off meeting in this individual
post-interview session and presented the timeline charts of all three meetings to the NNES and
NES. These charts allowed me to verify the confused moments of the NNES as ground truth by
comparing and contrasting the reports from the NNES and NES. Showing NES timeline charts
for three meetings helped the NES participants recall and discuss whether their communication
approaches have changed since they became more aware of the confused moments of the NNES

in the following meeting.

During the interviews, each participant shared their general opinions on their willingness
to use facial expression recognition in video conferencing for future design considerations.
Moreover, | asked them if the way of NES' communication has changed between Day 2 and Day
3 Meetings. These questions were inspired by Kim et al.'s (2021) study, which utilized a similar

approach inquiring about participants’ willingness to use a new video player interface.

After the interviews, | debriefed my study, wherein | explained what motivation I had
when | started this study and how I used the facial expression recognition tool to detect the
NNES’ confused faces, to ensure data transparency and fulfilling my responsibility as a
researcher (Abiteboul & Stoyanovich, 2019; Firmani et al., 2019). An online e-gift card ranging
from $50 to $85 was sent to each participant based on the amount of time and tasks they were

asked during the study.
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3.3 Thematic Analysis Measurement

| conducted a thematic analysis (Braun & Clarke, 2006) to explore themes that shed light on how
the NES recognized the confusion of the NNES in context. This analysis involved examining
transcribed data collected from individual interviews with the participants. For the thematic
analysis of the interview transcripts, Delve, a qualitative data analysis software (QDAS)

(https://delvetool.com/) was employed as a coding tool. To ensure the accuracy of the original

transcripts, the initial step involved downloading the interview transcripts from the Zoom portal,
reviewing the transcripts automatically generated by the Zoom transcript feature, and manually
modifying any typographical errors or missing words to ensure the integrity of the transcript
(Braun & Clarke, 2006). Moreover, the participants and | replayed video clips of group meeting
recordings during the individual Chart review interviews. So, the words spoken by the people in
the video clips were also transcribed. To ease the thematic analysis, I distinguished transcriptions
of video clips from the insights participants expressed during the individual interviews, by
marking video clips’ transcription with quotation marks.

Subsequently, the pre-processed transcripts removing typos and adding missing words
verbally mentioned by the participants were imported into Delve, and initial codes were created
and matched with relevant quotes. | organized codes into themes, aiming to address the research
questions, and the corresponding excerpts were compiled under each code. This process

facilitated the creation of codebooks for further analysis.
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Chapter 4: Data Analysis and Results

In this chapter, | analyzed a questionnaire, annotated charts of the confused moments where the
NNES and NES marked as the NNES experienced confusion (henceforth referred to as ‘Charts’),
and transcriptions of individual interview responses. Results from the questionnaire allowed me
to estimate the overall emotional intelligence (El) of the NES. Findings from the analysis of the
Charts and interview transcriptions addressed my research questions, respectively.

e RQ 1: To what extent do NES and a facial expression recognition tool recognize NNES'
confusion in communication during video conferencing?

e RQ 2-1: How does the awareness of NNES’ confusion, as perceived by NES during
video conferencing, affect the communication approach of NES when interacting with
NNES?

e RQ 2-2: How does the awareness of NNES’ confusion, identified by the facial expression
recognition tool, affect the communication approach of NES when interacting with

NNES?

The analysis of the Charts offered an insight into how accurately the NES and the facial
expression recognition tool identified the NNES’ confusion (RQ1) and how the awareness of the
NNES’ confusion has changed the NES’ communication ways while interacting with the NNES
in the following meetings on a video conference platform (RQ2-1 and RQ2-2). In the following

sections, | presented my data analysis methods and their corresponding findings.
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4.1 Data Analysis

4.1.1 MSCEIT Questionnaire

A standardized measurement called MSCEIT questionnaire was used to compare the emotional
intelligence (EI) levels among the NES participants and determine whether these levels correlate
with their ability in recognizing the confusion of the NNES experienced during the group
discussion on Zoom. As shown in Figure 6, the item scores of the questionnaire were compiled
to generate an overall EI score. A person with a score above 110 is considered to have an
elevated level of El. A person scoring below 90 is considered to have uncommon perceptions of
emotions compared with the majority’s perceptions, which may cause interpersonal
misunderstanding (Leddy et al., 2011).

Figure 6

Graphic Illustration of MSCEIT v2.0 Scores Structure (Mayer, 2002)
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| collected the scored dataset from the MSCEIT questionnaire website
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(https://tap.mhs.com/). Among the items of the MSCEIT questionnaire, | selected the data

including the overall El scores, scores of four El branches (perceiving emotions, using emotions,
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understanding emotions, and managing emotions), and positive-negative bias (PNB; Figure 7) in
the data analysis.
Figure 7

Mechanism of PNB Score in MSCEIT Questionnaire
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4.1.2 Annotations of Confused Moments of Non-native English Speakers with Timestamps

I created annotations with timestamps (referred to as ‘Charts’) that presented the confused
moments of the NNES identified by the NNES themselves, the NES based on their observation,
and a facial expression recognition tool. The objective of exploring these Charts was to examine
how the NES and the tool accurately identified the NNES’ confused moments with the
comparison of the NNES’ self-reported annotations. As the NNES directly reported their
confusion to me during the meeting by sending a message through the Zoom feature, it served as
a ground truth to gauge the accuracy of measurements between the NES’ observation and the
facial expression recognition tool in terms of identifying the confused moments of the NNES.
The accuracy was calculated by comparing the annotations of the confusion moments
identified by NNES, NES, and the tool. I labeled ‘Correct’ when the timestamps from the NES
or the tool are aligned with the timestamps of the NNES (ground truth) in the annotated charts.

Not only did the timestamps align, but I also further checked the interpretations of the
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timestamps by the NNES because the emotion could switch in a brief time while the topic in the
conversation switched. To determine the validity of the NES’ annotations, if NNES reported
Timestamp A due to Trigger A and NES also interpreted Timestamp B, which was reported by
this NES and was in proximity to Timestamp A, as caused by Reason A, Timestamp B was
considered as a ‘Correct’ report (As shown in Figure 8). To assess the validity of the tool’s
annotations, if the tool reported a Timestamp C close to the Timestamp A that NNES reported, |
requested NNES to review the corresponding section of the meeting recording where the
Timestamp C was. If NNES mentioned that they were confused at Timestamp C and were
triggered by the same causes as they were at Timestamp A, Timestamp C was a ‘Correct’ tool’s
annotation. Even though Timestamp E was not close in time to Timestamp A, if NNES
considered Timestamp E a valid occurrence of their moment of confusion, | included Timestamp
E as a ground truth of the instance that the NNES experienced the confused moment. If NNES
denied that they felt confused at Timestamp E, it was categorized as an inaccurate detection of

NNES' moments of confusion processed by the Tool.
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Figure 8

Examples of Timestamps
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There are cases where NNES does not initially report feeling confused during the
meeting but later acknowledges confusion after reviewing reports from NES or the tool. I also
consider these cases as ground truth instances when NNES genuinely felt confused. Hence, both
the self-reported confused moments by NNES during the group meetings and the additional
confused moments they confirmed during the post-interview were treated as ground truth
instances in this study. Additionally, since the tool detected every single second that the NNES
appeared confused, there might be several timestamps (their units are seconds) detected as
confused during NNES’ one-time confusion. On the contrary, the NES only reported once for
each time of NNES’ confusion they recognized. Therefore, | will treat a group of consecutive
tool-detected timestamps as a single report. Since emotional expressions can have a duration, if
there is a one-or-two-second gap between two (groups of) tool-detected confused timestamps, |

considered them as one-time tool-detected annotations. Or if NNES attributed both two (groups
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of) tool-detected timestamps to the same confusion they experienced, I also regarded these two
(groups of) tool-detected timestamps as one-time confused moment annotation.

Typically, the accuracy of a facial expression recognition tool to capture emotions is
calculated by using the confusion matrix method, which involves the following formula: (True
Positives (TP) + True Negatives (TN)) / (TP + TN + False Positives (FP) + False Negatives
(FN)), as illustrated in Figure 9 (Amin & Yan, 2011).

Figure 9

Confusion Matrix and Accuracy Computation Equations (Amin & Yan, 2011)

True Class
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The True Positive (TP) represents the number of correct identifications of correct events.
In my study, TP represents the true confused moments reported by the NES or the tool. TN,
which stands for True Negatives, represents the number of correct identifications of wrong
events. However, | did not collect TN data because | specifically asked NNES to report only
when they felt confused. If | had asked them to constantly report non-confused times, they would
have had to report most of the time during the meeting since they were typically not feeling
confused the majority of the time during a typical group meeting. The real-life meeting is
different from the controlled lab setting, in that I could have provided them with non-confused
examples, to check out how many times they reported as non-confused. Hence, TN does not exist

in my study. FP, or False Positives, refers to mistakenly reporting events when they did not
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happen. In my research context, this refers to the instances when NNES reported not feeling
confused, but the NES or the facial expression recognition tool incorrectly identified them as
confused. Similar to TN, I did not collect data for FP as I did not ask NNES to report their non-
confused moments. FN, or False Negatives, represents the cases when an event actually
happened but was mistakenly reported as not happening. In my study, this corresponds to the
instances when NNES reported feeling confused, but the NES or the facial expression
recognition tool failed to recognize their confusion. Therefore, in my study, the accuracy rate
formula (ACC) was not applicable since | only collected true confused moments (TP+FN)
reported by NNES. So, I did not encounter TN and FP represented as wrong and correct
detection of false confused moments in this study, which do not exist in a real-life video
conferencing context. Thus, I calculated True Positive Rates (TPR), which were counted on
behalf of the accuracy rate in this study to address the RQ1: To what extent do NES and a facial
expression recognition tool recognize NNES' confusion in communication during video
conferencing? The total true confused moments (TP + FN) that represent the ground truth of
NNES' confused moments were reported by NNES themselves during Zoom meetings and their
post-interviews. Similarly, Buolamwini and Gebru (2018) used TPR as a measure of
classification accuracy in facial recognition in their study. In line with their approach, which
served as a suitable metric for evaluating the accuracy rate of the facial expression recognition

tool and the NES in the identification of the NNES’ confusion used in my research.

4.2 Data Results

4.2.1 Results of MSCEIT Questionnaire

Table 4 presents the descriptive statistics for the standard scores of the four EI branches:

perceiving emotions, using emotions, understanding emotions, and managing emotions, the



standard Overall EI score and the standard Positive-Negative Bias (PNB) score among the NES

participants.

Table 4

Summary of MSCEIT Questionnaire Results and Interpretive Guideline

ID Branch1l Branch2 Branch 3

Branch4 Overall PNB

Perceiving Using  Understanding Managing El

NC1 62.04 89.69 91.10 96.81 7854 78.84
NC2 118.49 108.43 99.77 9547 108.71 103.38
NE1 92.31 102.62 105.23 105.34 102.99 113.07
NE2 132.43 97.51 91.06 88.65 99.39 114.01
mean 101.32 99.56 96.79 96.57 97.41 102.33
SD 31.02 7.95 6.96 6.85 13.15 16.37

Standard Score Range For Branches and Overall El

Interpretive Guideline

69 or less

70-89

90-109

110-129

130+

Improve

Consider Developing
Competent

Skilled

Expert
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Standard Score Range For PNB Interpretive Guideline

<85 They may misread situations as overly negative
85-115 Average
> 115 They may misread situations as overly positive

The average score of the four NES participants on MSCEIT was 97.41 (£ 13.15). This
was within the competent range according to the interpretive guide. The box plot in Figure 10
displays that the entire range of NE’s PNB score was higher than the entire range of NC’s PNB
score. The results of the MSCIET scores of NE and NC are listed in Table 5.
Table 5
Mean Scores and Standard Deviation (SD) of the Mayer-Salovey-Caruso Emotional Intelligence
Test (MSCEIT) for Each of the Four EI Skills, Overall EI Scores, and PNB Scores Between NE

and NC Participants

Perceive| Use |Understand|Manage| Overall | PNB

Mean| 90.27 |99.06 | 95.43 96.14 | 93.63 |91.11

NC| SD | 39.92 |13.25 6.13 095 | 21.33 |17.35

Mean| 112.37 {100.07| 98.14 96.99 | 101.19 |113.54

NE| SD | 28.37 | 3.61 10.02 11.80 | 254 | 0.67
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Figure 10
Boxplot of Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) Standard Score

Descriptive Statistics Among NES
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4.2.2 Accuracy of Identifying Confused Moments of NNES Reported by NES and Detected by

Facial Expression Recognition Tool

Table 6 indicated the True Positive Rates (TPR) that represent the accuracy rate of the NC in
identifying each NNES' confused moments by the NC and the NE, and the facial expression
recognition tool (Tool). However, there were cases where NNES did not have any confusion
during the meeting, resulting in (TP + FN) being a zero. Thus, the TPR were not available to be
calculated in the Kick-off meeting of the table. Additionally, the data collection for NNES'
confused moment was missed due to NN1 being absent during the Day 2 Meeting. These missed

data were marked as ‘Not available’ (e.g., N/A) in the table.
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Table 6
Results of True Positive Rates (TPR) Representing Accuracy Rate of Non-Native English
Speakers (NES) and Facial Expression Recognition Tool in Identifying NNES’ Confused

Moments Across Three Meetings

Kick-off Meeting | Day 2 Meeting | Day 3 Meeting

TPR TPR TPR

NN1's Confused Moments NC1l | N/A NC1 | 100%

NE1 |N/A |NEl | 0%

Tool | N/A Tool | 0%

NN2's Confused Moments NC1l | 0% NC1 | 33%

NE1 | 0% NE1 | 0%

Tool [67% | Tool | 0%

NN3's Confused Moments NC2 |50% | NC2 | 100%

NE2 | 0% NE2 | 50%

Tool |[50% | Tool | 100%

NN4's Confused Moments | NC2 0% NC2 |[50% | NC2 | 100%

NE2 0% NE2 | 0% NE2 | 50%

Tool 0% Tool |[25% | Tool | 0%

* The % in bold represented data that form patterns as | interpreted



To provide a more comprehensive comparison of the accuracy rates among three
parties—NC, NE, and the facial expression recognition tool—for identifying the confused
moments of the NNES, | created a visually lined graph presented in Figure 11. Upon analyzing
the graph, it became apparent that both the NE and NC exhibited an increasing trend in accuracy
rate over meetings. The NC shows a more dramatic improvement. Starting from 0% accuracy,
and it steadily progresses reaching 100% accuracy on the Day 3 Meeting. In comparison, the NE
also demonstrates an upward trend, albeit not as pronounced as the NC. In contrast, the graph of
the tool's accuracy rate is non-linear. The accuracy rate initially increased by 47% but
subsequently declined to 25%. The fluctuation of its accuracy could be caused by different
definitions of confusion owned by different NNES, etc. Overall, the visual graph in Figure 11
highlighted the varying trends in accuracy observed across meetings, with the control group NES

(NC) exhibiting the most significant improvement over time.
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Figure 11
The Average Accuracy in Identifying Non-Native English Speakers' Confusion During Video
Conference Meetings Among Three Parties: Native English Speakers (NES) in Control Groups

(NC), Experimental Groups (NE), and a Facial Expression Recognition Tool
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| created additional two figures (Figure 12 and Figure 13) that present the accuracy rate
in the identification of NNES’ confusion calculated by the individual’s report from each party-
across the video conferencing meetings. Figure 12 illustrates how an individual's accuracy rate in
the identification of the NNES’ confused moments has been influenced by its awareness through
the annotated Charts over the meetings. The y-axis of the figures showed the individual pairs of
the NES (including NC and NE) and the NNES.

Next, Figure 13 displays the accuracy rate of the facial expression recognition tool in
detecting confused moments of individual NNES. It is noted that the NC participants consistently
achieved higher accuracy rates (mean = 54%, SD =0.43) than the accuracy rates of the NE

participants (mean = 13%, SD =0.23).
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Figure 12

NES’ Accuracy Rate Over the Meetings
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Figure 13
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4.2.3 Results of Thematic Analysis

I investigated the contextual factors contributing to the accuracy rate in identifying NNES’
confusion among NES. It involved analyzing their post-interview responses and comparing them

with the accuracy rate presented in section 4.2.2.

4.2.3.1 Increased NES’ Accuracy and Helpfulness of Various Types of Cues. Based
on my analysis of the charts, it is evident that NES' accuracy rate improved over time. This
improvement was attributed primarily to the NES’ learning of how to recognize each NNES
individual’s confused moments, based on their cumulative experience from each meeting.
Initially, the NES relied on their understanding of how they would react when feeling confused
and on others' expressions of confusion in past encounters. For example, one participant stated,
“Before we review Day 2, I was kind of going based of how I would feel if I look confused.
(NC2)”

Due to the unfamiliarity with NNES participants in the initial stages of the group
meetings, the NES showed inaccuracies in identifying NNES’ confusions. The NES began to
learn independently where the NNES may feel confused based on their interaction with the
NNES during the meetings and the visual charts that the NNES used to report their moments of
confusion (e.g., “Did you kind of learn this kind of thing from doing the reviewing with me? To
check the charts? Or it's kind of based on your own judgment? (Researcher) | think it's a mix of
both. (NC2)”). Consequently, their accuracy gradually increased.

Furthermore, the NC exhibited a prominent level of accuracy, as depicted in the charts,
surpassing that of the tool. This disparity can be attributed to NES' ability to observe and
interpret NNES individuals' confusion through various means beyond facial expressions. In

addition to facial cues, NES considers non-facial body language, verbal cues, and the contextual

51



information of the task given during the meeting to make accurate identification of the NNES’
confusion moments. For instance, NC2 interpreted NN4's slumped posture as a sign of
attempting to comprehend the conversation, stating, “He was kind of slumped over a little more
just before he kind of picked himself up just now. So it kind of seems like maybe he was trying to
understand what we were talking about. (NC2) ” In addition to body language, the NES also
identified the moments of NNES’ confusion through verbal cues provided by the NNES. For
instance, NC1 noted that "she was confused because she had asked a question. (NC1)"
Moreover, the NES referred to environmental factors, including the task and the website
being used for the group work online during the meeting to pinpoint the moments of confusion
faced by the NNES. NC2 described a scene from Day 3 Meeting where they noticed NN3
repeatedly backspacing and re-typing on the Miro board, indicating difficulty in expressing his
thoughts (““So this was I noticed on the Miro board that NN3 was backspacing and re-typing a
lot. So, I think he was having trouble trying to express what he was saying earlier about
his...(NC2)”). While NN4 reported moments of their confusion during the meeting, the facial
expression recognition tool failed to detect confusion from NN4 because it was unable to
comprehensively assess their emotion by combining various data like humans. For instance, NC2
responded that “I marked him as confused because there was such a long pause, and he looked
the most confused based on his facial expressions, and based on how it kind of looked like he
was taking a while to process what we were talking about. (NC2)”. This multi-faceted approach
allowed the NES to achieve a higher accuracy rate, approaching close to 100% accuracy, in
recognizing the NNES’ confusion compared to solely relying on the facial-expression-only
detection method. As mentioned above, the NES has employed various methods to identify

moments of confusion among the NNES. One of the methods was to closely observe the facial
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expressions of the NNES on a laptop screen during Zoom interactions. Other approaches were
discerning emotions through interpreting verbal cues, and comprehensively referring to
environmental factors that triggered confusion about the NNES, which are currently beyond the
capabilities of facial expression recognition technology. These aspects will be further discussed
in Chapter 5.

4.2.3.2 Higher Accuracy (rate) of Control Group over Experimental Group in
Identifying Confused Moments of NNES. The accuracy rate of the NC was observed to be
higher than the NES in the NE. This difference can be attributed to the results of the MSCEIT
questionnaire. The only scored results where the NCs had higher or lower scores than NEs were
the PNB scores (NC scores in PNB = 91.11, NE scores in PNB =113.54). These scores indicate
that NEs scored at an average level and leaned toward positive bias. | noticed that all NES
participants tended to have a negative connotation of confused feelings because many of them
mentioned two things, the meeting was nice and their teammates understood each other well,
together, saying things like, “I did not have any hard time understanding what they meant and
what points they were trying to prove. So that yeah, it was like, pretty nice. (NC2)” Therefore, it
can be concluded that the NC have personalities that tend to interpret emotions negatively
compared to the NE. So, the NC reported reading moments of confusion more frequently than
the NE.

4.2.3.3 Reduced Dependence on Information Provided by Facial Recognition Tool.
The facial expression recognition tool's unstable accuracy rate raised doubts among the NES
regarding the tool’s reliability in delivering accurate information. The NES responded that the
inability of the tool to distinguish between genuine confusion and other emotions that may

resemble confusion among the NNES. For instance, NN2 mentioned that he may appear
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confused while thinking and being silent, such as “at points when I stop talking, or at points
where | struggle to continue my sentence or something, or when I'm just silent and thinking
about something. I do look confused, but I'm not really that confused. (NN2)” Other instances
that may give the appearance of confusion included asking non-clarifying questions and
searching for the right words to express oneself. To improve the tool's effectiveness,
enhancements in developing facial expression recognition technology are necessary to accurately
distinguish between genuine confusion and other facial cues that may resemble confusion.
Primarily, NE occasionally agreed that the tool captured accurate moments of confusion (e.g.,
“But for some of the times the tool detective it, I think it was right. Maybe. (NE1)”), but they
mostly disagreed and did not view it as a reliable source of data. For example, after the Day 2
Meeting, NE1 categorically stated that the tool was completely inaccurate in detecting confusion,
saying, “the tool doesn't accurately detect, I think, his (NN4’s) confusion. (NE1)”. After the Day
2 Meeting, NE2 believed the tool to be occasionally accurate but also inaccurate, while after the
Day 3 Meeting, NE2 disagreed with the tool's accuracy, reasoning that it captured movement
even when NNES was not confused, saying, “There was like not a lot of movement. So, | think
the tool kind of did not like record that. (NE2)” This inconsistent accuracy of the tool could lead
NES to place less trust in it. Specifically, NES did not trust the tool's data because it made
incorrect detections when NNES did not exhibit signs of confusion (e.g., “And he seems like, he
was confident about everything. So, I don't think he was confused. (NE1)”). Additionally, as
mentioned in Section 4.2.1, the tool often confused expressions of confusion with other emotions
which have confused-like facial expressions. For example, detecting NNES were confused while

they were thinking with confused faces.
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4.2.3.4 Impacts of NNES’ Ground Truth on NES towards Identifying Confused
Moments of NNES. The facial expression recognition tool had no major influence on the NE
due to its unstable accuracy rate to detect the confused moments of the NNES. However, NES'
understanding can improve as they gain more insight into how the NNES express their confusion
by comparing it with the NNES’ grounded truth. NC1 suggested, “I think if I had more time with
them, it would probably be easier to figure out when they're actually confused, since you would
have more time to kind of see how they act and react when they're confused versus when they're
not. (NC1)” Therefore, continuous monitoring of NNES' confused moments and adjusting
awareness accordingly can lead to increased accuracy in identifying NNES' confused moments
and a subsequent increase in confidence, overcoming the initial decline experienced during the
initial stages of learning an individual's confused expression patterns. One NE and two NC
reported adjusting their approach to identifying moments of confusion among the NNES after
reviewing the annotations with timestamps grounded by the NNES. NC have exhibited an
increased awareness of and made adjustments to their communication styles after the chart
review. NC1 expressed, “I tried to be more clear over the computer and tried to just present
myself more effectively. | think | felt more aware of how I was talking like, am | talking clearly?
Am | like actually making a point, or am | rambling? Do | think it would be difficult to
understand me? I think I was more so conscious of how I spoke when I was aware that. (NCI)”
Additionally, NC2 made an effort to provide clearer instructions, stating, “I tried to kind of
explain the instructions a little better, and how we were going to use our tools to do the
instructions to try and help with their confusion. (NC2)” As a result, NES has started adjusting
their communication styles to better support NNES' understanding. This adjustment positively

impacted the NES and increased their awareness of capturing the emotions of NNES during
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subsequent meetings and communications. NC2 corrected her approach to identifying the
confusion of NN4 regarding NN4's expression, stating, “I think I thought she was tired mostly
because at that time it kind of looked like she was holding herself like she was sleepy. So, | didn't
count it as confusion, but I guess people can also hold their heads when they're confused.
(NC2)” On the other hand, NE1 stated that reviewing the annotation that NNES reported their
moments of confusion did not affect him but knowing that NN2 was in the same programs with
him changed his interaction approaches. He mentioned, "No, I don't think so... I don't know if it
was Day 1 or Day 2 meeting, but I actually didn't know (NN2) was in my program, and then
when he said it, | was a little bit surprised. And | guess maybe that possibly changed how |
interact with them. (NE1)". This is associated with his low accuracy rate of identifying the
confused moments of the NNES as 0%. This observation suggests that individuals who have
difficulty empathizing with others may also struggle to recognize emotional expressions and
understand the feelings of others.

Another negative impact of referring to the ground truth of the NNES was that NES'
confidence in identifying NNES' confused moments declined significantly from Day 2 Meeting
to Day 3 Meeting. NEL1, in the chart review interview after the Day 3 Meeting, mentioned, “I'd
say 4 (out of 10). because I don't think I'm perfect (in recognizing NNES’ confusion). (NE1)”
NC1 also expressed how her confidence dropped after reviewing the grounded annotation of the
NNES’ confused moments in the Day 2 and Day 3 Meetings. She said, “definitely made me a
little bit less confident, I think it made me feel less willing to say: oh, I think they're confused in
this moment. Because | remembered that when | thought they were confused, doing a similar
thing in the previous time. They weren't actually confused. They made me feel less certain about

interpreting what confusion meant for them. (NC1)” This drop in confidence can be attributed to
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the fact that individuals may exhibit different behaviors in response to the same emotion in
varying timing and situations. In other words, emotional expression patterns can vary depending
on the individual and the context (Barrett et al., 2019; Patterson et al., 2023).

In conclusion, it was proved that debriefing with the ground truth that the NNES reported
as their confused moments while communicating with the NES, helped enable the NES to better
understand and learn the NNES' confused expression patterns. It eventually influenced them to
adjust their approach to capture the moments of the NNES’ confusion and communicate with
them. This also supported the use of properly conducted debriefs helped the team performance
including multilingual team communication in video conferencing scenarios by reflecting their

awareness from the debriefs to the subsequent meetings (Tannenbaum & Cerasoli, 2013).
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Chapter 5: Discussion

5.1 NNES’ Various Perceptions of Confusion

During the experiment, it became evident that the NNES participants had different perceptions of
confusion. In other words, they have different criteria for determining whether emotion is
characterized as confusion or not. | did not anticipate this phenomenon that individuals would
possess ambiguous self-awareness regarding their state of confusion. So, the limitation of this
study was to provide a clear definition of confusion to my participants beforehand. There is a
specific example of how NNES perceive their confusion differently. Participant NN4 considered
the ‘word retrieval in the mind’ before speaking as a form of confusion, stating, “/ keep talking.
But I'm looking at a lot of different places. When | speak like that, it basically means I'm trying
to find words. So that's another situation. I might be confused. (NN4)” Conversely, participants
NN1 and NN2 did not associate the act of thinking about a response before speaking with
confusion. For instance, NN1 distinguished between contemplating a response and feeling
confused, explaining, “Either it could mean that you're actually confused. Or it could actually
just mean that you're thinking, or you sort of are taking some time before you respond, because
you are talking about something that requires you to think and answer. (NN1)”” Similarly, NN2
differentiated between struggling to find the right English words and being confused, stating,
“But at points when | stop talking, or at points where | struggle to continue my sentence or
something, or when I'm just silent and thinking about something. I do look confused, but I'm not
really that confused. (NN2)” Additional instances of confusion that posed challenges for
assessing confusion included determining who should speak next in a group conversation and

figuring out how to proceed with group work.
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These factors contributed to fluctuations in the accuracy of the tool. Based on their
confused facial expressions, the tool perceived participants as confused when they were
contemplating what to say next, who should speak next, or how to proceed with group work.
When NNES participants did not consider contemplation as confusion, the tool's report was
deemed incorrect (e.g., the NN1's and NN2’s quotes mentioned in the last paragraph).
Conversely, when NNES participants did consider contemplation as confusion, the tool's report
was considered accurate (e.g., the NN4’s quote mentioned in the last paragraph).

However, whether contemplation should be classified as confusion does not significantly
impact the future development of the facial expression recognition tool. These instances of
contemplation do not represent situations where NNES participants are confused about what
others are saying leading to conversation breakdown. Instead, they are temporary states that
quickly pass once the participants have completed their contemplation. Thus, the tool's primary
objective should be to detect confusion arising from difficulties in understanding NES' speech
due to unfamiliar accents or slang (e.g., “it's NE2's accent that is a bit difficult for me to
understand. (NN4) ). Such confusion can significantly impact overall conversation
comprehension. The confusion that NNES participants report during moments of contemplation
should not be considered a type of confusion during the training of a facial expression
recognition tool in the NES-NNES communication scenario. Furthermore, the tool should be
enhanced to effectively differentiate between these two types of confusion. Unfortunately, the
tool failed to distinguish between these two types of confusion (e.g., the tool identified NN2 as
confused in both cases when NN2 was grappling with choosing the right words to speak and was
confused about NC1's speech), underscoring the need for improvement to accurately report

confusion that requires assistance. As an alternative, NE2 suggested allowing humans to control
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the tool, enabling NNES participants to decide whether to notify NES during their moments of

confusion to filter out the tool's unwanted reports on NNES’ contemplation.

5.2 NNES Realized Confused Moments in Review

One intriguing discovery from the research is that NNES individuals may not always recognize
their moments of confusion during meetings. However, when the NNES reviewed their confused
moments reported by NES and the tool with me during the individual interview, they realized
that they did indeed experience confusion at those times. For instance, NC1 identified a moment
when NN2 appeared confused, even though NN2 did not realize feeling confused during the
meetings. During our review, NN2 agreed and stated, ““/ think I was confused about the
instructions at that point. Specifically, | was confused about assigning roles to team members
and I asked the others if we needed to do that. (NN2)”

NES participants also expressed surprise at this inconsistency since they had complete
trust in NNES' reports and had learned to recognize NNES' patterns of confused expressions
based on those reports. However, during the meeting, NNES failed to report some instances,
leading to a situation where NES learned incorrect awareness from inaccurate reports.
Consequently, NES may make incorrect judgments in subsequent communications between NES
and NNES.

For instance, during the Day 2 Meeting, the tool reported that NN4 was confused at a
certain point, but NN4 did not report being confused. Upon reviewing the meeting recording and
considering both NNES and the tool's data, NE2 identified a verbal cue that supported the notion
that NN4 was not confused. NE2 noticed that NN4 continued talking even after NE2 herself had
stopped speaking, interpreting this as a sign that NN4 was not confused. NE2 expressed this

observation, saying, “Even after | stopped speaking, she kind of like carried it forward. So, | do
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not like find her in any confused whatsoever during that time period. (NE2)” However, in the
post-interview, NN4 corrected this interpretation, explaining that she was indeed confused while
still talking but did not realize it until she watched a replay of this time in the meeting recording.
NN4 stated, “When I previously look at the replay, I basically, I keep talking. But I'm looking at
where a lot of different places. When | speak like that, it basically means I'm trying to find
words. So that's another situation I might be confused. (NN4)” Unfortunately, NE2 had formed
the wrong impression that NN4 was not confused while speaking, which may cause NE2 to
overlook any instances where NN4 might have been talking while confused. This demonstrates
the negative impact of relying on inaccurate reports from NNES as the accurate recognition of

NNES’ confusion.

5.3 Ethical Concern of Facial Recognition Tool

5.3.1 Equity in Facial Recognition Tool Requires Oversight from the Masses and Academia

Buolamwini and Gebru (2018) brought to light the issue of racial inequity in facial recognition
tools, highlighting their lowest accuracy on dark-skinned females compared to the highest
accuracy on light-skinned males. Raji and Buolamwini (2019) later discovered that the accuracy
of dark-skinned females improved after Buolamwini and Gebru’s exposure (2018).
Consequently, it is crucial for both the academic community and the general public to actively
engage in investigating the field of facial recognition technology.

The current literature lacks any comprehensive study on facial expression recognition
technology that specifically examines its accuracy concerning different skin tones. To address
this gap and contribute to promoting equity, | conducted a study on facial expression recognition
tools, focusing on tested participants from South Asian and East Asian ethnic backgrounds, who

exhibit different skin tones. South Asians are known to have darker skin tones, while East Asians
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generally have lighter skin tones, as classified by the Fitzpatrick six-point labeling system

(Figure 14; TB, 1988), which is considered the authoritative method for categorizing skin tones

and cited by Buolamwini and Gebru (2018).

Figure 14

The Global Distribution of Skin Color. Most South Asians Have Darker Skin While Those From

East Asian Countries are Lighter-Skinned. Image From (Encyclopedia Britannica; Cited by

Buolamwini & Gebru, 2018)
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I specifically focused on the facial expression recognition tool OpenFace 2.2.0 and

examined its accuracy in identifying facial expressions within these ethnicities. The detailed

accuracy results can be found in Table 6 in Chapter 4. Based on my findings, there was no

discernible bias towards either East Asian or South Asian faces in terms of accuracy. Overall, it

is evident that ongoing supervision and scrutiny by the masses and academia are necessary to

address and rectify the issues of equity within facial recognition tools.
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5.3.2 Promoting Human Interaction with Facial Expression Recognition Tool

The participants raised several ethical concerns regarding facial expression recognition tools.
NE1 expressed concern about the potential impact on human nature in conversation, stating, “/
feel like it'd be more healthier if there is a way for them to communicate with themselves, so that
there is a sort of relationship bonding like component. You know what | mean, like, it's it that it
feels like a human interaction. (NE1)” | agreed with NE1 that the primary purpose of developing
such tools should be to assist humans rather than replace genuine human connections. Future
designs must take into account the ethical concerns of users.

In the context of video conferencing scenarios between NES and NNES speakers, | hope
the facial expression recognition tool could assist in an appropriate manner and at appropriate
times. The goal is not to replace human participants' roles in conversation, as NE1 expressed
concerns, but also to help address NNES speakers' confusion without interrupting the meetings,
as NN3 wished (e.g., “So if there's a tool can be accurate to detect your confusion moment, do
you like to be automatically notified the native speaker (that) you are confused? (Researcher)
Yeah, I would like that... Videoconferencing tools, like Zoom... Things are very complicated with
them, because... if there is a moment of confusion, it is not very easy to interrupt that person and
ask them to elaborate. (NN3)”).

To address these issues, the tool should first accurately detect NNES’ confusion and
whether the confusion would impede NNES' understanding. Subsequently, it should refrain from
notifying during times when human users do not want technology to intervene. This approach
can serve as a potential future direction in addressing the ethical concerns of users feeling

replaced by technology in human interaction.
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5.4 NES' Reliance on NNES Self-Reports

One factor of the minimal tool's influence on NES could be attributed to the speculation that the
NES trusted the moments of confusion provided by the NNES' self-report over the annotations
detected by the tool. NES may subconsciously place significant trust in NNES' self-report as the
ground truth because only the NNES participants could accurately assess whether they
experienced confusion. In addition, it is widely understood that a facial recognition tool with
100% accuracy does not exist. During the post-interview, when | informed NES that NNES
omitted reporting several moments of confusion, they began to realize that NNES’ reports were
not perfectly correct, instead, NNES overlooked their confusion when they did not pay attention.

The data provided to NE during the chart review interview did not accurately simulate the
information NE can receive in real-life situations. The NNES might not tell their confused
moments proactively to NES, so the NNES' self-reported information would be absent. The NES
will recognize NNES’ confused moments only based on their judgments or the available tool’s
assistance. In this study, NNES's reported instances of confusion were presented alongside the
tool's data. NES relied more on NNES’ annotations of confused moments in the graph over the
data detected by the tool, because they trusted NNES' inputs. For example, NE1 considered
NNES' reports as a reliable source and ground truth instead of referring to the information that
the facial expression recognition tool presented: “It sounds silly. The tool doesn't accurately
detect his confusion. But his self-reporting does detect his confusion. It's probably because he's
the one giving the input. (NE1)”

One could envision that, in a real-life scenario, if NNES can express their confused
emotions well, then the NES will not need the tool to help detect the NNES' confused emotions.

When NES were looking for the tool's assistance, it would mean NNES does not express
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confusion clearly, or NES cannot understand NNES' expressions, which is close to the situation
where the NNES' confused moments' report is absent. Therefore, in future studies, the facial
expression recognition tool's influence on NES can be assessed under the condition that the
NNES reports are absent. This will simulate the real-life scenarios more. Therefore, the result
that the tool has minimal influence on NES could be attributed to reliance on NNES reports as

one reason. It is unrealistic in real-life scenarios.

5.5 Limited Universality of International Core Patterns (ICP)

Since the tool’s accuracy fluctuated without accurately detecting NNES’ confused expression,
the action units patterns (ICP of confused expressions) | used to process the confused expression
with the facial expression recognition tool may have limited universality in accurately detecting
participants from different country backgrounds, at least inaccurately detecting participants from
India and China in my study (Cordaro et al., 2018). This speculation aligned with Barrett et al.’s
study (2019) and Patterson et al.’s study (2023), that emotional expression varied by individual
and cultural backgrounds. Therefore, in the future, more individualized emotional expression can

be explored in facilitating NES-NNES communication in video conferencing.
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Chapter 6: Limitations and Future Directions

6.1 Bias in Research Results

6.1.1 Self-selection Bias on NES/NNES Identity

Among my participants, four individuals are from India. Three of them identified themselves as
NNES, while one identified herself as an NES, despite having similar English backgrounds. The
fact that NE2, NN1, NN2, and NN3 share similar English and cultural backgrounds but chose
distinct identities might introduce ambiguity in my study data, making it challenging to discern
the roles of NES and NNES.

Furthermore, all NNES participants in my study exhibited a prominent level of English
proficiency during the meeting and reported high TOEFL listening and speaking scores.
Considering this finding, the labels NES and NNES may not accurately capture the participants'
communication abilities. Instead, | have observed that people's communication patterns in terms
of confusion are heavily influenced by their personalities. While some NES individuals may
hesitate to express confusion (e.g., “I'll usually pretend to act like I understand anything. I'll
nod. (NE1)”), certain NNES individuals consistently seek clarification when they deem a
question to be important (e.g., “if the subject is important... I will ask them through chat. If it's
online meeting. (NN4)”). In the future direction, exploring the assistance required in
communication based on individuals' personalities could yield intriguing results. It might
contribute to helping shy or introverted individuals to participate more actively in group
meetings.

My NNES participants did not experience frequent pauses that typically occur during the
cognitive process of translating from English to their native language while communicating with

NES participants in the group meeting. Furthermore, the NNES participants did not report
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significant difficulties in communicating with NES participants. Consequently, the study might
not have captured a sufficient number of confused moments. However, | believe this aspect
aligns with real-life situations. If NNES individuals had poor English proficiency, they might
have been unable to attend the meetings altogether or might have required an interpreter to
participate effectively. In future studies, I plan to include NNES participants with lower English
proficiency levels who enrolled in an English language institute in the U.S. to gather a greater

number of confused moments for comparison while communicating with NES participants.

6.1.2 Participant Bias and Cultural Bias

| provided instructions of how to perform the experimental tasks both verbally and through a
written handout. | instructed them that they would need to report to me NNES’ confused
moments. Although I did not ask them to only look for confusion triggered by language barriers,
the NES participants seemed to focus on identifying conversational confusion during the Kick-
off Meetings and Day 2 Meetings until I realized this in conversations with them during the first
chart review interviews. This indicates the presence of a participant bias, where individuals in a
research study may consciously or unconsciously adjust their behavior to align with what they
believe the | expected, rather than responding naturally. It seems that my participants assumed
my primary focus was investigating communication confusion based on the study description
provided in my recruitment flyers and recruiting emails, which mentioned my goal of studying
NES-NNES communication in video conferencing scenarios.

It is also possible that NES and NNES participants held cultural bias, assuming that
NNES individuals would have insufficient English proficiency and inevitably experience

difficulties in understanding language during NES-NNES communication. Particularly once
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NNES participants displayed confusion, it further shaped NES’ expectations of NNES’ low
English proficiency (Van der Zwaard & Bannink, 2020).

After noticing that some participants were reporting confusion related only to language
issues during the first chart review interviews, | sent out an email to all participants to clarify that
the study did not focus solely on language-related confusion. As a result of these reminders,

participants began reporting confusion triggered by a range of factors beyond language issues.

6.1.3 Small Sample Size

It is important to acknowledge that the sample size in my study was small, consisting of only
eight participants. While the study was conducted meticulously, the limited number of
participants may impact the robustness and generalizability of the results. The small sample size
increases the risk of random variation and may not adequately represent the entire target
population. To improve the credibility of the findings, I plan to conduct future research with a
larger and more diverse sample size, aiming to capture a broader range of perspectives and
characteristics within the population of interest. By addressing this limitation, the study's

outcomes can be more reliable and applicable to a wider context.

6.2 Validity and Reliability

As the sole researcher in this study, | faced the challenge of not having a second coder to validate
my thematic analysis results. However, in Guest et al.'s book Applied Thematic Analysis (2011),
they suggested two methods for validating the results of a single thematic analyzer. The first

approach involves the analyzer taking some time after the first round of data processing and then

reprocessing it to compare it with the initial version of the results for ensuring validity. The
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second approach is to request another individual to review the codebook and assess the validity
of the coding.

Having different debriefing conditions between NE and NC assigned in the same group
may further impact each other’s awareness and communication approaches while interacting and
communicating with each other throughout the meetings. In the future, I will distinctly divide the
control group from the experimental group to delve into the effects of the facial expression

recognition tool intervention.

6.3 Potential Features of Utilizing Facial Expression Recognition Tool in Confusion

Detection

6.3.1 Anonymity

According to the feedback provided by the NES in this study, they often adopt a strategy of
patiently awaiting additional context from other NNES to understand the source of the NNES’
confusion. Moreover, they also propose that if they continue to feel difficulty grasping the trigger
of the NNES’ confusion even after obtaining the context to understand their feelings, they may
ask for clarification. However, this decision depends on their comfort level within the group or
the importance of the question at hand.

There were instances where NNES appeared to hesitate to seek clarification from NES
due to personal reasons, such as feeling embarrassed or uncomfortable asking in a group
conversation. One participant, NC1, expressed a desire for a feature that would allow them to
anonymously seek clarification, stating, “If it's more than just one other person (a conversation
with more than two people), | typically try to hide that I feel confused... Especially if it was
something that wouldn't indicate that it was me who asked that, and like it was anonymous, |

would feel less embarrassed about expressing, not understanding. (NC1) ” Therefore, when
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designing and developing a video conferencing interface using a facial expression recognition
tool, it is important to consider integrating a feature that ensures the anonymity of individuals
who experience confusion and “directly” convey their perplexity to the speaker during the

meeting.

6.3.2 Uses as an Assistive Technology

During my study, one of the participants identified as an NES and shared that they have ADHD,
which presented challenges for them in maintaining focus during conversations with other
participants in the video conferencing meeting. Consequently, they often experienced difficulties
such as confusion and losing track of the discussion. Considering these challenges, it becomes
imperative to integrate the needs of ADHD users into the design of facial expression recognition
tools in video conferencing. This approach aims not only to support neurodiverse individuals but
also to improve comprehension and engagement for people with ADHD. Therefore, exploring
the application of communication-assisted technology in video conferencing can benefit

individuals with other attention-related conditions as well.

6.3.3 Automatic Alert System

Finding out people who can hardly empathize with other meeting participants served as
inspiration for me to develop a new feature for a video conferencing platform—an automated
alert system that can identify instances of confusion among NNES users. By implementing such
a feature, we aim to enhance communication and foster better understanding and inclusivity in
virtual interactions.

This system will not only benefit the people who hardly empathize with others but people

who were hesitant to ask for clarification. NN3 mentioned he always feels bad to interrupt the
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online meeting by asking questions, so he would like to have an automatic alert system to help
him express confusion: “it just feels wrong to do it on Zoom. It just feels as if you are taking too
much of other people's time by asking a good question. (NN3)” Therefore, an automatic alert tool
can support both users who cannot empathize with others and who are hesitant to disrupt the
meeting.

Nevertheless, the automated functionality must be implemented while being mindful of
NNES’ self-image protection needs. Certain NNES individuals have expressed their preference
to not send automatic notifications about their confusion, particularly in situations where their
level of status aligns closely with or higher than that of their NES colleagues. To illustrate, NN1
highlighted “if'it's a meeting between two colleagues like in a workplace in an office... both of
them are at like a same level of hierarchy ... they might also not want that confusion to be
translated... they would communicate themselves. (NN1)” Other participants also expressed their
preference for having the option to control whether the tool will notify others of their confusion.
Therefore, allowing participants to customize how confusion is reported would be more

beneficial to prevent NNES’ feelings of embarrassment.

6.4 Benefits of the Tool’s to NES Participants

NES participants also faced confused problems during the video conferencing meeting. Unlike
NNES will have confusion due to English fluency, NES may feel confused by NNES or other
NES’ accents (Brighi & Szymanski, 2023). In the future study, NES participants’ confused
moments could also be detected by the facial expression recognition tool and reviewed by other

NES and NNES participants to explore whether the tool could also help solve NES’ confusion.
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6.5 Redesign Study in the Future Work

I will provide real-time feedback to NES regarding instances when NNES experiences confusion
during communication in future studies to gather feedback on the feasibility of utilizing a facial
expression recognition tool in a video conferencing setting. This feedback aims to elicit
responses and insights from NES participants, thereby facilitating the evaluation of the facial
expression recognition tool's effectiveness and suitability in the given context.

The verbal communication or text that occurred during the group video conferencing
meeting will also be analyzed by the thematic analysis method. It is an effective way to record
their verbal and non-verbal expressions, analyze how NNES reacted when they felt confused,
and how NES reacted when they noticed NNES’ confusion. This will allow me to further explore
communicative strategies that NES and NNES would employ to enhance their conversation and

what nonverbal behaviors including facial expression are involved in the moments of confusion.
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Chapter 7: Conclusion

In this study, | examined to what extent NES and a facial expression recognition tool perceive
moments of confusion in NNES (RQ1), and the awareness of NNES’ confusion would affect the
way NES better communicate with NNES during a video conference meeting (RQ2). The
findings indicated that the facial expression recognition technology used in this study was
inadequate in accurately detecting confusion among NNES. This insufficient accuracy can be
attributed to three reasons: 1) In addition to confusion, individuals also displayed emotions such
as contemplation or uncertainty, which may be accompanied by a facial expression that appears
similar to confusion, making it difficult for the tool to differentiate between them; 2) Confusion
can be conveyed through non-facial body language, verbal cues, and contextual cues in a
conversation, which may not be detectable by specialized facial expression recognition tools; 3)
the varying definitions of confusion between NNES, NES, and the facial expression recognition
tool using the existing features of “confusion” in this study.

These led the NES participants to rely less on using the information provided by the
facial expression recognition tool. Thus, the facial expression recognition tool had a minimal
impact on NES' assessment of NNES' confused moments in this study. Nevertheless, when NES
reviewed instances of confusion directly reported by NNES with an examination of recorded
videos and a visual chart review, it significantly contributed to their comprehension of the
diverse manifestations of confusion among NNES within the given context. Consequently, NES
adjusted its communication style to better support NNES' comprehension. And they can use
several ways, non-facial body language, verbal cues, and contextual cues besides the facial
expression, to identify confusion, which outperforms the facial expression recognition tool.

However, it was noted that NNES still exhibited diverse responses depending on the situation.
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NES needed to invest additional time in refining their awareness of NNES' specific patterns of
confusion.

The tool's data has a limited impact on the NES' ability to perceive NNES' confused
expressions and communication styles, primarily due to its inaccuracies. As a result, the NES has
lost trust in the tool's reliability. Additionally, when presented with both the tool's data
annotations and NNES' annotations, the NES tends to prioritize NNES' annotations as the more
accurate representation, dismissing the tool's data’s values.

NNES' self-annotations regarding moments of confusion strongly influence the NES.
Initially, the NES relies on its own experiences to recognize NNES. Yet, upon reviewing NNES'
annotations, the NES gains insights into the accurate and inaccurate aspects of its recognition
process and learns about NNES' reactions during moments of confusion. This adaptive process
enhances the NES' awareness of how NNES expresses confusion, enabling more successful
identification of NNES' confusion in future interactions. Furthermore, the NES can adjust its
communication style to better support NNES' understanding, fostering more effective
communication between the two.

The study also addressed various aspects related to the facial expression recognition tool,
from its potential usage scenarios to the ethical concerns regarding its potential to replace natural
human communication. Additionally, tests were conducted to determine whether the tool
exhibited any bias towards different racial groups, revealing no bias between South Asian and
East Asian faces. However, it is important to acknowledge the limitations of this study, such as
the small dataset used. Future research could involve expanding the participant size and
including NNES individuals with lower English proficiency. Lastly, the study suggested future

directions for the development of facial expression recognition tools in video conferencing. It
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proposed exploring the tool's usability to be anonymous and its utility as an assistive tool for

participants with attention deficiencies.
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Appendices

Appendix A: Recruitment Flier

Jialun Yang | MS Human-Computer Interaction
iSchool | UMCP

. e = e
Participants Needed

for Research

Are you interested in communicating with friends from different
cultural backgrounds in English on Zoom?

Jialun Yang, the investigator, is conducting a study to investigate communication between
non-native English speakers (NNES) and native English speakers (NES) in videoconferencing.
This study will take approximately 7.5 hours in total, over 4 weeks to complete (1-2 hr/week).

YOU may qualify : are native English speakers (NES)

are over 18 years old
if you * have a computer in a private space with Internet access

= « fill out a Screening Survey, a Background Questionnaire,

YOU WI” and an MSCEIT Questionnaire

« attend Zoom Meetings discussing user problems around

us

» report NNES teammates’ moments of confusion during
meetings
join Graph Review interviews to compare the parts that
you and the NNES marked as confusing moments of
NNES
* participate in a Post-interview

H « You will receive an e-gift card ($85) by
Benefit S
You can jOin e by scanning the QR code and filling

the screening survey

For more information, please view the full recruiting email or contact jyangl3l@umd.edu
Study Protocol #1977924-2
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Jialun Yang | MS Human-Computer Interaction
iSchool | UMCP

for Research

Are you interested in communicating with friends from different
cultural backgrounds in English on Zoom?

Jialun Yang, the investigator, is conducting a study to investigate communication between
non-native English speakers (NNES) and native English speakers (NES) in videoconferencing.
This study will take approximately 5 hours in total, over 4 weeks to complete (1 hr/week).

You may qualify
if you

You will

Benefit

You can join

are non-native English speakers (NNES)

* areover18yearsold

have a computer in a private space with Internet access

fill out a Screening Survey, and a Background
Questionnaire

attend Zoom Meetings discussing user problems around
us

report your moments of confusion during meetings
participate in a Post-interview

You will receive an e-gift card ($50) by email

by scanning the QR code and filling
the screening survey

For more information, please view the full recruiting email or contact jyangl3l@umd.edu
Study Protocol #1977924-2
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Appendix B: MSCEIT Questionnaire Sample

(As per Terms & Conditions for use of MSCEIT for research purposes, MHS Inc. permitted to cite

not more than six items)

The MSCEIT test has a wide range of test questions types or styles. In some, you will be given
faces and you will need to select the correct emotion and level of intensity of this emotion. In other
questions, you will be given scenarios and be asked to select the most appropriate response. You
will also be shown photos of objects and sceneries and be asked to identify the emotion/s that these

photos are likely to elicit in people.

Example Item 1.
Joan felt stressed and became a bit anxious when she thought about all the work she needed to do.
When her manager brought her an additional project, she felt . (Select the best choice.)

a) Overwhelmed

b) Depressed

c) Ashamed

d) Self-conscious

e) Jittery

Example Item 2.
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How much is each feeling below expressed in this picture?

e Happy 1-5
e Sadl-5

o Fear1-5

e Anger 1-5
e Disgust 1-5

Example Item 3.

How much is each feeling in the list below expressed by this face?
o Happiness (1-5)
e Sadness (1-5)

e Fear (1-5)
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Anger (1-5)

Disgust (1-5)
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Appendix C: Research Instruction Sheet

Research Instruction Sheet
This research instruction sheet serves as a guide for the upcoming research, which includes
instructions for your Zoom meetings, graph review interviews, and post-interview. Please read
this sheet carefully right after you receive it. If you have any questions, please contact the

researcher at jyangl31@umd.edu.

Preparation Before the Experiment:
Prior to the research, please ensure that you have prepared the following:
1. Please fill out the Background Questionnaire and MSCEIT Questionnaire. (I will send
you the links via email.)
2. A laptop or PC with a webcam, a microphone, and internet access in a private space

where you can speak loudly and clearly in video calls.

3. Download Zoom on the laptop and use the email you provided in the screening survey to

sign up or sign in.

4. Learn how to use the Direct Message feature of Zoom as below (Zoom Support, 2023b):

Send a private message

If the host has enabled private chat, participants can communicate with each other privately in the meeting.

Hosts can't see private chats between participants.

1. While in a meeting, click Chat . in the meeting controls.
2. In the To: drop-down menu, select the participant you want to chat with directly.
3. Enter your message in the chat window.

4, Press Enter to send your private message.
Your message will appear in the chat window indicated by a (Direct Message) notification above the
message.

One Day Before the Kick-off Meeting (date):
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1. Check whether you have received Zoom meeting invitation emails for the kick-off
meeting. If not, contact the researcher.
2. Change your Zoom “Display Name” to the alternate name you provided to the researcher.

o How to change “Display Name” (Zoom Support, 2023a):

Change your name on the Zoom web portal

. Sign in to the Zoom web portal.
. In the navigation menu, click Profile.
. By your account profile name, click Edit.

. For your account profile name, enter your First Name and Last Name.

a A oW N

. For your Display Name, enter a name (e.g. your first name, full name, or nickname) that will be shown to
others on Zoom.

6. Click Save.

Kick-off Meeting (time, date, 1 hour):

Meeting Activities:

The following are the steps you will follow in this focus group meeting. The researcher will not
lead the focus group. It is your team’s responsibility to complete all tasks.

1. Attend the meeting by laptop.

2. Turn on the webcam and microphone.

3. IMPORTANT: During this meeting, you will need to send a private message (at the
moment you realize any NNES is confused) to the researcher (Jialun Yang). The direct
message should include “c” and the initial of the NNES participant who appears confused
to you. For example, "cy" means "I think NNES team member Yasmine is confused."
(The initials of each NNES participant will be sent to you by email.)

o Therefore, in the chat window, make sure you select the researcher (Jialun Yang)

as the person you want to chat with directly.
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4. The researcher will introduce herself, and then she will turn off her camera and

microphone.
o She will stay in the meeting, but most of the time she will not interfere with your
team during this meeting.
o But if you have any technical questions during the meeting, you can send a
private message to the researcher via Zoom.
o If your team is so confused that cannot continue the discussion, the team can ask
the researcher directly by voice.
5. Introduce yourself to your team members and use this time to familiarize yourself with
everyone else. You are free to use but not limited by the topics listed below:

o The alternate name that you are going to use during the experiment

o Your pronouns
o Where are you from?
o Your hobbies or interests

6. Play an icebreaker game, Two Truths and a Lie. You could prepare it before the meeting.

83



How to play

TWO TRUTHS,
ONE LIE

1.0ne person tells 3 "facts"
about themselves, except one
of the "facts" is a lie

Be sure to be random about the order of your
"facts". Also try to recite the facts in the same
voice, so you don't give away the lie.

2. The other people guess
which one is a lie

Everyone will know how everyone else has
voted.

3. The person sets the record
straight by saying the lie, e.g.,
#2 was alli

They may also explain the circumstances for
the other two facts. Everyone else may talk
about how they were fooled or figured out
which was the lie.

4. The next person goes.

o For more details of the game rules (WikiHow, 2017):

https://www.wikihow.com/Play-Two-Truths,-One-Lie.

7. Once all team member has been guessed in the icebreaker game, you can say goodbye

and leave the meeting.
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After Meeting:

The researcher will schedule the Day 2 meeting with you.

Prior to the Day 2 Meeting:

1. The information provided below can assist you in your comprehension of the UX
problems that will be discussed as topics in the upcoming meetings. Please read through
them and feel free to contact the researcher if you have any questions:

o UX stands for "user experience," which refers to the way people interact with a
product, service, or system. A UX problem is any issue that makes it difficult or
frustrating for people to use the product or system.

o For example, have you ever tried to use a website that was hard to navigate or
took forever to load? That's a UX problem. Or maybe you've tried to fill out a
form on a website, but the form was so confusing or poorly designed that you

gave up in frustration. That's also a UX problem.
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#O1 #02

SLOW LOADING POOR READABILITY
TIMES OR LEGIBILITY
If a website or app
takes too long to load,
users may give up and
go elsewhere.

If the text on a website
or app is hard to read,
users may find it
difficult to understand
the content.

#03 H#04

LACK OF MOBILE BROKEN LINKS OR
RESPONSIVENESS ERROR MESSAGES
If a website or app isn't
optimized for mobile
devices, users may
have trouble using it on
their phones or tablets.

If users encounter
broken links or error
messages, it can make
them lose trust in the
website or app.

#05

INSUFFICIENT ACCESSIBILITY
FEATURES FOR USERS WITH
DISABILITIES
If a website or app doesn't describe
images with alternative texts, visually
impaired people cannot use screen
readers to listen to website content.

o Itis possible to have UX problems on physical products or systems as well.



UX EXAMPLES FOR
PHYSICAL PRODUCTS

POOR PRODUCT
ERGONOMICS

If a folding chair is
uncomfortable or
difficult to use, it can
lead to frustration and
dissatisfaction for the
user.

UNINTUITIVE
PRODUCT
INTERFACES

If a dishwasher has a
complicated or
confusing interface, it
can be difficult for users
to understand how to
use it.

INEFFECTIVE
WAYFINDING

People may experience
difficulty finding their
way if there are no
clear directional signs
in buildings or public
spaces.

INSUFFICIENT
PRODUCT FEEDBACK

If a vending machine
doesn't tell users if they
successfully purchased
a product or not, users
will wonder if they need
to try one more time, or

wait longer.

UX problems can come up in lots of different ways, but they all have one thing in

common: they make it harder for people to use the product or system in the way it

was intended. Fixing UX problems is important because it helps ensure that
people have a positive experience when they use the product, which can lead to

higher satisfaction and loyalty.

2. Reflect on any UX problems that you are aware of in the US or in other countries, and be

prepared to share them during the Day 2 meeting.

3. Make sure you changed your Zoom “Display Name” to the alternate name you provided

to the researcher.
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Day 2 Meeting (1 hour):

Meeting Activities:

The following are the steps you will follow in this focus group meeting. The researcher will not
lead the focus group. It is the responsibility of the group members to complete all tasks.

1. Attend the meeting by laptop.

2. Turn on the webcam and microphone.

3. IMPORTANT: During this meeting, you will need to send a private message (at the
moment you realize any NNES is confused) to the researcher (Jialun Yang). The direct
message should include “c” and the initial of the NNES participant who appears confused
to you.

o Therefore, in the chat window, make sure you select the researcher (Jialun Yang)
as the person you want to chat with directly.

4. The researcher will also attend the meeting but with her camera and microphone off.

o She will stay in the meeting, but most of the time she will not interfere with your
team during this meeting.

o Butif you have any technical questions during the meeting, you can send a
private message to the researcher via Zoom.

o If your team is so confused that cannot continue the discussion, the team can ask
the researcher directly by voice.

5. Meeting Guide:
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DAY 2 M

| 1]

= TING

PLEASE FOLLOW THESE STEPS AS A GUIDE

Ol

Open the Miro board. (Link will be sent via email.)

02

List down and discuss one UX problem you found in the United States

or other countries.

« Write down your UX problem on the Miro board by Miro's Post-it
notes.

O3

Listen to the UX problems shared by other members and assist in
recording their problems on the Miro Board using Post-it notes.

04

Discuss the feasibility of solutions to these UX problems. Consider the
potential significant inconvenience for users if the problems remain
unresolved.

05

Each member takes turns to vote on the most discussion-worthy UX
problem by placing a Post-it note with their alternate name next to
the problem.
« Talk about the reasons why you find this UX problem meaningful
to solve.

06

Highlight the problem with the most votes by any Miro tool. In case
of a tie, vote again to determine a top choice.

o7

Once the team has finished all the tasks mentioned above, you can
say goodbye and leave the meeting.

After Meeting:

« Receive an email from the researcher about scheduling an online graph review interview.

o

Accept the Zoom meeting invitation.
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o

If you are not available during the time slot proposed by the researcher, please
reply with a list of available time slots in the following 3 days. After confirmation
with the researcher, a new Zoom meeting invitation will be emailed to you. Please

accept the Zoom meeting invitation.

e Join the scheduled graph review interview on time:

o

Once the interview begins, the researcher will ask you to check for a new email
sent to you personally. This email will contain a timeline chart.
= The graph will consist of timestamps or time segments for moments of
confusion of NNES reported by yourself, NNES, and the facial expression
recognition tool.
Download the graph.
The researcher will review the graph and meeting recording with you without
actually sending the meeting recording.
The researcher will ask several follow-up questions during the review process,

please answer the questions to your best understanding.

e The researcher will schedule the Day 3 meeting with you.

Prior to the Day 3 Meeting:

1. Make sure you change your Zoom “Display Name” to the alternate name you provided to

the researcher.

Day 3 meeting (1 hour):

Meeting Activities:
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The following are the steps you will follow in this focus group meeting. The researcher will not

lead the focus group. It is the responsibility of the group members to complete all tasks.

1.

2.

Attend the meeting by laptop.
Turn on the webcam and microphone.
IMPORTANT: During this meeting, you will need to send a private message (at the
moment you realize any NNES is confused) to the researcher (Jialun Yang). The direct
message should include “c” and the initial of the NNES participant who appears confused
to you.

o Therefore, in the chat window, make sure you select the researcher (Jialun Yang)

as the person you want to chat with directly.

The researcher will also attend the meeting but with her camera and microphone off.

o Feel free to reach her when you have questions.

Meeting Guide:
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DAY 3 MEETING

PLEASE FOLLOW THESE STEPS AS A GUIDE

Ol

Open the Miro board used in the last meeting.

02

There is an example of a problem statement and an empty problem
statement template added to the board by the researcher.

03

Review the problem statement example and the problem your team

voted on during the last meeting.

* Once everyone has finished reviewing, start to build the problem
statement from the template +

04

Discuss and give this discussion a project name.
« Fill it in the template.

05

Fill in all teammates’ alternate names.

06

Engage in a discussion to identify the population affected by the
problem that your team voted for.
« Fill them in the “Targeted population” Box.

o7

Discuss what is the domain of this problem. Is this a problem
happening in Mobile / Web applications or any physical scenarios?
« Fill it in the “Identify domain” Box.

08

Discuss what makes users feel frustrated about this problem. And
what will be the goal if we can redesign it?
= Fill them in the "Problem Statement” Box.

09

Discuss: If you are going to find some data evidence to support your

new design, is there any research you will plan to investigate? What

is this research about? Could you state them as research questions?

« Write down your research questions in the “Research Question”
Box.

10

Once the team has finished all the tasks mentioned above, you can
say goodbye and leave the meeting.
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After Meeting:

(Same as Day 2 meeting)

Post-interview (1 hour):
o After all meetings, the researcher will email you to arrange an online post-interview on

Zoom for inquiring about details that happened during experiments and your thoughts.

® WikiHow. (2017). How to play two truths, one lie. wikiHow. Retrieved April 18, 2023, from

https://www.wikihow.com/Play-Two-Truths,-One-Lie

® Zoom Support. (2023a). Changing your name on Zoom. https://support.zoom.us/hc/en-

us/articles/8715431556621-Changing-your-name-on-Zoom

® Zoom Support. (2023b). Chatting in a Zoom meeting. https://support.zoom.us/hc/en-
us/articles/203650445-Chatting-in-a-Zoom-meeting
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Appendix D: Chart Review Interview Script

Graph Interview Guide (via Zoom)

Researcher: Hi, my name is Jialun. I'm a student and I'm working on this project to understand
how people communicate through video conferencing software. The purpose of today’s interview
is to review how different parties perceived NNES’ confusion during the last meeting and learn
about how you felt while communicating with NNES in the last meeting (He et al., 2017). So, thank
you for taking the time to talk with me. You can answer as in-depth or as vaguely as you like and
if there are any questions you’d rather not answer, that is okay. I am just interested in your honest
feedback. Your answers and opinions will be confidential, and I will not attach your name to
anything you have talked about today. | just sent you an email with a timeline chart. Did you

receive it? Can you download it?

[Wait for the participant to answer "Yes" and complete the download.]

Researcher: Would it be okay if | take notes and record our interview? This will allow me to go
back and understand your answers to the questions while reviewing them. This recording and the
notes will only be used by me and my advisor Dr. Heera Lee to analyze. Any personal identifying

information will not be shared to keep your identity secure.

[Wait for the participant to answer “Yes”.]

Researcher: Do you have any questions before we begin?

Interview Questions

General experience in communicating with NNES
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1. How was the communication with the NNES in the last meeting?

2. Have you used any Zoom features in the meeting, like subtitles or transcripts?

Graphical comparison between emotional detection by NES, emotion reported by NNES, and
facial expression recognition tool

[This part of the interview questions is modified from a study by He et al. (2017).]

[Ask the participant to open the timeline chart consisting of timestamps of NNES’ moments of
confusion that NES detected, and NNES reported during the meeting on Zoom, and time segments

of NNES’ moments of confusion that the facial expression recognition tool detected.]

Researcher: | will show you the recording of the last meeting by sharing the screen. When you're
reviewing the timeline chart, please feel free to tell me which part of the video you'd like to watch
again. During the review process, could you please think aloud and tell me which part of the
timeline chart you are currently reviewing?

[Wait for the participant to answer “Yes”.]

3. Was there anything particularly interesting or surprising about the graphs?
a. About your annotations?

b. About the NNES’ annotations?

C. About the facial expression recognition tool?
d. When you compare yours, NNES’ annotations, and with the graph of the facial expression
recognition tool?
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4. Why do you think these annotations are similar/different?

NES’ strategies to detect confusion among NNES
5. How successfully do you think you were able to identify NNES’ confusion? How satisfied

were you with your performance in accomplishing these goals (Hart, 2006)?

6. How did you identify if NNES were confused (Van der Zwaard & Bannink, 2019)? For
example, did you detect it, by NNES’ direct verbal asking for assistance (e.g., What do you mean?),
NNES’ minimal response (e.g., okay, yeah.), NNES’ non-verbal cues (e.g., laughter, shaking

head.), your previous experience with NNES, or your intuition?
1. If you could not identify some moments of NNES’ confusion while the facial
expression recognition tool can identify them, why do you think so? (B6hme et al.,

2017)?

e Bohme, M., Soremekun, E. O., Chattopadhyay, S., Ugherughe, E., & Zeller, A. (2017).
Where is the bug and how is it fixed? an experiment with practitioners. Proceedings of
the 2017 11th Joint Meeting on Foundations of Software Engineering.

https://doi.org/10.1145/3106237.3106255

e Hart, S. G. (2006). NASA-Task Load Index (NASA-TLX); 20 years later. Proceedings of
the Human Factors and Ergonomics Society Annual Meeting, 50(9), 904—908.

https://doi.org/10.1177/154193120605000909
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He, H. A., Yamashita, N., Hautasaari, A., Cao, X., & Huang, E. M. (2017). Why did they
do that? Proceedings of the 2017 ACM Conference on Computer Supported Cooperative

Work and Social Computing. https://doi.org/10.1145/2998181.2998205

Van der Zwaard, R., & Bannink, A. (2019). Negotiation of meaning in digital L2 learning
interaction: Task design versus task performance. TESOL Quarterly, 54(1), 56-89.

https://doi.org/10.1002/tesq.537
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Roles

- Moderator (team meeting)

Interviewer
Recorder (note-taker)

Orgamizer (editor / modeler)
Good at visualization

Project Name:
Faculty Mental Health

Teammates
(Name | Role):

« Heera Lee | Interviewer
« Hero Lee | Recorder
« Heeman Lee | Moderator

Appendix E: Problem Statement Template

8 participants

1. Target population (be specific)

« New lecturer
« Teaching exp. atUMD 1.2 years
+ gender
- NES/NNES
+ depanment
« online / in-person class

+ Mabile / Web application
« Emais
+ Discord

+ Office

+ (5chool commons
- HBK1234

+ Car /Bus/ Metro

Problem
a statement that discusses.

3, Problem Statement (issue, goal)

+ Overwheimed by new exp.

+ Heavy teaching load

+ Need of proper on-boarding
+ Overbooked Trainings

Lack of lecturer communities

“What are the contributing factors
to the mental health of new
lecturers in higher education?”

“What is the impact of [online
meeting] on the mental health of
new lecturers in higher
education?”
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Appendix F: Post-interview Script

Post-Interview Guide
[Before the interview, email the participant three graphs consisting of timestamps of NNES’
moments of confusion that NES detected, and NNES reported during the meeting on Zoom, and
time segments of NNES’ moments of confusion that the facial expression recognition tool
detected: one is for the Kick-off meeting; one was shown to them after the Day 2 meeting; one

was shown to them after the Day 3 meeting.]

Researcher: Hi, how are you doing? The purpose of today s interview is to learn about how you
felt while communicating with NNES in previous Zoom group meetings and get your thoughts
and opinions about what | am trying to do with this project. So, thank you for taking the time to
talk with me. Today, the questions I'm going to ask you are mostly related to the details of what
happened during the experiment, what you think were the differences in communication between
the day 2 and day 3 meetings, and what are the main issues with the video conferencing
software. You can answer as in-depth or as vaguely as you like and if there are any questions
you’d rather not answer, that is okay. I am just interested in your honest feedback. Your answers
and opinions will be confidential, and I will not attach your name to anything you have talked
about today. Would it be okay if I take notes and record our interview? This will allow me to go
back and understand your answers to the questions while reviewing them. This recording and the
notes will only be used by me and my advisor Dr. Heera Lee to analyze. Any personal identifying

information will not be shared to keep your identity secure.

[Wait for the participant to answer “Yes”.]
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Researcher: Do you have any questions before we begin?

Interview Questions

[The interview questions are modified from a study by He et al. (2017).]

Researcher: | have emailed you three timeline charts, could you open them?

[Wait for the participant to answer “Yes”.]

Researcher: If you want to watch any part of the meeting recordings anytime during the
interview, please feel free to let me know.

[Wait for the participant to answer “OK”.]

Communication comparison between different meetings and the impact of graph review

1. If you compare the Kick-off meeting and Day 2 meeting, did you notice any differences

in how you or others communicated? Please explain.

2. If you compare Day 2 meeting and Day 3 meeting, did you notice any differences in how

you or others communicated? Please explain.

3. What influence did the graph review have, if any? In terms of:
1. Own communication
2. Understandings of NNES’ confusion
3. Attitudes / impressions towards NNES

4. Interactions with NNES
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4. Was the graph review useful to you, when you attended Day 3 meeting? Why or why

not?

5. Would you like to be automatically notified during a meeting that NNES are

experiencing confusion?

® He, H. A., Yamashita, N., Hautasaari, A., Cao, X., & Huang, E. M. (2017). Why did they do
that? Proceedings of the 2017 ACM Conference on Computer Supported Cooperative Work

and Social Computing. https://doi.org/10.1145/2998181.2998205
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