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Abstract

Virtual Reality (VR) is revolutionizing teacher education by offering immersive train-

ing environments where developers can provide teacher trainees with diverse class-

room simulations. As one of the most challenging aspects of teaching, managing

students’ behavior often leads to high stress levels among educators. Mental stress

has been shown to affect heart rate. This study aims to present heart rate monitoring

in VR-based teacher training application Teach-R by collecting and visualizing heart

rate data. To achieve this, the Polar H10 hearing rate sensor and learning analytics

tools such as OmiLAXR and xAPI are used to track and record the heart rate of users.

Real-time visualization in Teach-R and post-session visualization in CoachVR are pre-

sented to help users understand and assess their own performance during the session.

In the user study, both visualizations are perceived as a practical tool to provide in-

formation on heart rate and student behavior. However, the presence of real-time

visualization in Teach-R and the clarity of post-session visualization in Teach-R still

leave room for improvement. Alternative real-time visualizations and possible clearer

guidance for post-session visualizations are proposed to better support user reflection

and teaching improvement.
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Chapter 1 Introduction

Many people may experience a sudden acceleration of their heartbeat. A racing heart

is also quite common among new teachers. The classroom is a high-stakes social

arena. Teachers often face anticipatory stress before lessons even begin. This corre-

lates directly with poorer teaching quality and reduced student engagement. Teach-

ers who are stressed tend to struggle to deliver effective lessons.

1.1 Classroom Management
The concept

of classroom

management

The concept of classroom management is broader in scope than that implied in more

old-fashioned terms like discipline or control (cf. [Mar90]). The term denotes more

than these words. According to [Doy86], the first goal of classroom management is

to create a quiet and calm learning environment that enables students to engage in

meaningful subject learning. The second goal is to support students’ social and moral

development, fostering both their academic and social growth. We can conclude

classroom management as the actions teachers take to create an environment that

supports and facilitates both academic and social-emotional learning (cf. [EW06]).

Educators consistently emphasize the importance of classroom management as a fun-

damental pedagogical skill that teachers must master to maximize classroom instruc-

tion (cf. [ES01]).Classroom

management

can lead to

stress

Classroom management is a stress-inducing aspect of teaching. Student misbehavior

is one of the most cited causes of teacher stress (cf. [LGRM08]).

Poorly managed classrooms are usually characterized by disruptive behaviors such

as sleeping, tardiness, noise-making, incorrect note-taking, eating, name-calling, and

verbal or physical threats to fellow students or the teacher (cf. [Eke06]).Novice teach-

ers are

facing great

challenges

Novice teachers often face challenges in maintaining discipline, handling disruptions,

and managing student interactions while simultaneously delivering instruction (cf.

[SF18]). The perception some teachers have that they are unable to live up to the ide-

als that led them to the teaching profession in the first place often leads them to quit

(cf. [Pos13]). Novice teachers are particularly vulnerable, with 40–50% leaving within

the first five years, often citing classroom discipline issues as a primary reason (cf.

[Ing01]). In secondary school, the perceived classroom management self-efficacy of

teachers is often low. Around half of secondary school teachers across OECD member

countries reported that their training did not include this competence (cf. [OEC20]).

Although effective classroom management practices have been identified, a signif-

icant gap exists between the effective classroom management research base and

teacher training (cf. [FSBMG13]). According to [OR10], 27% of sampled special

educator preparation programs contained a specific classroom management course
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1.2. Teacher Training in VR

(n = 26 programs), and 4% of sampled physical educator preparation programs (n

= 134 programs (cf. [LFH12]). Generally, traditional teacher training programs lack

classroom complexity, new teachers are often unprepared for real-word classroom

management. To address this issue, Virtual Reality (VR) has emerged as an innovative

tool for teacher training, allowing teacher trainers to simulate classroom experiences,

practice management strategies, and receive structured feedback in a controlled en-

vironment (cf. [WMS22]).

1.2 Teacher Training in VR
Teacher

training in

VR is safe

and positive

VR teacher training offers risk-free, immersive learning environments with immedi-

ate and detailed feedback on verbal and non-verbal interactions (cf. [AMRH+24]).

According to [GG20], traditional classroom placements are high-pressure environ-

ments, leaving little room for experimentation. Additionally, mistakes in traditional

classrooms can lead to loss of classroom control, credibility issues with mentor teach-

ers, or missed learning opportunities. In contrast, teacher training in VR can create

a safe space for trial and error, providing feedback without severe real-world conse-

quences.

[AM23] concluded that VR training led to measurable improvements in teachers’ abil-

ity to manage classroom challenges by enhancing classroom control, improving les-

son delivery, boosting confidence, and reducing anxiety. According to the review of

[HRKR21] over the VR teacher training education from 2010 to 2020, most studies

(over 95% in 46 studies) reported positive outcomes, confirming that VR is an effec-

tive training tool. Given these significant benefits, leading applications of XR have

emerged to support teacher training. The following are some notable examples and

their feedback mechanisms.

1.3 Teach-R framework with Unity and CoachVR
Introduca-

tion to the

framework

Teach-R is a Unity VR application for teacher education that was originally started

at University of Potsdam (cf. [WRZR19]). It provides an immersive and interactive

learning environment suitable for training in stressful situations.

Specific scenarios can be created to simulate various teaching challenges (cf.

[HS23]), as one of the important purposes of Teach-R is to train teachers in class-

room management. A key advantage of Teach-R is its capacity to simulate chaotic

classroom scenarios in a controlled manner, while also enabling such situations to be

reproduced with ease. Teach-R simulates the (mis)behavior of students and is used

to teach classroom management. For instance, students can raise hands, have small

talks, throw paper balls, e.g.

The system is now able to capture and analyze teacher gaze behavior and reaction

times, requiring them to prioritize tasks under time constraints (cf. [HS23]). Several

rooms have already been developed, including a chemistry room, a computer lab, and

standard classrooms with various seating plans. Accordingly, student (mis)behavior

also shows slight differences across different types of classrooms.
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1.4. The Polar Heart Rate Sensor

For better setting of scenarios, the instructor will control students’ behavior in the

classroom via web application CoachVR1. However, the link provided here is not the

same as the CoachVR we are currently using, so the older version is included here

merely as a reference to help with understanding the functions of CoachVR. We intend

to rebuild CoachVR with React.js, so the new version CoachVR is currently not directly

reachable via public websites.

Figure 1.1: The VR view of the teacher trainee (left) and the coach on the desktop website

(right)
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1.6. Concept of Data Visualization

• People learn from interactions with other people and content. The actions can

be any events where learning can occur and can be recorded with xAPI.

• When an activity needs to be recorded, the application sends secure statements

in the form of “Noun, verb, object” or “I did this” to a Learning Record Store

(LRS.).

• Learning Record Stores record all of the statements made. An LRS can share

these statements with other LRSs.
Introduction

to Omi-

LAXR and its

advantage

Data collection is the first step in learning analytics. In current Teach-R version, the

pipeline of OmiLAXR (cf. [GHS24]) is used to collect and store data. The tool can be

utilized to monitor various game objects and gather valuable data from Unity.

Even for smaller data collections it may be an overhead, the integration of OmiLAXR

in Teach-R brings many advantages:

• TeachR is planned to use OmiLAXR for other LA use cases. Using it directly,

make the code plug-and-play reusable.

• OmiLAXR targets standardization and unification of data collection of MMLA

and XR. Using OmiLAXR the data will be standardized.

• Using OmiLAXR directly, will potentially generate a huge amount of data. This

way it will generate data additionally to the own created.

• OmiLAXR is using plug-and-play HypeRate plugin (OmiLAXR.HypeRate).

• Using OmiLAXR’s HeartRateProvider, your code will be independent from any

heart rate SDK. By exchanging it, your code should still work.

• Following OmiLAXR modular design, you create FAIR software artifacts.

As for processing and analyzing data, Teach-R already integrated visualizations of fo-

cus, step, and position. For objective assessment of classroom management in Teach-

R, [Har24] already provided an objective feedback about their classroommanagement

skill by visualizing data collected from Unity Engine. Additionally, [Rec25] used real-

time visualization and feedback on voice usage via VR visualizations. The speech and

voice analysis could help teachers manage their vocal health in classroom manage-

ment.

1.6 Concept of Data Visualization
Data visualization transforms data into more easy-to-understand forms. VR has been

promoted as a tool to simplify design, engineering, construction, and management

for built environments due to its sophisticated immersive and interactive visualization

capabilities (cf. [LTW+18]).
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1.6. Concept of Data Visualization

Traditional visualization techniques refer to methods for visually presenting complex

datasets to reveal patterns, relationships, and trends that may not be obvious in raw

data (cf. [BI23]). These techniques convert data into visual elements like points,

lines, bars, and areas, which are then arranged into common formats such as bar

charts, scatter plots, pie charts, histograms, graphs, and tables. These visualizations

are powerful tools for data exploration, analysis, and communication. When people

see visual representations of data, they naturally associate data attributes with visual

properties such as position, length, color, or shape. This enables them to intuitively

interpret information, spot patterns or anomalies, and make informed decisions, even

uncovering insights that might not be immediately obvious (cf. [BI23]). More tech-

niques have been developed for visualizing different types of information over the last

few years. One example is immersive data visualization, it is an easy-to-use technol-

ogy that turns 3D BIM (Building Information Modeling) models into engaging spatial

experiences of design that participants can explore. Another example is immersive

analytics, it is the use of engaging, embodied analysis tools to support data under-

standing and decision making. Immersive analytics builds upon the fields of data vi-

sualization, visual analytics, virtual reality, computer graphics, and human-computer

interaction (cf. [ILQC18]).
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Chapter 2 Related Work

2.1 Presence and Physiological Measurement in VR
The term

presence The term presence is a concept of philosophy. Research (cf. [WH24a]) indicates that

the presence experienced in VR environments enhances user satisfaction, reduces

errors during tasks, and promotes more enduring training effects. The authors de-

scribe presence in the VR context as the sense of "being in the mediated world" and

they also note that the feeling of presence of is not only related to the feature of the

VR environment itself, but it may also have connection with the personality, abilities

and demography of VR users.

2.1.1 The Evaluation Methods of Presence
Evaluation of

Presence: Im-

plicit Method

and Explicit

Method

Regarding the evaluation of presence, this paragraph summarizes the study review of

Halbig (cf. [HL21]). Current methods of measuring presence can be broadly divided

into two types: explicit method that requires active expression from the user, and

implicit method that requires no extra effort for the user. The explicit method mainly

takes the form of questionnaires and interviews, while the implicit method mainly

consists of physiological measurements monitored by the sensor and observations in

the form of quantitative data. The authors further note that the use of explicit methods

in surveys comes with several drawbacks. For instance, response biases can affect

how people answer questions, and it is difficult to know whether participants truly

understand them. Moreover, the reliability of such methods depends on an accurate

recollection of experience. The same study further points out that implicit evaluation

methods help overcome these limitations, with physiological measurements providing

decisive advantages. For instance, by using implicit methods, they can analyze the

user behavior based on the response to a certain stimulus or event and they are able

to avoid relying on the ability of subjects to assess participants’ condition.

Regarding the usage trends of the physiological measurements sensor itself, accord-

ing to the review of [TSR25], the sense of presence measured by sensors is a critical

research area in virtual reality. The review concludes multisensory feedback, the ex-

pression of emotion and new technologies such as light detection can improve the

sense of presence. Their review also summarizes the most frequently monitored part

is the upper body and the placement of sensors is designed to to minimize interfer-

ence with natural movements in VR, namely: head and hands, facial muscles, and

torso (e.g., ECG sensors for heart rate variability).
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2.1. Presence and Physiological Measurement in VR

2.1.2 Real-Time Feedback in VR Systems

Feedback can be given via real-time and asynchronous feedback and both are im-

portant because they are used in this thesis, therefore we will take a look at how

real-time feedback can be given in VR and how this has been adopted, also in regard

to the feeling of presence. Real-time feedback is an important part in contributing

users’ experience and presence need in VR systems. Computerized interfaces with

customizable visual, audio, and haptic modules provide greater flexibility for deliver-

ing enhanced sensory feedback (cf. [SCL+22]). Which Real-

Time Feed-

back is

Effective?

As commonly highlighted in VR research, feedback can be classified according to

the sensory channel involved, namely visual, haptic, and auditory (cf. [SCL+22],

[GGP22]).

For an immersive VR setup, researchers need to know which effective interaction

is more suitable or natural in the case of the specific 3D situation (e.g., visual or

audio) (cf. [SCRJ23]). Moreover, there is an urgent need to understand how different

modalities work together to improve the user experience (cf. [GGP22]). The study

reports an experiment that explores the contributions made to participants’ sense of

presence by haptic and visual feedback in a virtual environment. The finding notes

that bimodal feedback enhances presence compared with haptic or visual alone, visual

alone does not give a better sense of presence than haptic alone, and varying the

location of events enhances presence regardless of feedback modality.

In one study (cf . [SCRJ23]), results are expected to provide guidelines on how to focus

on constructing educational VR content. Researchers investigated the effects of a

few interaction responses on the participants’ perceptions of interest, understanding,

preference, and remembering. They focused on the perception of learning effects,

and it was found that the interaction feedback of a deformable object improved the

participants’ perception of educational effect. Also, participants in the study reported

that the audio response was most effective in the case of remembering. Consider-

ation for

Providing

Feedback

These considerations highlight that not only the technical accessibility of VR sys-

tems but also the design of feedback itself plays a crucial role in determining user

performance and experience. Sanford stated that simpler feedback generally pro-

duces better performance, whereas complex feedback may cause cognitive overload

(cf. [SCL+22]). Moreover, Sanford further noted that simpler feedback is associated

with higher physical arousal, drawing on earlier studies (as cited in Bannert, 2002;

Critchley, 2002). Example:

Visualization

Feedback

In VR Helps

Learning

Prior research suggests that visualization feedback can support learners in grasping

abstract concepts more effectively. For instance, a study was conducted in an intro-

ductory university physics course at a Mexican university, focusing on the role of VR

in teaching vector concepts (cf. [CHZ22]). Students in the experimental group used

PC-based VR equipment and the software Gravity Sketch to manipulate and visualize

vectors within a three-dimensional grid while completing preassigned team activities,

while the control group did not use VR. Learning performance and VR perceptions

were evaluated using pre and post-questionnaires, as well as a perception survey.

The results show that VR provides significant benefits for learning tasks that involve

the visualization of content, with the experimental group outperforming the control

group in problems involving angles and components. Although VR does not enhance

learning for all types of content, students generally recognized its positive impact on

Pu Huang - Heart Rate in Multimodal Learning Analytics in Educational Virtual Reality 9



2.1. Presence and Physiological Measurement in VR

their experience, even when its use was not tied to course credit. Some students fo-

cused more on the technology itself, and a few attributed learning difficulties to VR,

but overall VR improved understanding of abstract concepts and supported motiva-

tion.

2.1.3 Heart Rate as a Presence Measurement Method in VR

Among 78 studies on VR presence between 2001 and 2025, 40% of them utilized

ECG as a heart rate monitoring sensor (cf. [TSR25]). As heart rate monitoring is

a key physiological measurement in the study of presence in VR. The following part

presents several example studies on heart rate in VR.Heart rate in

odor system In one study (cf. [AKH+24]), heart rate was measured together with other signals

(like PPG, ECG, and SCR) using different sensors such as Shimmer, Polar H10, and

Empatica E4. Several sensors were used at the same time to reduce noise in VR and

to compare different sensor placements. Although the main goal was to test the odor

system, heart rate was still an important measure of stress, showing that future VR

stress training for emergency workers can include it to check training effects.Heart rate

during food

intake in VR

In another study about food intake (cf. [OH21]), heart rate was monitored as a phys-

iological marker of presence and emotional arousal during eating in VR. Participants

showed a modest increase in HR when eating in the restaurant scene compared to

the blank scene (79 to 83 BPM), suggesting some effect of the virtual environment

on arousal. However, the effect size was small, and no significant correlations were

found between HR and food intake or masticatory parameters, indicating that HR

changes were limited mainly to reflecting presence rather than influencing eating

behavior.Heart rate

during food

purchasing in

VR

In another study focused on food purchasing behavior (cf. [WH24b]), heart rate was

measured together with electrodermal activity using surface electrodes. Both indi-

cators were higher when participants experienced the immersive VR supermarket

and restaurant scenes compared to the PC-based versions, suggesting that VR trig-

gered stronger physiological arousal. The authors highlight that such physiological

markers, including heart rate and potentially heart rate variability, can serve as ob-

jective measures of presence, overcoming some of the limits of self-report question-

naires. They also suggest that future work could extend this approach by examining

links between heart rate responses, endocrine or metabolic markers, and food-related

decision-making in VR.Heart rate

and height

exposure

In a study of fear in virtual reality height exposure (cf. [GRCP19]), heart rate was

recorded as part of the physiological responses to the virtual height scenario. Higher

heart rate, together with increased skin conductance, indicated stronger arousal,

which in turn was linked to greater presence. This supports the idea that arousal,

reflected in physiological measurements like heart rate, plays a key role in shaping

the sense of presence in VR.

2.1.4 Conclusion for Heart Rate as a Physiological Measurement
Heart rate is

an objective

measure-

ment of VR

experience

engagement

Relying only on questionnaires to assess presence in VR has drawbacks, since they

are subjective and participants’ memories may be inaccurate. Heart rate gives a sim-

ple and objective way to see how engaged people are in VR. When heart rate goes

up, it usually means stronger arousal, which is often linked to feeling more “present”
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in the virtual world. It helps capture what’s going on beyond what people just say

in questionnaires. As presented in Section 2.1.3, it does not mean that we should

overlook the role of questionnaires. A study (cf. [WPH+25]) recommends keeping

questionnaires as an important tool for capturing subjective experience, while com-

bining them with physiological data to gain a more complete understanding. The

study further notes that since presence also depends on individual perceptual–motor

styles, group averages can be misleading, making longitudinal monitoring of individu-

als valuable. Finally, as the authors pointed out, larger and more standardized studies

are always needed to ensure reliable and comparable results.

In many VR settings—such as stress training, eating behavior, shopping, or height ex-

posure—heart rate is often used as a clear sign of arousal and is linked to how present

users feel in the virtual environment. Classroom management is naturally stressful,

so heart rate can serve as a useful signal of teacher arousal and engagement. Adding

HR feedback to Teach-R builds on this known connection between arousal and pres-

ence in VR, while also making it a practical tool for helping teachers train and manage

stress.

2.2 Biofeedback (BF) Introduction

to Biofeed-

back

Biofeedback is a technique that helps people manage body processes once thought to

be beyond voluntary control and is commonly used in healthcare to manage disease

symptoms as well as to improve overall health and wellness through stress manage-

ment training (cf. [FKK+10]). [LF22] describes biofeedback as such a process: In-

struments record physiological signals (e.g., heart rate, breathing, muscle tone, skin

temperature) and return the information to individuals through visual or auditory

channels. At last, by means of biofeedback, users, much like children learning to read

and write, gradually acquire self-regulation skills (cf. [GVMS+16]).

2.2.1 Biofeedback Methods
Introduction

to BFMany existing academic research on biofeedback is situated within the medical

domain. For instance, biofeedback has been applied in the treatment of ten-

sion headaches and chronic pain, as well as in reducing sympathetic arousal (cf.

[FKK+10]). In a review of chronic pain rehabilitation biofeedback, the article summa-

rizes biofeedback can be implemented by following common methods ([CMD+25]):

• Electromyography: A diagnostic technique to assess the health and functioning

of muscles and the nerve cells that govern them by detecting electrical activity

in skeletal muscles.

• Thermal Biofeedback: A method that helps people learn to manage involuntary

physiological processes like skin temperature.

• Electrodermal Biofeedback: A technique that measures the electrical conduc-

tance of the skin, which varies with its moisture level.

• Neurofeedback: A therapy approach that teaches self-regulation of brain func-

tion by displaying brain activity in real time.

• Heart Rate Variability: A measure of the variation in time intervals between

successive heartbeats
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2.2.2 Two-Dimensional Biofeedback(2D-BF) and VR Biofeedback(VR-BF)
The Barriers

in Biofee-

back Area,

especially

2D-BF

The biofeedback provided to users can include Two-Dimensional Biofeedback (2D-BF)

and Three-Dimensional Biofeedback (3D-BF). The media of 2D-BF can be standard vi-

sual diplay on a 2D monitor. However, stimuli used in classical anxiety treatment have

been regarded as quite abstract, complex, or not appealing to patients, hence, leading

to low motivational levels and difficulties of keeping up training (cf. [KGB+22]). This

finding is consistent with the results reported by [GVMS+16], the study further notes

that motivation may stem from external sources (e.g., a pat on the back, or food) or

be intrinsic when driven by self-motivation. The authors suggest that a plausible ap-

proach is to base the reinforcement signal on intrinsic motivation, allowing users to

achieve a balance between task difficulty and skill proficiency, which in turn engages

voluntary attentional processes and higher cognitive functions. As Ryff noted, it is

well-known that human interactions are catalysts of intrinsic motivation (cf. [RK95]).

Nevertheless, the authors still argue that the biofeedback paradigm is still too of-

ten based on solitary human–computer interactions (HCI), with the ‘human variable’

rarely examined.The effective-

ness of VR-

BF compared

to traditional

BF: It is to be

further inves-

tigated

Virtual reality has become a transformative tool that revolutionizes many research

areas, as VR technology developed and the introduction of more precise sensors for

motion tracking, along with enhanced display quality, helped close the gap between

digital and physical experiences. (cf. [FLE+25]). In the context of biofeedback, virtual

reality systems inherently support the real-time requirements of biofeedback applica-

tions, as they combine environments with immediate interaction.

With respect to comparing the effects of 2D-BF and VR-BF, [KGB+22] concludes vir-

tual reality biofeedback interventions seem to be a promising augmentation of tra-

ditional 2D-BF for treating anxiety symptoms. For instance, a study(cf. [BRG19])

tested whether a virtual nature environment could enhance heart rate variability

biofeedback (HRV-BF) with slow-paced breathing compared to standard HRV-BF in

a randomized controlled trial with 60 employees. While both approaches showed

similar physiological outcomes, the VR-based HRV-BF was more effective at reducing

perceived stress after a cognitive stressor, boosting relaxation self-efficacy, decreas-

ing mind wandering, and supporting present-moment focus and attentional control.

These findings highlight the added psychological benefits of immersive VR contexts,

although future studies are needed to examine long-term effects and broader appli-

cability.traditional BF

and VR-BF: it

seems they

are equally

effective

However, the positive effects of VR do not seem to translate into an advantage of VR-

BF over classical BF in terms of effectiveness in a short-training session (cf. [LF22]).

They remark that one reason may be that the motivational aspects emerge only af-

ter several training sessions. They argue that further research comparing long-term

training with VR-BF and traditional BF is needed to determine whether VR offers

added benefits over conventional protocols or VR is better suited as a complementary

therapy. This possible reason is supported by the findings of [GVMS+16], classical

BF as well as VR-BF may both profit of the novelty effect, but over time the abstract,

traditional BF tasks may make it difficult keep up attention and motivation.

Similarly, according to [CMD+25], no between-group differences were observed, in-

dicating that their fully immersive, gamified VR-BF treatment was equally effective

to standard 2D-BF, contradicting their initial hypothesis of greater efficacy of VR-BF.
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Yet, a study [KWN+23] has provided a preliminary evidence that VR technology is

suitable for HRV-BF training in laboratory sessions. The benefits observed are similar

in size to those reported in studies using two-dimensional screens for HRV-BF. Yet, as

mentioned in their discussion of limitations, the novelty and placebo effects of VR-BF

remain to be addressed.

2.2.3 Study of Heart Rate Biofeedback in VR

Nevertheless, some studies on biofeedback have taken advantage of the convenience

offered by VR systems, especially in research on heart rate. Example:

HRV Biofeed-

back Stduy

in VR among

young pait-

ents

In a study of young patients with stress related disorders (cf. [EGH+25]), the VR-

based biofeedback application Conquer Catharsis places users on a virtual island

that can be explored through full-body tracking and handheld controllers. Progress

in the environment is linked to biofeedback tasks: users must reduce their heart

rate below a set threshold for 10 seconds to complete mini-games, such as raising a

submerged platform to cross water. Across eight mini-games, relaxation becomes the

key to advancement in the scene, the progress is lost if heart rate rises again. The

study was generally effective in reducing stress and anxiety across various disorders.

However, the authors’ assumption that VR, combined with gamification elements, as

applied in their study, would particularly benefit children by enhancing motivation

and attentional focus was not supported. Participants in both the VR-BF and 2D-BF

groups rated their treatments as equally enjoyable, engaging, and helpful. Example:

HRV in VR

and Breath

Control

Another heart rate biofeedback study is about the breath control in VR [DCL+24]. The

study recorded participants’ cardiac activity using pulse PPG and respiration with a

chest belt. After a 5-minute baseline, participants completed two VR tasks. The first

was a training game designed to teach paced breathing to lower heart rate, with

biofeedback provided via visual cues. The second was a stressor game in which suc-

cess depended on keeping heart rate low to avoid detection by a virtual creature.

Heart rate thus functioned as the key physiological signal guiding both training and

stressor outcomes. This study showed that VR-based biofeedback training effectively

enhanced HRV. Overall, the findings support the potential of VR biofeedback to pro-

mote autonomic control through slow-breathing techniques. Another

Study of

Breathing

Control/HR

biofeedback

in VR, the

Placebo

Effect is

Examined

Similarly, in Chittaro’s study (cf. [CSV24]), breathing control and heart rate were ex-

amined through biofeedback in VR. The VR experience was designed into five phases,

the phases begin with breath measurement and moving through relaxation and small

interactive tasks. A voiceover guided users to focus on elements of the scene, while

their breathing subtly influenced the environment, and the session ended with a re-

warding scene designed to promote relaxation and engagement. In the third phase,

heart rate was represented by fireflies whose glow intensity was directly mapped to

heart rate activity, providing an intuitive feedback channel inspired by video game

techniques that link visual rhythm to heartbeat cues. The results showed that the

proposed system helped participants to relax. Moreover, the study also examined the

placebo effect, and the authors pointed out that the real biofeedback led to greater re-

laxation as well as greater sense of presence than sham biofeedback (placebo biofeed-

back). A VR Biking

Game StudyEven more approaches to reflect heart rate changes in a biking exergaming study in

VR (cf. [HWO+25]), four groups of visualization were created for biker racing in the
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spring forest. The first group is the change of environment. The visualizations use

dynamic changes in atmosphere and environment to signal deviations from the tar-

get heart rate zone, encouraging users to regulate their effort and return to optimal

conditions. The second group is distortion of reality. These distortion effects use mo-

tion blur and color saturation as intuitive cues to reflect the user’s heart rate zone,

guiding them to maintain optimal intensity by visually linking pace and effort with en-

vironmental feedback. The third group is gamification. Through the use of Non-Player

Character (NPC) pacing and collectible rewards, this design gamifies heart rate regu-

lation by offering clear visual cues and incentives that encourage users to stay within

the target zone. The fourth group is visual overlays.By combining immersive frame

effects and a color-coded GUI scale, this approach provides both experiential and in-

formational cues to help users monitor and adjust their heart rate within the target

zone, while also highlighting opportunities to refine GUI design for VR.How does it

help The study shows that real-time adaptive visualizations, particularly Adaptive NPCs,

help users regulate heart rate more accurately and spend more time in the target

zone without raising perceived exertion. While motivation and enjoyment were not

significantly enhanced across all conditions, results indicate that adaptive designs are

more effective than static or random NPCs in sustaining intrinsic motivation. Overall,

these findings highlight the potential of adaptive visual feedback in VR to support

both precision training and user engagement.

2.2.4 A Conclusion of Current Biofeedback Study
Conclusion

of Current

VR-BF Study

Taken together, current studies indicate that VR-BF is feasible and may enhance

motivation compared to traditional 2D-BF (cf. [CMD+25]). However, findings from

short-term training sessions reveal no consistent superiority of VR-BF, and both ap-

proaches may be influenced by novelty and placebo effects (cf. [KGB+22]). At present,

no strong evidence supports VR-BF as more effective than traditional BF, highlight-

ing the need for long-term, well-controlled studies to determine whether VR-BF pro-

vides genuine benefits or should be regarded primarily as a complementary tool (cf.

[LF22], [GVMS+16]). In any case, across these studies, the effects of VR-BF were at

least equally effective to those of traditional BF [CMD+25]. Some studies employing

VR-BF confirmed its effectiveness, at least by contrasting it with placebo effects (cf.

[CSV24]).

2.3 Human-Computer Interaction (HCI)Introduction

to HCI Human-computer interaction (HCI) is the study of the ways people interact with and

through computers (cf. [Sha96]). HCI seeks to address the growing industrial and so-

cietal need for advanced education and research focused on making computer-based

systems more human-centered(cf. [CKCX+21]). When applied to VR, these principles

translate into the design and use of specific hardware and software technologies that

enable more natural, immersive, and effective interactions.HCI princi-

ples Unless otherwise noted, the following content in this section is cited from Zeng’s sum-

mary [Zen24]. In VR scenarios, commonly used HCI hardware includes VR headsets,

controllers, and sensors, with additional devices such as eye-tracking systems further

enhancing the immersive experience. In VR, key software technologies enable natural
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and immersive HCI. 3D modeling provides the foundation for creating realistic envi-

ronments and objects. Motion capture tracks users’ movements in real time, allowing

natural actions like walking or gesturing. Speech recognition adds verbal interaction,

enhancing realism and collaboration. Together, these technologies are essential for

VR interaction, and their continued development will further expand applications and

enrich user experience. HCI Chal-

lengesTo better understand how these hardware and software components shape user expe-

rience, it is also necessary to consider the challenges and design principles that guide

effective HCI in VR. As Zeng notes regarding the challenges of HCI in VR, improving

interaction requires reducing operational complexity and cognitive load. This can be

achieved by designing simplified, intuitive interactions aligned with users’ needs and

habits. Interfaces should remain clear and uncluttered to minimize distraction, while

artificial intelligence (AI) can enhance the experience by analyzing user behavior,

predicting subsequent actions, and providing intelligent prompts that support task

completion more efficiently.

In conclusion, as Katona’s review notes [Kat21], integrating HCI with 3D VR environ-

ments can enhance cognitive performance, foster creativity, and support innovative

knowledge acquisition tailored to individual abilities. However, Katona also empha-

sizes that users are often slow to adapt to innovation, and the effectiveness of new

interfaces depends on a clear understanding of their limitations.

2.4 Heart Rate Variability as a Stress Indicator
heart rate

can measure

teachers’

stress

Current learning analytics provide valuable insights into teacher performance

through data collection and processing, based on key findings from mentioned re-

search, they primarily focus on cognitive and behavioral aspects such as speech pat-

terns, gaze tracking, and classroom engagement. These factors could be good factors

to analyze the performance of trainees. Furthermore, effective teaching also demands

emotional resilience and stress regulation (cf. [Har20]). Stress is the body’s natural

response to challenges or demands, often manifesting as physical, emotional, or men-

tal strain (cf. [Sel36]). [Qin24] suggests that higher stress levels among instructors

can lead to lower student engagement, decreased academic performance, and neg-

ative teacher evaluations. To address this, heart rate monitoring can emerge as a

physiological data source that complements learning analytics by providing objective

stress measurements. Teacher

stress scaleObjectively assessing teachers’ stress levels is a challenging task. Most studies do not

offer objective feedback on stress level of teacher trainees. The most commonly used

method to measure teacher stress is through self-report surveys. Some well-known

scales include:

• Teacher Stress Inventory (TSI): Includes items about workload, student misbe-

havior, time pressure, and lack of support (cf. [Fim84]).

• Maslach Burnout Inventory (MBI): Evaluates teacher burnout, measuring emo-

tional exhaustion, depersonalization, and reduced personal accomplishment (cf.

[MJL96]).

• Classroom Appraisal of Resources and Demands (CARD): Assesses teachers’

perception of classroom demands versus available resources (cf. [MLF09]).

Pu Huang - Heart Rate in Multimodal Learning Analytics in Educational Virtual Reality 15



2.4. Heart Rate Variability as a Stress Indicator

According to [FSBMG14], some studies also use direct classroom observations to eval-

uate stress-related behaviors, such as: Facial expressions and body language, voice

tone changes (e.g., raised voice, hesitation), and behavioral patterns (e.g., pacing,

fidgeting).Other key

factors of

teachers’

stress

Some researchers also turn to other factors as the key indicator of stress, [SA15] did

not directly measure stress levels but rather assessed classroom management skills.

The study found that student misbehavior is a significant stressor for teachers, par-

ticularly in high schools where adolescents exhibit more challenging behaviors. This

point aligns with the findings of [LGRM08] on classroom management: The study re-

veals that teachers with strong classroom management skills experience lower stress

levels, as they can handle student behavior more effectively. Additionally, teachers

who have taken classroom management courses or read books on the topic feel more

prepared and experience less stress (cf. [İl07]). However, it is still a questionnaire-

based survey.

In the recent decade, researchers have started using objective physiological indica-

tors of stress (cf. [FSBMG14]):

• Heart Rate Variability (HRV): Increased heart rate and lower HRV indicate

higher stress levels.

• Cortisol Levels: Collected through saliva samples, cortisol levels are higher

when teachers experience chronic stress.

• Electrodermal Activity: Measures changes in skin conductance, which reflects

emotional arousal due to stress.

Heart Rate Variability (HRV) measures variability in the time interval between heart-

beats. According to [KCB+18], HRV is a valid and objective measure of psychological

stress. [FARBG16] used Heart Rate Variability (HRV) as a key stress indicator to as-

sess short-term mental stress. It confirms the correlation between HRV frequency

power ratios and stress intensity and develops a model for predicting HRV under

stress. HRV analysis has been applied in various training settings, including medi-

cal education, sports performance, and emergency response training. [FBR+23] used

wearable HR sensors to track how students’ heart rates changed during different

teaching activities, suggesting that a similar approach could be applied to teacher

trainees. [HRKR22] found that larger class sizes in VR classrooms led to significantly

higher heart rate and perceived stress levels of teachers. Interestingly, in the study

of [WRLH24], trainees were required to write down detailed reflections after each

session, researchers found more frequent use of these words ("I, me, my") was linked

to higher stress levels during teaching. This aligns with the findings of the HR part of

the study. however, HR data is available for only a subset of participants in this study.

[BC23] examined HRV and perceived stress in teacher trainees, demonstrating that

new teachers experience “reality shock,” with stress levels decreasing over time. InReasons

for using

heart rate

visualization

our study, we focus on heart rate rather than heart rate variability (HRV). Since HRV

is not only influenced by autonomic nervous system activity but also mathematically

dependent on heart rate due to the inverse relationship between RR intervals and

heart rate (cf. [Sac14]). The authors state HRV analyses can be biased when individu-

als differ in their baseline heart rate, unless corrected through complex normalization

procedures. Heart rate, by contrast, provides a more direct and robust physiological
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indicator that avoids such mathematical confounds. Moreover, given that HRV is dif-

ficult for non-experts to interpret, presenting heart rate directly is more intuitive and

accessible in non-medical contexts. HRV remains a valuable analytical tool and can

be processed in the background to provide more in-depth insights into users’ physio-

logical states without requiring them to interpret complex metrics.

2.5 Training for Stress Management of Teachers
2.5.1 self-efficacy and stress

Introduc-

tion to

self-efficacy

The concept of self-efficacy was introduced by Bandura (1977, as cited in [TMH07]) as

an assessment of one’s belief in their ability to achieve a desired level of performance

in a specific task. Teachers who doubt their ability to succeed with certain students

often put in less effort, give up quickly when challenges arise, and may not use helpful

strategies they already know (cf. [TMH07]). Insufficient

self-efficacy

can leat to

stress

Teaching is a challenging profession, and teachers experience stress due to the dif-

ficulties associated with shifting educational policies, disengaged or dissatisfied par-

ents, and the behavioral, emotional, and academic needs of diverse students. This

stress often contributes to increased burnout and reductions in self-efficacy, as pro-

longed stress may result in burnout, understood as the gradual build-up of job-related

stress that undermines professional performance. (cf. [AV24]). Similarly, Skaalvik

notes (cf. [SS16]): "For teachers, low levels of self-efficacy (i.e., negative beliefs about

their abilities to succeed in teaching and managing their students) can lead to low

levels of satisfaction with the profession" . In light of these challenges, professional

development training has been emphasized as an important support mechanism: "In

the ever-evolving educational space, professional development training plays a piv-

otal role in empowering teachers with the knowledge and skills required to enhance

their instructional practices and improve the quality of education. Importantly, pro-

fessional development training programs have long been recognized as catalysts for

improving teaching quality and student outcomes" (cf. [SLA24]). Overall, all stake-

holders involved in the current research acknowledged the impact of emotional and

physical demands on educator stress management well-being (cf. [ZPB+24]).

2.5.2 Different Training Approaches

Different training approaches have been explored to determine their effectiveness in

reducing teacher stress and enhancing self-efficacy. Study: SEL

One framework that connects professional development with teacher well-being is

Social and Emotional Learning (SEL), which provides both practical coping strategies

and a broader developmental foundation. According to the Collaborative for Academic

Social and Emotional Learning (2013, as cited in [ZPB+24]), SEL is a comprehensive

framework that emphasizes self-awareness, self-management, social awareness, rela-

tionship skills, and responsible decision making in educational contexts. As noted in

Zito’s study, integrating stress management training into teacher preparation aligns

closely with the principles of SEL. Positioning stress management within the SEL

framework not only equips pre-service teachers with practical coping strategies for

professional challenges but also provides a broader developmental foundation that
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enhances their resilience, well-being, and long-term sustainability in the profession

[ZPB+24].Study: CL

Building on this, specific instructional approaches such as cooperative learning (CL)

have been examined for their potential to simultaneously enhance teacher efficacy

and reduce stress. In Anton’s Study (cf. [AV24]), it demonstrates that CL, a student-

centered instructional approach where small groups work together under conditions

of positive interdependence and individual accountability, when supported by Peer-

Learning.net, can play a meaningful role in reducing teacher stress and burnout

while enhancing self-efficacy. Although the effects did not extend to all domains, the

improvements in emotional exhaustion, personal accomplishment, student engage-

ment, and instructional strategies point to clear benefits for teacher well-being. When

paired with prior evidence of CL’s positive impact on student outcomes, these findings

suggest that CL represents a promising instructional approach with the potential to

benefit both teachers and students.Study: TPD

Similarly, research on Teacher Professional Development (TPD) highlights that train-

ing programs are most effective when they integrate resilience-building strate-

gies alongside instructional improvement. In Shakimova’s examination review(cf.

[SLA24]), the study shows that TPD works best when it includes resilience-building

strategies. Traditional TPD often focuses on improving teaching skills but tends to

miss the personal and contextual challenges that create stress for teachers. Adding

resilience elements can ease job-related stress, help teachers handle professional de-

mands, and improve their overall well-being, especially for female teachers. While

years of service do shape resilience, resilience-focused TPD (TPD-R) can boost and

speed up this ability no matter a teacher’s experience level. Overall, the findings sug-

gest that TPD should be designed not only to improve classroom practice but also to

give teachers the support they need to stay healthy and sustainable in their careers.

2.6 Teacher Training Application
VR Training

is a safe place

for teachers

to make

mistakes

VR teacher training offers risk-free, immersive learning environments with immedi-

ate and detailed feedback on verbal and non-verbal interactions (cf. [AMRH+24]).

According to [GG20], traditional classroom placements are high-pressure environ-

ments, leaving little room for experimentation. Additionally, mistakes in traditional

classrooms can lead to loss of classroom control, credibility issues with mentor teach-

ers, or missed learning opportunities. In contrast, teacher training in VR can create

a safe space for trial and error, providing feedback without severe real-world conse-

quences.VR training

effect is

positive

[AM23] concluded that VR training led to measurable improvements in teachers’ abil-

ity to manage classroom challenges by enhancing classroom control, improving lesson

delivery, boosting confidence, and reducing anxiety. According to the review of (cf.

[HRKR21]) over the VR teacher training education from 2010 to 2020, most studies

(over 95% in 46 studies) reported positive outcomes, confirming that VR is an effec-

tive training tool. Given these significant benefits, leading applications of XR have

emerged to support teacher training. The following are some notable examples and

their feedback mechanisms.
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Breaking Bad Behaviors (BBB)
Introduction

to BBB and

its feedback

mechanism

Developed by (cf. [LLH+16]), Breaking Bad Behaviors (BBB) is a virtual classroom

management training environment that provides realistic student behaviors, allow-

ing teachers to practice handling disruptive behaviors. In the system, the instruc-

tors control the students’ actions. They can control the overall disruption level(Null,

Low, Mid-Level, High, Extreme) for the entire class, trigger specific behaviors or dia-

logues for individual students, or automate student responses using a behavior tree.

If trainees fail to intervene correctly, the disruptive level will escalate.

Figure 2.1: Feedback and control mechanisms in BBB (cf. [LLH+16])

Synchronous Feedback: The Thumb-Up and Thumb-Down buttons provide immediate

feedback to the teacher trainee during the session (manipulated by human instruc-

tors).

• Thumb-Up Button: When pressed, the trainee hears a ding sound, signaling

instructor approval for a well-suited classroom management decision.

• Thumb-Down Button: When pressed, the trainee hears a buzz sound, indicating

that their response to student behavior was ineffective or not.

• Mute Option: Instructors can enable or disable the feature if they believe it is

affecting the teacher’s immersion or concentration. With this button, the system

can avoid interrupting the training.

Asynchronous(Post-Session) Feedback: In addition to real-time and human instruc-

tors’ feedback, the system also provides performance analysis, such as the time taken

to respond to disruptions. Trainees can also review video recordings to self-analyze

their tone of voice and body language.

TeachLivE™ (TLE)
Introduction

to TLE and

its feedback

mechanism

TeachLivE™ (TLE) is a mixed reality environment and began as an idea created when

one of the authors was given a semester to think with colleagues across campus about

a different approach to a problem of interest (cf. [DHH+15]).
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During the practice, the avatars’ behaviors can be manipulated to create an authentic

yet targeted experience. The educator in the simulator’s performance can be coded

on a specified skill to facilitate coaching. Post-session feedback is completed or a

computer summary of performance can be provided by an automated system.

TLE creates authentic interactions, allowing trainees to engage with student avatars

in real time through their movements, actions, and discourse. The avatars in Teach-

LivE embody specific archetypes typified by common personalities that exist in any

classroom environment. Real-Time feedback such as verbal and nonverbal cues in-

cluding verbal reactions, body language and facial expressions from avatars.

Post-Session Feedback: Teachers have the opportunity to review recordings of their

simulation sessions, allowing them to self-assess and identify areas for improvement.

The system can generate reports analyzing various aspects of the teacher’s perfor-

mance including the frequency of higher-order questioning or the balance between

teacher and student talk time.

Didascalia Virtual-ClassRoom (DVC)
Introduction

to DVC and

its feedback

mechanism

Based on [BCDNLG+20], Didascalia Virtual-ClassRoom (DVC) provides animmersive

VR experience. Trainees are placed in a virtual secondary school classroom. They

must respond to three common disruptive behaviors: challenging teacher authority

(e.g., students arguing with the teacher), peer disruptions (e.g., students chatting

or distracting others), and group conflicts (e.g., a student refuses to work with a

group). The system tracks how trainees respond to disruptions and categorizes their

reaction(Proactive, Reactive and Avoidant). The system dynamically responds to the

user’s actions, including tone of voice, speech content, non-verbal cues, proximity to

avatars, and gaze direction. In the post-simulation phase, human instructors play a

vital role by facilitating reflective discussions, providing personalized insights, and

helping participants translate their virtual experiences into effective teaching strate-

gies.

2.6.1 Feedback Mechanism

Feedback Mechanism is a critical part in educational VR systems. The isolation in VR

settings can diminish users’ enthusiasm and interest due to a lack of immediate social

interaction (cf. [WPH24]).Conclusion

of BBB, TLE

and DVC

feedback

Mechanism

The feedback can be synchronous and non-synchronous. In BBB, real-time feedback

is provided in the form of system sound, and in TLE, real-time feedback is provided in

the form of the expressions of virtual students, in DVC, after a disruptive behavior oc-

curs, eg., virtual students can come to the teacher and express his or her displeasure

with the content of the class. The system evaluates the user’s actions by capturing

the available parameters before and after a critical incident. The system responds to

these inputs (with a decision tree) by triggering different reactions (proactive, reac-

tive or avoidant) in the students. And in the example video of DVC, classroom sound

like a burst of laughter is also provided to support feedback 1.

1 See The DVC Video Clip at Youtube at https://www.youtube.com/watch?v=ghAOEGerz7g.
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From a system-level perspective, post-session feedback in BBB includes system-level

generated performance analysis. In TLE, the system can generate a report to analyze

performance such as the balance of teacher and student talk time, in DVC, the sys-

tem always dynamically records and analyzes teachers’ action, especially the speech

analysis of the teachers. In all 3 systems, BBB and TLE provide recordings of the sim-

ulation process, allowing teachers to watch and self-evaluate their own performance.

Teach-R currently does not provide functionality for coaches to record their opinions.

The coach mainly serves as a scenario controller or takes on the role of a peer re-

viewer after the session (cf. [Har24]. VR system

can use hint

to support

users

The reward feedback mechanism is also important, as shown in [FFC+25], reward

feedback was more effective than no reward feedback in improving behaviors related

to attention deficits in children. As described in DVC system, a burst of laughter is

counted as a form of reward feedback mechanism in educational VR training.

Summarizing the above three systems, a simple classification of the types of feedback

mechanisms can be conclude here:

• Instructor Feedback: A human instructor can monitor the trainee’s actions and

provide real-time or post-session feedback on the skills of teaching.

• Student Behavioral Feedback: Feedback can be involved with particular target

behaviors, such as talking to a student directly or the expression changes of a

student.

• Data Feedback: Classroom data of teachers can be recorded and analyzed, such

as speech rate, distance to students, and response speed.

• System Feature Feedback: The feature(i.e., voice) of the system can be used as

a form of reward feedback to reinforce desired teaching skills.

2.7 Learning Analytics Visualization in Teach-R
Current

Teach-R

learning

analytics

visualization

Several 3D visualizations have already been integrated in Teach-R to display different

collected data. In Research Focus Class on Learning Technologies(RFC) in 2023 at

RWTH Aachen University, data tracking and visualizations have been implemented

into Teach-R (as cited in [Har24]): including position, rotation, interaction, and eye

tracking as well as the tracking of events on the coach website. Most of the collected

information consists of three-dimensional data points or vectors. These data were

visualized directly within the VR application: user position was shown through a heat

map, eye focus on students was represented with a transparency map, and an ad-

vanced scatter plot was created to depict position together with rotation data of the

user and their hands (cf. [Har24]). Visualization

of classroom

management

As noted before, Teach-R was originally implemented to help teacher trainees prac-

tice classroom management (cf. [WRZR19]). Aiming to give an objective foundation

for further discussion after a session and for it to be used for self-reflection to aid the

user in increasing their sense of self-efficacy, the visualization menu was improved to

trigger all visualizations in Teach-R and was further integrated with classroom man-

agement visualization by Hartanto in 2024 (cf. [Har24]). The author introduces two

scores for each student, describing the student’s disturbing behavior (Disturbance

Score) and the user’s ability to manage said behavior (Teacher Control Score). The
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The Teach-R application was extended with a visualization feature for voice analysis

(cf. [Rec25]). In the study, two visualizations were implemented to represent voice

volume (see Figure 2.4 and 2.5). The first is a circular visualization, where a colored

sprite (blue at the center, red at the edge) scales according to the user’s speaking

volume and position. This provides a spatial indication of how loudly the teacher

is speaking in the virtual classroom. The second visualization is a fog visualization,

which uses Unity’s built-in fog effect. The density of the fog increases or decreases

relative to the speaker’s volume, simulating the logarithmic behavior of decibels. This

creates a surrounding atmosphere that changes dynamically with voice intensity. Fur-

ther, the Teacher Clone is also provided for voice replay. The Teacher Clone in Teach-R

is a simplified copy of the teacher model placed in the virtual classroom. It can in-

teract physically, record and replay audio when touched, and provides a basic tool

for teachers to review and reflect on their communication during training. The study

also includes a visualization page (Figure 2.6) in CoachVR that displays text content,

waveforms, and basic text analysis.

Figure 2.4: Circular Volume Visualization

(cf. [Rec25])

Figure 2.5: Speech Fog Visualization (cf.

[Rec25])

Figure 2.6: Voice Analysis Page in CoachVR (cf. [Rec25])

Teach-R has incorporated diverse visualization methods—such as heat maps, scatter

plots, bar charts, color coding, surface maps, fog effects, and clones for replay. The
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presented visualizations have mainly focused on focused on behavioral and commu-

nicative aspects. The heart rate monitoring can extend as a physiological indicator of

stress and classroom engagement.
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Chapter 3 Conceptualization of
Visualization

The goal is to provide heart rate visualization in Teach-R and post-session visualization

feedback. Possible solutions and restrictions of visualizations will be presented here.

3.1 Visualization in Teach-R
3.1.1 Visualization Form

Heart rate is

a physiolog-

ical data in

Teach-R

As introduced in Section 2.7, existing visualizations in Teach-R are in 3D and they

focus on behavioral data. Heart rate, as a form of physiological measurement, is

relatively difficult to externalize, especially within the classroom environment. As

introduced in Section 2.1 and Section 2.2, some studies have still explored 3D

heart rate visualization in VR. In these studies, variations in heart rate were used

as a controlling factor that determined the content presented to users within the VR

environment. By maintaining a specified heart rate, users could unlock or change

scenes(cf. [DCL+24], [EGH+25], [HWO+25]), or experience additional special heart

rate feedback such as changes in the glow intensity of firefly-like visual effects within

the VR environment (cf. [CSV24]). Limitations

for visualiza-

tion

However, most of these studies employed VR scenarios specifically designed for heart

rate research, whereas in Teach-R we must consider whether such designs might con-

flict with its primary task of classroom management. For instance, visual distortions

and frame rate alterations would significantly interfere with teachers’ instructional

activities, making them unsuitable for integration into Teach-R. Any NPCs or reward

objects that appear in the classroom must also be contextually appropriate and peda-

gogically reasonable.

Therefore, as inspired by mentioned studies in Section 2.2, the design of visualiza-

tions can be considered from the following two perspectives. Possible vi-

sualization

method

One is the change of the classroom environment. The elements of the environment

can be the overall color tone of the scene, the intensity of classroom lighting, and

the weather or scenery outside the classroom windows can be used as mechanisms

to convey heart rate feedback. We should always remember that during classroom

activities, changes of the environment should not affect the teaching experience.

The other one is the visual overlay. We may slightly adjust the VR headset’s field of

view or directly use a GUI within the scene to display heart rate. However, it is also

necessary to consider the impact of these settings on both immersion and contextual

appropriateness in the classroom. As Hein commented in their study (cf. [HWO+25]),
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the design should allow users to “read” their body’s performance through in-world

cues, not external metrics. They think this approach aligns with broader HCI work on

embodied interaction and tangible computing, where the boundary between system

and body becomes more fluid and perceptually integrated.The heart

rate range

should

be well-

managed

But there is something we need to keep in mind about the change of environment

visualization method. It is a common sense that heart rate variations are expected

to be more moderate compared to the pronounced fluctuations typically observed in

physical exercise or horror-based VR scenarios. Taking individual differences in heart

rate into account, the effects of environmental changes may either go unnoticed or

make it difficult to establish a reasonable mapping range. Therefore, visual overlay

will be adopted as the primary approach for conveying heart rate feedback. Con-

sidering change of environment is a highly promising approach, the visual overlay

will still incorporate heart rate zones, serving as a preparatory step for implementing

environmental changes as feedback in the future.The Smart-

watch Im-

plementation

Idea

The next step is to consider how to implement the visual overlay, either by enforcing

it directly in the VR headset’s view or by displaying it through an object within the

classroom.
The initial

plan of HR

vislization

The initial idea of heart rate visualization is to reuse the visualization panel (as shown

in Figure 3.1) and display the visual content. The menu now has a data visualization

panel that integrates footstep tracking, positional data, and eye focus information.

It can be accessed from a textbook object on the teacher’s desk in the classroom of

Teach-R. For better visualization, it is essential to first resolve the problem of the

presentation medium.

Figure 3.1: The current visualization page menu (cf. [Har24])

Choose a suit-

able modality

for heart rate

display

As the visualization of heart rate monitoring holds significant real-time value, lim-

iting heart rate visualization to post-session presentation is regrettable. Given the

immediacy of heart rate, we also want users to be able to see the heart rate display

directly without having to intentionally open an object. At present, the visualization

depends on opening a book object in the classroom. If the heart rate display has to be

accessed through this point, it means that whenever users want to check their heart

rate, they need to walk to the textbook and open the visualization interface, or keep

the heart rate display mode turned on all the time. Hence, if we intend to visualize
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heart rate changes in real time, determining a suitable medium for presentation poses

a significant challenge. Direct display

in the view

in not immer-

sive

We also considered whether the heart rate could be directly displayed in numerical

form within the VR view. However, this idea was soon dismissed, as mentioned in

Section 2.1, the sensation of "being there" is a key aspect of the VR (cf. [Bai18]).

Directly displaying heart rate in the VR view is not consistent with real-world logic.

Introducing elements that feel unnatural could disrupt the VR experience. One possi-

ble alternative is to display the heart rate in the view only when there are significant

changes. However, this would still inevitably interfere with the VR scene, and de-

termining the appropriate timing for such displays would also require careful design.

Moreover, such forced displays might distract trainees and potentially increase their

anxiety. The smart-

watch is

an optimal

method

Thanks to Grioui’s study (cf. [GB23]), their work on heart rate visualization through

virtual smartwatches has provided us with significant inspiration. Displaying visu-

alized data through a virtual smartwatch proves to be a suitable method. Firstly, it

preserves the trainee’s immersion in the VR environment, as a virtual smartwatch is

not unnatural. Secondly, it can reduce psychological discomfort, as the heart rate is

not constantly imposed upon their view. Moreover, according to [Bla21], when people

look at the data during the course of an activity, usually they consume the information

in short time-lapses (individual glances of 5 seconds or less). This allows us to deliver

a visualization with higher information density in a virtual smartwatch.

3.1.2 Visualization Decisions on Smart Watches

Various methods exist for visualizing heart rate. The most common way to present

heart rate is through line charts. Depending on the specific context or scenario, other

methods are also used. Challenges

in the smart-

watch visual-

ization

The challenge is to design the visualization on the smartwatch. In Figure 3.2, there

are some example ideas of 2D heart rate visualization. However, the design process

must first consider the visual quality of the visualization on a small smartwatch in

VR environment, and secondly, the density of information conveyed to ensure clarity

without overwhelming the trainee. To achieve the second goal, we also have to con-

sider two aspects. First, the raw data from the device is quite basic and may have

latency, which can hinder the accuracy of visualization and lead to misinterpretation

(cf. [GB23]). Secondly, [AHBI17] emphasized the importance of having a combination

of data types to improve clarity and readability. Therefore, when designing visualiza-

tions, we should follow these principles:

• 1.Use commonly accepted and standardized formats to facilitate quick re-

sponses from trainees.

• 2.Use a clear format that is easy to read on a small device such as a smartwatch.

• 3.Present historical data rather than isolated values to avoid delays or misinter-

pretation.

• 4.Combine multiple visualization methods to support accurate interpretation.
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these two types of data in parallel within a single view. An easy solution is to provide

the current status of all students in a floating window at any selected point on the

heart rate chart. However, this method is not sufficiently intuitive, because the over-

all information on student activities is hidden, it is difficult for users to form a general

understanding of student behaviors throughout the entire session. Two possible

approachesThe other two possible visualization approaches can be considered. The first is a

parallel timeline view. Heart rate and student behavior events are overlaid along

the same time axis, enabling users to observe their relationship at a glance. This

approach has the advantage of being intuitive and providing a holistic overview of

the entire session, but it may become visually cluttered when the amount of data is

large. The second is an event-aligned visualization. Student behavior events serve

as anchor points and heart rate changes before/during/after these events can be ex-

amined. While this method supports a more detailed analysis of the physiological

responses associated with specific classroom dynamics, it provides less immediate

visibility of the session as a whole.

Since preserving a holistic perspective of both student behaviors and heart rate was

essential, we opted for the parallel timeline view approach, despite the fact that it in-

evitably introduces some visual clutter in the visualization. This clutter can be allevi-

ated through techniques such as zooming into particular time segments or presenting

more information via floating windows. Spatial Mem-

oryIn addition to providing an overall impression of the entire session over time, we also

want to provide some impressions in terms of space. In Teach-R, teacher trainees

can see the students’ names, and as described in Section 2.7, the classroom seating

plan also differ. Therefore, teachers have a spatial memory of the entire session,

and if the corresponding student seating information could be displayed alongside

the heart rate statistics, it would help teachers with recall and self-assessment. The

seating plan can be visualized using a scatter plot, with each point representing a

student and color coding used to indicate corresponding student behaviors. In the

seating chart, we want to show what behaviors each student engaged in throughout

the entire time period. With the availability of these two views, teacher trainees are

able to reconstruct the session along both temporal and spatial dimensions. Choices of

ChartsThe next issue concerns the choice of visualization method. Generally, as a form of

time-series data, heart rate can be represented using line charts, scatter plots, or bar

charts. To maintain visual continuity, line charts and bar charts are the two primary

options. However, because heart rate is collected at a high frequency, bar charts

would require rendering a large number of bars. For the sake of both performance

and simplicity, the line chart is therefore the preferred option. The remaining chal- Integration of

Seating Planlenge is how to integrate the seating plan into the visualization. The two time-series

datasets already generate a considerable amount of information, and adding the seat-

ing plan on top of this would make the visualization even more cluttered. Therefore,

we considered presenting the seating plan as a separate view, which can be integrated

into the visualization as a switchable option.

3.3 Color Scheme of the Visualization Choices of

colorThe goal is to create a colorblind-accessible visualization with clearly distinguishable

colors even on a small smartwatch screen. People with color blindness can perceive
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a wide range of colors, but certain color combinations are difficult for them to distin-

guish. According to Okabe (cf. [OI16]), following are two simple principles of Color

Universal Design.

• 1.Choose color schemes that can be easily identified by people with all types

of color vision, in consideration with the actual lighting conditions and usage

environment.

• 2.Use not only different colors but also a combination of different shapes, posi-

tions, line types and coloring patterns, to ensure that information is conveyed to

all users including those who cannot distinguish differences in color.

Okabe (cf. [OI16]) recommended color combinations of 3–4 colors.

• 1. Color Universal Design (CUD) Recommended Set (3 colors): Blue: 0072B2,

Orange:E69F00, Green: 009E73

• 2. CUD Extended Set (4 colors): Blue: 56B4E9, Orange: E69F00, Bluish Green:

009E73, Yellow: F0E442

These colors are from the Color Universal Design (CUD) guidelines developed by

Masataka Okabe and Kei Ito, which are widely cited in scientific and academic visual-

ization and are scientifically tested to remain distinguishable under all major types of

color blindness. The color design mentioned here is used in Teach-R, while the color

design in CoachVR is consistent with the color scheme of student behavior.
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Chapter 4 Implementation

4.1 Implementation in Teach-R The role of

Teach-R in

the simula-

tion session

Teach-R serves as both the simulation host for classroom activities and the provider

for real-time heart rate visualization and data transmission services.

4.1.1 Preparation Work

To implement the Learning Analytics functionality effectively, we need to introduce

several key dependencies.

• Follow OmiLAXR the set-up instructions and use tools provided to edit xAPI

definition in the project

• Include LRSFetcher prefab and scripts to query and fetch from Learning Record

Store

• Include StudentTrackingBehaviour.cs and StudentTrackingComposer from eye-

track-development branch to record the activities of virtual students.

4.1.2 The SmartWatch in Unity

All heart rate visualizations are rendered directly on the smartwatch. The goal of

the smartwatch is to present real-time heart rate data to Teach-R users in a way

that remains calm and unobtrusive—providing useful feedback without demanding

excessive attention. The guiding

principle:

indepen-

dent module

design

One guiding principle is the independence of individual modules. Thanks to the Omi-

LAXR pipeline, the heart rate data provider is designed to be independent, meaning

that we can switch to any other theoretically feasible method for heart-rate transmis-

sion with minimal modifications.

With this foundational architecture in place, the Heart Rate Manager enables us to

effortlessly adjust heart rate display and transmission parameters—such as update

frequency.

All functionalities are encapsulated within a single prefab. Activating the instantiation

controller is all that’s needed to enable the smartwatch feature. This design allows

us to start or stop the functionality at any time within the project with ease.
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4.1.6 Sending wrapped packets

To achieve this, the package TeachR.RTC must be included.

To send a data packet to the port, we need to package the data in JSON and include

a header. Since sending packages is quick and simple, each data module handles its

own transmission in its respective script.

Each script first collects and stores data in its corresponding container, then serial-

izes the data and sends it to the specified port at one time. The entire query-and-

transmission process usually completes within 5 seconds.

4.1.7 The Instantiation of the Smartwatch

The smartwatch instantiation is implemented in SmartWatchInstantiationCon-

troller.cs. One feature in this script is to ensure that the smartwatch is correctly

attached to the teacher’s Left Hand game object.

In Teach-R, the hand and forearm are separate—disconnected at the wrist. Since the

watch needs to sit on the wrist, we had to decide whether to attach it to the arm or the

hand. Ultimately, we chose to attach it to the Left Hand, because it will be easier to

rotate the hand to look at the watch, even though this may cause some mesh clipping

at certain angles.

To ensure correct positioning and rotation, at first manually adjusted the smart-

watch’s position and orientation during runtime until it aligns properly on the

teacher’s Left Hand. Then record values (Transform and Rotation) from the Inspector

and input them into the instantiation script. This ensures the watch consistently fits

correctly across different scenes.

To maintain low coupling and high cohesion across modules, we write this prefab-

based instantiation controller so the smartwatch can be shown or hidden as needed.

4.1.8 The challenges
The chal-

lenges in

Unity

Numerous challenges arose during the implementation. In Unity, most of the issues

we encountered were related to compilation management and the Unity life cycle.

Incorrect script compilation order or life cycle misuse can prevent the project from

running correctly or lead to errors. Since we need to control the heart-rate update

frequency, we implement a Timer to calculate the time elapsed since the last update.

When we initially implemented the Timer, it didn’t work at all. After a long time of in-

vestigation and searching, it occurred that the issue likely stemmed from integrating

the OmiLAXR pipeline and introducing coroutines, which caused the Timer to fail.

Another challenge is Unity versioning. Different Unity versions break some OmiLAXR-

related dependencies, forcing me to either comment out code or tweak version check

branches manually.

Using Unity’s UI components, such as TextMeshPro, would cause the entire screen to

freeze. At the time, we could not identify what was triggering the problem and had to

manually check each GameObject one by one to locate the offending UI component.

Replacing it with a simpler Text component resolved the issue—but the mechanism

behind the bug remains to be explored. The chal-

lenges

in Unity-

CoachVR

Framework

The biggest challenge is the transmission from Unity server end to React front end.

The new CoachVR version is not stable enough. Starting the React front end first
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4.2. Data Visualization in CoachVR

• Gantt Chart: Highlight Activity: Click on bars. Click again to cancel.

• Classroom Seat Graph: Highlight Activity: For any student, click on small

squares to show all activities of that kind. Click again to cancel.

• Additionally:

1. A floating toolbar for buttons: a. Switch graph b. Clear highlights c. Freeze

data: For the sake of convenience of focusing on a specific interval while having

a good general overview in line graph, enable this to avoid synchronizing data

in Gantt/Seat when Zoom in/out

2. Hover windows for detailed information are always enabled in all graphs.

3. Shared time axis for all graphs. Shown data are always consistent in 3 graphs

unless the Freeze button is pressed.

4.2.4 Packet Reception and Data Process
Where Packet

Reception

happens

Packet reception is handled in websocketSlice.js, after which the different data is

stored in React’s DOM. When using the data, the scripts read it from React state,

access the DOM via refs only when we truly need imperative reads (e.g., uncontrolled

inputs or direct DOM manipulation).The mech-

anism of

Apexcharts

ApexCharts re-renders primarily on React state/props updates. When users change

series or options, the chart automatically updates.

The series changes or option changes are mainly activated by users’ Zoom-in/Zoom-

out operation in ApexChart.jsx. When the user zooms the timeline (x-axis in line chart)

in or out, the heart rate line chart updates accordingly, which is achieved by filtering

the heart rate data within the effective view range in the line chart.Shared Effec-

tive Range

for all 3

graphs

Simultaneously, the effective view range is shared with the other two charts. They

will also redraw their visualizations according to the effective data range.

4.2.5 Highlight Areas in the Line Chart

The time axes of the line chart and the Gantt/Seat chart aren’t perfectly aligned visu-

ally. To better locate a student’s behaviour on the line chart, a highlight area function

is introduced to mark the corresponding behaviour interval.

When users click on any activities shown in Gantt Chart or any squares which rep-

resent students with active records in Seat Graph, the corresponding areas in Line

Chart will be highlighted. Highlighted areas are tracked by using student activity

information to prevent highlighting the same activity multiple times. If the same stu-

dent activity already exists, it will be removed and toggle off the highlight when the

same activity is clicked again. Both Gantt Chart and Seat Graph employ the same

strategy.

4.2.6 Freeze Effective Range in Gantt Chart/Seat Chart

The line chart and the other two charts always change in synchronization. If the

user wants to maintain the current view of student activity, while also wanting to

examine how heart rate activity is distributed across that time range in the line chart,

a separate feature must be designed to prevent the data from being redrawn.
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Based on this feature, we introduce the concept of an ‘Effective Range’, which repre-

sents the currently displayed time interval and is used to filter the relevant data. By

default, the Effective Range for all visualizations is synchronized with the time-axis

range of the line chart. When the user wishes to maintain a fixed view of student ac-

tivity for a specific time interval, the Effective Range is locked to the current time-axis

range of the line chart. Simultaneously, the user remains free to zoom the line chart

in or out.

At the same time, a notification pops up in the upper-right corner of CoachVR, inform-

ing users of the start and end of the frozen time range they’ve selected. Until the user

clicks the feature again, all visualizations immediately synchronize again and return

to their default state.

4.2.7 Floating Toolbar and Hover Windows

The configuration details for the Floating Toolbar and Hover Windows are imple-

mented in ApexChart.css. The reason

for floating

toolbar

To facilitate triggering certain global functions within the visualization, user inter-

action buttons are required. To ensure these buttons remain visible and fixed in an

appropriate location, a Floating Toolbar is used. It is anchored in the vertical center

of the right side of the view.

To reveal more detailed of activity information without cluttering the visual interface,

Hover Windows feature is applied across all visualizations. When the user hovers the What is

Displayed

in Hover

Windows

mouse cursor over a visual element or button, a temporary window appears displaying

additional information about that element or button. In the line chart, the information

shown indicates the precise moment when heart rate was recorded. In the Gantt

Chart, the windows display the precise start and end times of the student’s activity,

as well as the activity type. In the Seat Chart, the windows display the number of

student activities of the specified type that occur within the current Effective Range.

Hovering over a button triggers a tooltip that displays the name of the button as a

hint.

4.2.8 The Color Scheme
Focus on the

color scheme

of student ac-

tivity

Because everyone’s heart rate range varies and the line chart primarily illustrates

trends rather than absolute values, it’s difficult to assign a fixed color scale based on

absolute heart rate ranges. Therefore, no color scheme is configured for heart rate

plotting. Instead, color schemes focus on student activity types. Origin of the

color schemeIn the earlier version of CoachVR, there are three main types of student behaviour:

Good, Lightly Bad, and Bad, which are color-coded green, orange, and red, respec-

tively. To ensure consistency, the visualization in new version of CoachVR retains the

same color scheme. The reflection

of the consis-

tency of the

color scheme

Color scheme consistency is maintained across the visualizations: in the Gantt chart,

the student behaviour bars use the same colors. In the Seat Chart, the four squares

representing student behavior types also retain these colors. In the Hover Window,

the text detailing information is displayed in the same color scheme.
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4.2.9 The Challenges

As mentioned earlier, the first challenge is how to correctly receive and process the

Packet.

The greatest challenge is understanding and effectively utilizing React’s DOM mech-

anism.

A notable challenge lies in configuring the placement of UI components: designers

have to manually input layout parameters and continuously fine-tune them. Fortu-

nately, React’s dynamic update capabilities mean that changes appear instantly with-

out requiring a full page reload.

Another issue related to data labels on the time axis. High-density time data can

cause labels to overlap or display in an unreadable manner.

Another often overlooked challenge concerns time zones. The LRS records times-

tamps using UTC, but the CoachVR visualizations must display them in the user’s

local time zone. If proper conversion isn’t applied, session data will be displayed

incorrectly.
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The purpose of the user study is to gather participants’ feedback on the visualization

design, uncover any design bugs, and collect insights for future work. Totally 9 partic-

ipants took part in the user survey. Participants immersed themselves in the Teach-R

and engaged with the visualizations within CoachVR.

5.1 Evaluation Design
This section primarily describes the details of the user study, including the compo-

sition of participants, the user study process, and the design of the questionnaire.

The user study was voluntary and unpaid. Vitamin water was provided during the

user study sessions, and snacks were given at the end as a token of appreciation.

Invitation to participate in user research was sent first, including details of the study

location. Appointment schedules were collected by a calendar tool. LTI Lab usage

was requested at last.

5.1.1 The Composition of Participants
Demography

information

of partici-

pants

The participants were primarily eight friends and acquaintances, consisting of under-

graduate and graduate students from RWTH Aachen University, and one additional

special participant was an employee/PhD student of the chair LufgI9.

Among the nine participants, three of them were female, and six of them were male,

with ages concentrated between 25 and 30. Three of them were undergraduates,

and five were master’s students, one was from the chair LufgI9 and she was very

familiar with Teach-R and CoachVR framework. Almost all participants were studying

or used to study in STEM fields such as Computer Science, Electrical Engineering,

and Mechanical Engineering, while one participant was studying Economics.

All participants possessed a university educational background and were generally

familiar with operating computer equipment. The concept of VR was not unfamiliar

to any participant. Two participants even regularly used VR for work purposes, while

two others had used it for entertainment.

To assess participants’ understanding of the concept of Learning Analytics, partic-

ipants were asked to rate their comprehension on a self-assessment scale ranging

from ‘Not At All’ (–3) to ‘Very Much’ (+3). About half of the participants selected ‘Not

At All’(-3). Learning an-

alytics is not

a well-known

concept

The average score was –1.0. If not for one participant with professional expertise

in the concept, this score would likely have been lower. The concept of learning
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analytics should have been less familiar among nonspecialist groups. The answer’s

median score was –2.0, and the overall variance was 4.2.

5.1.2 Procedure of the User Study

A full participant session lasted approximately 15 minutes. The study was mainly

held in English and was conducted in the LTI lab of the LufgI9 chair, at the computer

science center of the RWTH University Aachen.Preparation

Step Participants were first instructed on how to correctly wear the VR helmet and how

to properly use both controllers. Because the physical space was limited and natural

walking could lead to collisions with obstacles, participants were also taught how to

use the teleportation function. Next, participants were equipped with a heart rate

sensor, and its functionality was confirmed. The purpose of measuring heart rate

was deliberately not disclosed, in order to examine participants’ understanding of

heart rate recording. Once everything was set, the user research session officiallyTeach-R User

Study Part began, with participants assuming the role of an invigilator to supervise the behavior

of virtual students in a virtual exam. The VR session’s end time was determined

verbally by participants as they checked the time displayed on the VR smartwatch.

The virtual exam ended after the specified duration of 3–4 minutes.CoachVR

User Study

Part

Before the next step, Teach-R needed to restart in order to fetch the newest session

data. After restarting, participants were invited to the Coach-VR visualization inter-

face that showed their post-session heart rate data alongside the virtual students’

behaviors, where they could directly view and interact with the line chart and the

Gantt chart. Participants were allowed to freely explore to understand the visualiza-

tions. They then interact with the visualization interface to complete the pre-assigned

tasks.Question-

naire The final step was completing the questionnaire, where participants provided basic

demographic information, including age, gender, and educational background. They

then answered questions about their previous VR usage and their understanding of

Learning Analytics.

Participants completed the short version of the User Experience Questionnaire

(UEQ-S), evaluating the smartwatch design in Teach-R and the visualization in

CoachVR across several dimensions: usability, perspicuity, enjoyment, efficiency, and

novelty. After rating each dimension, participants could provide feedback specific

comments.Minor

Changes

in the Study

During the user study, minor adjustments were made. The second participant was

overwhelmed by the VR experience and consequently attended minimally to the heart

rate watch, so the heart rate functionality was very subtle. To ensure subsequent

participants noticed the real-time heart rate display, they were instructed to check the

time themselves on the virtual smartwatch to end the virtual exam verbally. Another

change was a bug in CoachVR visualization, after the first participant, to improve the

visualization experience, the misalignment bug in Gantt Chart activity bars was fixed.

In the final four rounds of the study, four participants were invited to take part in a

brief group discussion on the possibilities of improving the study design. Questions

were asked to participants whether an additional or a different scenario description

should be included in Teach-R session to required them to actually speak and attempt

to teach a piece of knowledge they were already familiar with (in order to make the
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From the perspective of Teach-R’s visualization, the results suggest that it achieved

a moderate level of both pragmatic and hedonic quality. The higher mean score for

pragmatic quality (1.778) compared with hedonic quality (1.444) suggests that the

tool was recognized as more practical than enjoyable. However, the relatively wide

confidence intervals indicate differences in individual responses, suggesting that user

perceptions were not entirely consistent. Overall, the system demonstrated a gener-

ally positive evaluation.The UEQ-S

Analysis for

CoachVR’s

visualization

From the perspective of CoachVR’s visualization, the findings suggest that it was gen-

erally rated above average, particularly in pragmatic aspects (mean = 1.694). How-

ever, hedonic quality (mean = 1.222) was evaluated less positively, suggesting that

the tool’s capacity to offer enjoyable or engaging experiences was limited. The rela-

tively broad confidence intervals again suggest differences across users, highlighting

that perceptions of hedonic quality were less consistent. Overall, the visualization

was considered practical.A short Com-

parison Both systems scored higher on pragmatic quality than on hedonic quality, suggesting

that users consistently valued their usefulness more than the enjoyment. This indi-

cates that while the tools effectively supported teaching tasks, they did not succeed

in delivering engaging experiences. When comparing the two, Teach-R’s visualization

received slightly higher overall ratings (mean = 1.611) than CoachVR’s visualization

(mean = 1.458), suggesting some stronger perceptions of usefulness and satisfaction

of the smartwatch. The hedonic quality score for CoachVR’s visualization was no-

ticeably lower. In summary, both systems were recognized as meaningful tools with

positive contributions, but future improvements should focus on enhancing hedonic

aspects to increase motivation and user engagement.

5.2.2 Open Questions

About the Project Design
Two users

recom-

mended

using a

wristband

Regarding the user study and the scene, participants had several suggestions. In

the user study, one female participant noted that a chest-worn heart rate sensor felt

somewhat inconvenient. Switching to a wrist-worn heart rate band might be a more

convenient and natural option, and it would align with Teach-R’s smartwatch feature

in the real world. Another male participant also considered the wristband the better

choice. One participant suggested making some of the students’ bad behavior anima-

tions more subtle, as he felt that the task lacked challenge and he could identify them

without needing to observe carefully, as the students’ behaviors were very obvious to

him and the distinction between good and bad behaviors was highly noticeable at the

first sight.Participants’

Confusion

during the

User Study

To test whether the overall study design was intuitive, participants were told that

they were acting as teachers, that they needed to time the exam themselves, and that

they could view their real-time heart rate in the scene. As a result, one participant

completely misunderstood the purpose of the watch. Another participant also mis-

understood the act of checking the time on the watch to determine when to end the

exam. He assumed the watch’s primary function here was simply to tell time, and

that heart rate was unimportant, so he suggested that a wall clock would be a better

design.
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The Visualization in Teach-R
First task:

find heart

rate visual-

ization

First, participants were asked to find their heart rate in Teach-R in 30 seconds, and

they began scanning the surroundings or examining the scene for a possible heart

rate readout. Some participants successfully found their own heart rate. Without

any hints, one participant successfully located the watch within 10 seconds (it should

be noted that this participant may have accidentally seen the smartwatch model on

the computer screen), while two participants saw the virtual watch as they looked

down upon their own body. After being prompted, most participants raised their non-

dominant hands, as they would in daily life. Still, a small number of participants kept

looking for something resembling a large monitor. the feedback:

generally

okay

The next question was about the intuitiveness of the visualization. The participants

had no conceptual difficulty understanding what it was. They were then asked to start

the virtual examination. Then they were told that they could observe their own heart

rate during this period. Presence of

the smart-

watch is

insufficient

Unfortunately, most were absorbed in identifying student misbehavior, they did not

actively check their own heart rate. One participant commented, the smartwatch was

good for its flexibility, as it could be used when helpful and ignored when not. Those

who had the capacity could take advantage of it, while for others it could stay out of

the way. Feedback

part of the

study

After the VR session, we asked the participants whether they understood the elements

in the smartwatch visualizations. When asked about the semicircular gauge chart

displayed above the heart rate reading, most participants either answered “no” or

assumed it was only for aesthetic purposes.

At last, participants were asked about the idea and the design of the watch. Seven

participants said the design was simple and helpful to their experience. One partic-

ipant who was uncomfortable with the VR experience expressed a negative view of

the smartwatch’s heart rate feature, as she raised issues with the VR device’s input

sensitivity when teleporting and when raising her left hand to check the watch. One

participant further commented that the design of the watch was unnecessary, as the

heart rate in this virtual exam was not important.

Suggestions for the Visualization/Smartwatch in Teach-R

Participants were asked to provide suggestions for improving the smartwatch in all

aspects.

For the visualization Sugges-

tions for the

visualization

With respect to the heart rate display, concerns were raised that the bars occasionally

extended too high and remained uncomfortably close to the numerical readout. Fur-

thermore, the limited time span of the bar chart—restricted to under 30 seconds—was

inadequate. Extending the display window was suggested as a means to facilitate the

review of earlier heart rates and the recognition of emerging trends.

Some participants considered the standalone display of heart rate readings to be

rather monotonous and suggested adding background icons or animations to make

the visualization more engaging.
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For the SmartwatchSugges-

tions for the

smartwatch

Regarding the smartwatch, a request was made for a timer feature to facilitate time-

limited student tasks. At present, the watch displays only to the minute, so even in

the virtual VR exam scenario of the user study, the timing function was not precise

enough. Concerning the time display itself, feedback also noted that it was barely

legible and should be made clearer in Teach-R.

One comment raised an interaction issue with the smartwatch. Not as the name

suggests, the watch was merely smartwatch-styled and serves as a display. He would

like more interactive operations to actively engage with it. He suggested that voice

interaction or certain hand gestures could be a good interaction method for him.

The visualization in CoachVR

Task: The Meaning and Purpose of the initial Line-Gantt Visualization

The initial visualization page showed the heart rate timeline for the entire VR session

alongside the students’ behaviour Gantt chart. Most participants reported that theyFirst Re-

action of

Participants

when Seeing

the Initial

Visualization

understood what the visualization conveyed and its intent. The heart rate chart above

and the students’ behaviour Gantt chart below align on the whole session time axis.

The initial visualization page was intuitive and simple, and one commented that the

web interface was resonable designed and that finding the elements they wanted to

examine was easy.

Two participants still did not understand the purpose of showing the heart rate chart

alongside the students’ behaviour Gantt chart at this stage, so they felt confused

during both free exploration and the tasks.

Task: Awareness of the Floating ToolbarAwareness of

the Floating

Toolbar

Exploration of the buttons in the floating toolbar on the right was almost entirely ab-

sent in the first minute. Participants only began trying to look for other features once

the task of locating student seats was given. After some exploration, complaints arose

that seat information was not visible in the Hover Window, leading to the assumption

that the information was missing. The Hover Window of buttons in the Floating Tool-

bar was viewed by all after hints were given. During one free exploration, the Seat

Chart visualization was opened, but its meaning was not recognized at the first sight.

Task: The Comprehensibility of Seat ChartConfusion

in the Seat

Chart

In the Seat Chart view, repeated requests were made to confirm whether it repre-

sented a student seating plan. Due to Teach-R’s settings, student names were not

shown in the VR session. As a result, this was the first moment when attention re-

ally shifted to the student names in the whole user study, which greatly reduced the

effectiveness of the Seat Chart. After seeing the names, participants were unable to

connect them with the student activities they had observed during the VR session.

At first, the display was assumed to show student behaviour at a specific moment.

When this assumption proved wrong, it caused some difficulty in understanding. The

most frequently asked question was what ‘Active Records’ in the Hover Window rep-

resents. Questions arose as to why positive behaviours appeared as multiple entries

rather than a single one, and additional clarification was sought regarding the mean-

ing of the last grey square in the four-square marker. The feature of clicking a student
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marker to highlight the student’s behaviour was not intuitive, as their focus was con-

centrated on the interpretation of this visualization and most participants did not

realize this feature.

Task: Switch from Gantt Chart to Seat Chart to Locate One Student

The next task was to identify a student behavior they were interested in, confirmed

the student’s name, and then located the target student’s seat in the Seat Chart. Switch be-

tween chartsIt was generally recognized that the left side of the Gantt Chart displayed each stu-

dent’s name. In most cases, the target student’s name was recalled, the visualization

type was switched, and the student was then located in the Seat Chart. The feature

of persistent displaying the target student’s behavior range in the Line Chart was

noted only once, and the participant facilitated a more efficient identification of the

student’s name in the Seat Chart.

Task: Comments on the Color Scheme

Overall, participants had no objections to the use of color of different student behavior

types. The color scheme aligned with their intuitions about categorizing behavior

types. Some participants were able to directly infer the positive or negative nature of

the behavior through color differences.

Some participants felt that the color of the Line Chart was rather monotonous. Par-

ticipants thought colors could be used to highlight the periods where heart rate fluc-

tuated greatly, as they also mentioned this point in the previous task. The main flaw

in the color scheme appeared in the Seat Chart, where participants could not under-

stand the use of the gray squares.

The Zoom-in/Zoom-out in CoachVR Visualization

Zooming was the primary means by which participants changed the visualization con-

tent, and their usage of this operation is discussed separately here.

Task: Awareness of Timeline Alignment Timeline

Alignment

Awareness
When the timeline was adjusted by zooming in or out, the corresponding changes in

the students’ behavior Gantt Chart below were noticed, and it was understood that

the Gantt Chart was time-aligned with the Line Chart.

Task: Awareness of the Existence of Highlight Area Function Test Result

of Highlight

Area Feature
After zooming into a specific time interval, the content of interest was examined. The

Hover Window feature was consistently noticed in the visualization, briefly reviewed,

and its information was quickly understood. In roughly half of the cases, after consult-

ing the window, elements in the line chart and the Gantt Chart were actively clicked

to test the interaction. Through this process, the Highlight Area feature was indepen-

dently discovered. Additionally, most participants attempted to click the same Gantt

bar multiple times. They felt that canceling with a second click was reasonable and

intuitive.

Feedback noted that the Highlight Area was useful, but when multiple student activi-

ties occurred, the overlapping highlights became difficult to view.
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Task: The Comprehensibility of the Freeze Data FunctionThe Freeze

Function All participants found the Freeze Data feature unusually difficult to understand. Some

accidentally enabled it and became confused when the view stopped updating. Al-

though there is a notice in the top-right indicating that Freeze Data feature is active,

it was easy to overlook. Even after reading the notice, some participants still did not

grasp its intended purpose. Participants would like more guidance for this feature or

a button name change that makes it more intuitive.

Suggestions for the CoachVR visualization

General Suggestion for the Visualization Page

Participants mainly provided feedback on usage guidance and information density.

More feature prompts rather than relying on UI interaction experience was mentionedMore Guid-

ance to interpret the visualization. They were also asking for tooltip guidance to help them

perform interactions. It was also suggested that adding names and descriptions to the

visualizations would make them easier to understand and operate. In particular, they

strongly recommended adding more guidance for the Seat Chart and the Floating

Toolbar. Otherwise, they could not properly understand the purpose.

Suggestions for the Line ChartImprove-

ments on the

Line Chart

A suggestion involved color-coding time intervals with large heart rate fluctuations. A

particularly thought-provoking idea emerged during free exploration: by freely mov-

ing the cursor, the mouse wheel can actually control both the position and the extent

of the timeline zoom with high precision. Building on this discovery, it was proposed

that the Freeze Data feature be redesigned to follow the same interaction pattern as

Selection Zoom, allowing users to actively select a target region and thereby gain a

clearer understanding of the feature.

Suggestions for the Gantt ChartImprove-

ments on the

Gantt Chart

The Gantt Chart received the fewest criticisms. Participants felt that the top and

bottom charts are sometimes not perfectly aligned, which creates a slight visual dis-

tortion. They also noted a small rendering delay in the Gantt Chart. Although it did

not affect usability, it would be better to hide the brief re-rendering process to provide

a smoother experience.

Suggestions for the Seat ChartImprove-

ments on the

Seat Chart

As noted in the previous section, student names did not appear in the VR session. In

the correct version of Teach-R, students’ names are supposed to be visible on their

respective desks. As a result, participants found it difficult to use the names as cues

to recall their student-management experience from the VR session. Nevertheless,

they suggested adding the counts of successful interventions and timely responses

to students’ hand-raises, so that they could see whether they addressed student be-

haviors promptly. A suggestion was made to enlarge the student markers in the Seat

Chart, as the current seating layout appeared somewhat cramped.Highly Valu-

able Sugges-

tions for Seat

Chart

A request was made for the Seat Chart to support locating student activities at a

specific moment. Another suggestion was more creative: incorporating an automatic

playback system into the Seat Chart, enabling viewing, pausing at will, and freely

inspecting student behavior at any chosen timestamp.

Suggestions for Hover Windows
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Regarding the Hover Windows, it was suggested that in the Line Chart it should

display key student behavior at specific time points, making it easier to connect be-

haviours with heart rate fluctuations. There was also a suggestion that the window

information in the Gantt Chart be arranged in the form of “Student Name:; Student

Behavior:; From:; To:;”.

Suggestions for UI Elements

A suggestion from a Computer Science background emphasized a preference for a

UI with a navigation bar, along with customized features to filter and select target

student behavior. Concerns were also raised about the button icons of the Floating

Toolbar: the Freeze Data icon was mistaken for a settings icon, highlighting the need

for more appropriate UI icon design.

5.3 Discussion of Limitation
5.3.1 Limitation of the Participant Composition

The primary objective of the user study was to evaluate the intuitiveness, usability,

and comprehensibility of the visualization. Since most of the participants were invited

from among friends or acquaintances, they tended to be cautious in providing feed-

back and were relatively conservative in offering critical suggestions. Therefore, the Limitations

in Participant

Composition

study has an inherent limitation in terms of participant selection. During the research

process, we had to remind participants not to give “friendship points,” and encour-

aged them not to withhold negative feedback but instead to articulate any confusion

they experienced. However, judging from the process, it was still difficult to prevent

them from providing more positive evaluations than their actual perceptions. Lack of Par-

ticipant Back-

ground Diver-

sity

From the perspective of participants’ social background, all of them had received

higher education, and some were even specialized in computer science, making them

quite familiar with computer devices and operations. This suggests that they were

likely more adaptable to the simulated laboratory environment compared to the gen-

eral population. Consequently, the diversity of participant selection could not be fully

ensured in this study.

Among all participants, only one had much experience in teaching work, this partici-

pant also provided the only practical teaching-related suggestion in the study. There-

fore, the feedback from the teaching community on this visualization tool was highly

insufficient, making it difficult to capture the genuine instructional needs of practi-

tioners.

5.3.2 Limitation of the Study Design Scenario
Possible

Better Teach-

R Session

Study Design

In terms of the experimental setup of the Teach-R component, the scenario of acting

as virtual exam invigilators was simple and easy to understand, but it was not very

effective in fully engaging their minds and sustained attention. Most participants

interacted with Teach-R in a rather mechanical way: They walked or teleported to

a student to stop the behaviour and they then teleported back to the teacher desk,

and soon they found the process monotonous. This indicates that the experimental

scenario lacked sufficient immersion. Minor Im-

provements

in UEQ-S and

Connection-

Lost Feed-

back
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As discussed in the previous subsection, due to the absence of student names in

Teach-R, participants lacked a reliable reference point for recalling student behav-

iors, which made it difficult for them to describe the behaviors that left a strong

impression.

5.3.3 Limitation of the Questionnaire Setting
Provide ex-

planation

in UEQ and

improve

question-

naires in

time

Although the title of the UEQ-S specified that the object of evaluation was the visu-

alization, one participant still overlooked this instruction and expressed uncertainty

about whether they were evaluating the overall process experience or the visual-

ization itself. This issue was discovered midway through the user study, making it

impossible to determine whether earlier participants had correctly understood the

evaluation target.

Regarding the UEQ-S, one set of word pairs (conventional/Intentive) created com-

prehension difficulties for participants. They had to consult a dictionary or ask for

synonyms in order to grasp the concept. Therefore, when providing the UEQ ques-

tionnaire, explanations should be given for potentially uncommon terms.

5.3.4 Limitation of the User Study Exception Control

In the user study, one participant’s heart rate sensor had poor contact, and the prob-

lem was only recognized at the end of the session, resulting in a heart rate graph that

frequently displayed values of zero in an inverted U-shape. This indicates that relying

solely on visualization feedback is insufficient to ensure proper sensor connection. A

possible improvement would be to provide device-level feedback within Teach-R, such

as controller vibration or other more appropriate cues. Alternatively, implementing a

real-time activity visualization in CoachVR could also address this issue more effec-

tively.Little Per-

ceived

Presence

of Heart Rate

Visualization

One significant limitation in the user study was how to encourage participants to

check their own heart rate. To achieve this goal, the first three participants were

informed that they could observe their heart rate display within the session. How-

ever, they did not pay much attention to this piece of information. In the subsequent

studies, participants were required to manage the examination time themselves. As

a result, they frequently raised their left hand to check the time on the smartwatch,

which also allowed them to observe their heart rate incidentally. However, partici-

pants’ attention to the heart rate visualization still remained insufficient. For some

participants, due to their limited impression of the feature, the heart rate visualiza-

tion interface had to be shown again after the end of the VR session before they were

able to provide useful feedback.Little Per-

ceived Pres-

ence of Color

Scheme

Regarding the color scheme for different heart rate ranges in Teach-R visualization,

the actual user study revealed that participants’ heart rates remained relatively sta-

ble, so the readings and the bar chart visualization almost always appeared in the

same color. As a result, participants rarely had the chance to observe the whole three

color scheme. This also suggests that the Gauge Chart configuration was largely

meaningless, as it will be a pure-color half ring chart. If the color scheme function

is to be retained, the heart rate range color scheme should be anchored to a ref-

erence point based on actual initial heart rates of current users and should predict

individualized low, medium, and high heart rate zones for different users.Question-

naires should

be modified
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About the design of the smartwatch visualization, in the first several run-throughs,

some participants provided feedback on the scale and height of the visualization.

However, in the subsequent studies, the questionnaire did not include items address-

ing participants’ preferences regarding the height of the bar chart or the amount of

historical data to be displayed.

5.3.5 Burden of Cognitive Load to Check VR Session Data
Burden of

Cognitive

Load

In the visualization of CoachVR, there was a lack of user guidance and system-level

analysis. As a post-session tool intended to support the understanding of teaching

activities, the visualization in CoachVR introduced additional cognitive load but did

not provide automated analysis to alleviate the burden that arises after interpreting

the visualization. Therefore, simply presenting the visualization increased the partic-

ipants’ burden rather than creating a genuine need or motivation to use the tool for

analyzing their own performance.
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In this chapter, study design and visualization design in Teach-R/CoachVR will be

discussed in the scientific context. Some part of this was already discussed in the

Chapter 5, here a summary will be presented to conclude limitations and relations

with other studies.

6.1 Discussion
6.1.1 The Heart Rate

From the as-

pect of physi-

ological data

According to Hartanto (as cited in Wiepke, 2019)([Har24]), the original purpose of

creating the Teach-R framework was to help teacher trainees practice classroom

management and each session included two factions, coach and trainee, followed

by a reflection afterwards. Teach-R has already collected some teacher behavior data

(positional data, step data) and physiological data (eye tracking) to help teachers

better understand their self-efficacy and improve their classroom management skills.

As mentioned in Section 2.1, integrating physiological data can further strengthen

users’ sense of presence. In addition, in contrast to eye tracking, heart rate is a

concept that is more readily comprehensible to general public. Under this premise,

observing whether one’s own heart rate is high or low is not unfamiliar to most people,

and users can quickly understand their own condition through heart rate. Certainly,

different types of physiological data can be combined as studies, just as in the pre-

viously mentioned research that integrates respiration and heart rate (cf. [DCL+24],

[CSV24]). For example, eye tracking and heart rate can be integrated to help users

understand where their gaze tends to be directed unconsciously when their heart

rate is elevated. Alternatively, when the user’s heart rate rises, a prompt could be

displayed at the point of gaze to remind the teacher trainee to relax and breathe.From the

aspect of

biofeedback

As mentioned in Section 2.2, in addition to being a form of physiological data, heart

rate can also serve as a source of biofeedback. The current heart rate display in

Teach-R simply uses different colors for distinction, and as a means for users to read

their own physiological state, it still lacks more in-depth analysis or more intuitive

biofeedback.

The presence of heart rate monitoring was relatively weak. This can be explained

from two perspectives. On the one hand, the study aimed to investigate whether

users could understand the role of heart rate in the learning analytics process, so the

purpose of heart rate display was not fully explained to them. In addition, to maintain

immersion, the heart rate display appeared more like an optional feature. On the
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other hand, the visualization itself did not provide systematic guidance or references

to help users explore their own heart rate performance.

6.1.2 User Study and User Experience
Bias in UEQ

According to the UEQ handbook 1, the scales range from –3 (horribly bad) to +3

(extremely good). However, in practical applications, observed values typically fall

within a narrower range. This is because mean scores are calculated across par-

ticipants with diverse opinions and response tendencies (e.g., a tendency to avoid

extreme categories).

As a result, it is highly unlikely to obtain values above +2 or below –2. Both systems

scored higher on pragmatic quality than on hedonic quality. However, since the num-

ber of participants in the user study was relatively small, the distribution of user rat-

ings was less consistent. One possible reason is that participants were not informed

beforehand about the potential connection between heart rate and student behavior,

which may have caused confusion during the experiment and consequently lowered

their evaluation of hedonic quality. As stated in Section 5.1.2, most participants

had little to no teaching experience, and the scenario of acting as an exam proctor

was not sufficient to capture their full attention. Allowing them to engage in actual

teaching tasks might have been a more effective way to sustain their seriousness and

involvement.

6.1.3 The SmartWatch and Visualization in Teach-R

A smartwatch-style model with real-time heart rate display was implemented. As

discussed in Related Work, immersion is a crucial aspect of VR, and introducing non-

realistic logic could potentially break it. Decisions such as whether to display heart

rate in VR, whether it should remain constantly visible, whether to display it in 3D or

in 2D, and how to design the visualization chart were all difficult to make. The smart-

watch should

be interactive

As mentioned in Section 5.2.2, while the concept of using smartwatch to display

heart rate visualization was easy for participants to understand, their overall attention

to it during the task appeared somewhat limited. There are suggestions regarding the

smartwatch itself, such as designing it as an interactive device rather than a purely

passive display. The interaction could be realized through haptic feedback or gesture

control within the current Teach-R system. This is aligned with HCI principles noted

in Section 2.3, reducing operational complexity and cognitive load can be achieved

by designing simplified, intuitive interactions aligned with users’ needs and habits (cf.

[Zen24]). Consider the

personal-

ized feature:

Personal

habit and

personalized

content

The placement of the smartwatch can also be considered during user study. A

questionnaire survey revealed that among 2437 Korean participants 5.8% were left-

handed and 7.9% were ambidextrous (cf. [JJ09]). In our user study, all participants

were right-handed, and they were accustomed to raising their left hand to check their

watch. For different habits, a simple approach would be to provide an option within

the scenario to ask about it. Yet, following the HCI principles, one should consider

setting up a simple task, such as a teleport function, allowing the Teach-R system to

automatically determine which hand the participant prefers to use. These interaction

1 See UEQ handbook at https://www.ueq-online.org/Material/Handbook.pdf
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methods could provide preliminary support for extending smartwatch functionalities

suggest by participants, such as adding a timer.

Similarly, HCI principles can also inform the design of smartwatch visualizations. In

the user study, participants’ heart rates remained relatively stable, resulting in only

minor variations across zones. As a consequence, feedback based on color schemes

was difficult for them to perceive. To address this issue, heart rate zones should be

individually predicted and tailored for each user, ensuring that the visualization high-

lights meaningful variations in their physiological responses. This can link to Sec-

tion 2.4, while heart rate provides an accessible and easy-to-understand indicator

for users, HRV offers a possible measure of the relationship between cardiac activity

and stress (cf. [FARBG16]). Therefore, HRV can be used as a valuable background

analysis tool, helping present heart rate zone and complementing it with deeper in-

sights into the stress and physiological states of users.The envi-

ronmental

elements in

Teach-R as a

visualization

In addition to the smartwatch visual overlay, there are other possibilities for visualiz-

ing heart rate in Teach-R. As noted in Section 2.2 and in Section 3.1.1, changes in

the classroom environment represent a promising approach, as they do not interfere

with the primary task of teaching activities. As several studies discussed in Section

3.1.1, environment-related biofeedback linked to heart rate can at least exert a pos-

itive effect (cf. [CSV24]). In research on virtual bicycle racing games([HWO+25]),

the background of the environment scene was used to indicate heart rate levels, help-

ing users return more effectively to the optimal heart rate zone. Without interfering

with the teaching activities, elements in the Teach-R environment can be utilized as

biofeedback for heart rate. Within Teach-R as a large-scale environment, features

such as the lighting conditions inside the classroom or the weather and visibility out-

side can be considered as potential modalities for delivering biofeedback. Even the

appearance of the smartwatch itself, such as its color and saturation, can serve as a

form of biofeedback.

6.1.4 The Visualization in CoachVR

A Line Chart for heart rate, a Gannt Chart for student behavior, and a Seat Chart

for seating plan was implemented. The visualization in CoachVR was evaluated as

useful and intuitive, but overall it lacked sufficient user guidance and the connections

between different pieces of information were limited. Gantt Chart was considered

as the most intuitive visualization, except for the suggestion to adjust modifying the

order of information displayed in the Hover Window.Improve-

ments for

heart rate

chart

Regarding the Line Chart, the connection between heart rate and student behavior

should be presented through a structured system analysis to guide users’ interpre-

tation and reduce their cognitive load. This suggestion aligns with potential post-

session feedback mechanisms that can be observed in the Section 2.6. For example,

the heart rate line chart could incorporate analyses of intervention speed within spe-

cific intervals of student behavior.Change the

seat chart

into a replay

system

Regarding the Seat Chart, participants’ feedback was not very positive. On the one

hand, the absence of student names in Teach-R reduced their spatial impression of

the classroom. On the other hand, the data presentation in the Seat Chart was not

sufficiently intuitive, as it displayed aggregated statistics of each student’s behavior

over a period of time rather than their behavior at a specific timestamp. Consistent
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with one of the goals of Learning Analytics, this visualization aims to support users

in recalling the session content. As introduced in Section 2.7, the previous voice

analysis study(cf. [Rec25]) implemented a Teacher Clone to replay users’ speech,

providing a complementary approach to facilitating reflection. Similarly, one potential

improvement for this visualization is to extend its functionality to support replay of the

entire session. Heart rate, student behaviors, and teacher position could be played or

paused simultaneously, allowing users to better observe and reflect on the dynamics

of the whole session.

6.2 Limitations
Due to time and technical constraints, some planned goals and developments could

not be implemented.

Most participants had little to no teaching experience, and therefore their feedback on

the classroom scenarios was inevitably constrained by their own limited perspectives.

In addition, since the user study scenario description lacked sufficient immersion, it

is questionable whether participants were fully psychologically engaged during the

Teach-R session. Student be-

havior is

not the only

factor

What makes the issue more complex is that multiple independent variables can influ-

ence heart rate, relying solely on student behavior for analysis is clearly insufficient.

Other factors, such as the teacher’s physical condition, emotional state, and self-

efficacy in the classroom environment, should also be taken into account. Incorporat-

ing these variables would provide a more comprehensive and reliable understanding

of heart rate dynamics during teaching activities. Relying solely on heart rate as an

indicator of stress is clearly insufficient, as stress is a multidimensional construct that

requires additional physiological and behavioral measures for a more reliable assess-

ment. HRV would serve as a valuable complementary measure for assessing stress,

as it provides deeper insight into autonomic nervous system activity. Unfortunately,

HRV was not employed in the current study. Need to im-

prove the

transmission

mechanisms

With regard to data transmission, the current mechanism in Teach-R poses certain

limitations. Although all session data are stored in the LRS, retrieving them requires

manual adjustments in Unity Inspector and restarting Teach-R, which makes the pro-

cess inefficient. In addition, CoachVR lacks a dedicated interface for querying specific

session data, further restricting smooth access and systematic analysis of teaching

activities. Improve the

presence

of heart

rate during

session

The heart rate display in Teach-R aimed to reduce users’ sense of detachment from

Teach-R by displaying heart rate information. However, since the display was not

forced within the user’s field of view, it was often overlooked. Although the visual

overlay method provides an intuitive form of presentation, it still lacked sufficient

salience to effectively capture users’ attention. The visualization in CoachVR gener-

ally lacks clear guidance and does not provide systematic reporting feedback to help

users evaluate their own teaching performance.

As mentioned earlier in Section 2.7, other statements regarding learning analytics

in Teach-R have not yet been integrated with heart rate data. In particular, combining

heart rate with other physiological measures, such as eye tracking (RFC 2023, RWTH

Aachen University), should have provided a more powerful form of biofeedback.
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participates in data synchronization with other charts. Instead, it functions solely

as a session replay module and allows the playback of heart rate patterns, student

behaviors, and teacher positions throughout the session.

For cases of poor contact with the heart rate sensor, the visualization design should

also incorporate more appropriate real-time feedback. According to the feedback

principles proposed in HCI principles, vibration through the VR controller could be

used as a way of feedback.
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Chapter 7 Conclusion

The goal of the thesis was to integrate heart rate into the educational VR application

Teach-R, helping teacher trainees to monitor their heart rate status during/after the

Teach-R session and to provide data feedback. As new teachers may feel nervous

in teaching scenarios, the purpose of the heart rate is to provide feedback on their

own physiological characteristics, helping them better evaluate their performance.

To achieve this goal, a heart rate sensor, OmiLAXR, and xAPI were used to record and

transmit heart rate data.

Bar chart, segment guage chart and heart rate readout in different colors were cre-

ated in Teach-R on a smartwatch-styled game object to help present real-time heart

rate monitoring. During the Teach-R process, teachers can voluntarily raise their

hand to check their heart rate. Line chart, Gannt chart and seat plan of students

were created in the CoachVR dashboard page to help post-session feedback. After

the Teach-R session, they are able to review the overall heart rate changes to gain

an understanding of their general heart rate condition. To help teachers recall the

content of the session, both heart rate visualization and student behavior can be re-

viewed simultaneously in order to explore the relationship between the two. To lever-

age users’ spatial memory of the session, the heart rate visualization can be combined

with the seating plan and students’ behavioral data, allowing users to review a gen-

eral overview of each student within a selected time interval.

A user study was conducted to evaluate the usability of visualizations in Teach-R and

CoachVR. The results demonstrated that they are generally a practical tool for pro-

viding heart rate information in the context of educational training. However, the re-

sults suggested that Teach-R visualization should enhance the presence of heart rate

visualization and CoachVR visualization should provide clearer guidance and more

systematic analysis. At last, both systems scored higher on pragmatic quality than

on hedonic quality, suggesting that users consistently valued their usefulness more

than the enjoyment. This indicates that future work should also focus on making the

visualizations more engaging and reducing users’ cognitive load.

Currently, the visualization is limited to heart rate data. In the future, other behav-

ioral data such as position and physiological measures such as eye tracking could be

integrated with heart rate to provide richer insights. Moreover, the visualization of

physiological data in Teach-R could also be explored through environmental factors

to present biofeedback in a less disruptive yet meaningful way.
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Appendix B Digital Appendix

The digital appendix is submitted as CodesAndFiles.zip file. For more details of this

material please contact the author or LuFG i9.
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