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ABSTRACT  

 

Yoga is a mind-body practice known for its substantial psychological and physiological 

benefit, contributing to a healthy lifestyle. However, without professional guidance, individuals 

may experience reduced performance and increased risk of injury. While online yoga classes on 

platforms like Zoom have grown in popularity, tools to support instructors in accurately assessing 

and monitoring student performance remain insufficient. For certain populations, this lack of real-

time professional guidance poses safety risks and limits the effectiveness of the practice.  

This study examined the effectiveness of using computer-vision-based visual augmentations 

in enhancing instructors' ability to assess student performance and ensure safety. Specifically, we 

investigated the effectiveness of various visual augmentations in aiding instructors’ visual search 

for unstable or unsafe poses. Eleven certified yoga instructors (8 female, 3 male), each holding 

200 to 500 RYT certifications, participated in the study. Instructors completed eight trials 

assessing 12 yoga poses using four different visual augmentations—Raw Video, Skeleton (joint 

locations overlay), Contour (participant outlines), and Contour + Skeleton—across two camera 

views (Single vs. Multiple Views). During each trial, eye-tracking data was collected as 

instructors identified potentially unstable (unsafe) poses, and they subsequently completed a 

usability questionnaire and NASA - TLX rating. Upon finishing all trials, instructors provided 

overall feedback on the usability of the visual augmentations and camera views 

Instructors showed no significant difference in their assessment performance across different 

visual augmentations and camera views. The Skeleton augmentation led to increased cognitive 

workload, as indicated by larger pupil diameters. The Contour alone augmentation was less 

effective for visual search based on the usability ratings, and combining Contour with Skeleton 

did not offer notable improvements. Simpler visualizations, such as Raw and Skeleton, received 



 

 

 

 

 

higher usability ratings, and instructors preferred Single View layouts over Multiple Views for 

their ease of use and lower cognitive demand. 

In conclusion, while Skeleton augmentation increased cognitive load, it did not significantly 

enhance visual search performance. Future research should explore alternative visual 

augmentation techniques and configurations to better assist instructors on performance 

assessment which increases overall performance while not substantially increasing cognitive 

workload. 
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GENERAL AUDIENCE ABSTRACT  

 

Yoga is a great way to improve both mental and physical health. However, practicing yoga 

without proper guidance can sometimes lead to injuries or mistakes. With more people attending 

yoga classes online, like through Zoom, it’s harder for instructors to closely monitor how their 

students are performing, which can reduce the safety and benefits of the practice.  

This study looked at whether certain computer tools could help instructors better see and 

correct their students' poses during online yoga classes. Eleven experienced yoga instructors tried 

out different visual aids while watching students perform yoga poses. These aids included a simple 

video, a video with lines showing where the students’ joints were (called Skeleton), a video that 

showed just the outline of the student (Contour), and a mix of both (Contour + Skeleton). The 

instructors were asked to identify any unstable or unsafe poses while using these aids. 

The results showed that none of the visual aids helped the instructors spot mistakes better than 

regular video. While the Skeleton aid made the instructors work harder mentally, it didn’t actually 

help them perform better. The instructors preferred using simple video over the more complex 

tools and found that using a single camera view was easier to work with. 

In short, more complex visual tools didn’t help instructors improve their performance. Future 

studies should explore other ways, like using different camera angles or adding sound, to help 

instructors in online yoga classes. 
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1. Introduction 

Yoga offers numerous physical and mental health benefits (Raub, 2002), such as improved 

strength, endurance, and mental well-being (Islam, Frazier, et al., 2024). Since the Covid-19 

pandemic, online yoga has emerged as a popular, convenient, and affordable alternative to in-

person classes (Brinsley et al., 2021), offering benefits like stress relief and pain reduction (Sharma 

et al., 2020). 

However, online yoga presents substantial challenges for instructors. Issues like ineffective 

camera angles, poor video quality, and unreliable internet connections hinder instructors’ ability 

to effectively assess participants’ performance (Islam et al., 2024). These limitations make it 

difficult to provide real-time feedback, leading to increased cognitive demands for instructors, who 

report heightened stress and anxiety (Guo & Fussell, 2022). Additionally, participants may hesitate 

to share their video feeds due to privacy concerns or fear of evoking Social Physique Anxiety 

(SPA) (Brunet & Sabiston, 2009), further complicating assessments. 

To address these challenges, several visual augmentations offered by advanced computer 

vision techniques, such as Skeleton [joint overlays using OpenPose (Cao et al., 2019)] and Contour 

[body outlines via Canny Edge (Canny, 1998)] have been proposed as tools to enhance online yoga 

instruction (Cao et al., 2018; Fujiyoshi & Lipton, 1998). These augmentations could guide 

instructors’ attention to important joint locations or body outlines by highlighting them with visual 

overlays, aiding instructors in quickly assessing participant performance and potential safety 

concerns. Research suggests that such augmentations can reduce cognitive load by directing 

attention to the most relevant visual elements (Brunyé et al., 2019). Similar approaches have been 

successfully applied in physical training and therapy, where skeleton-based algorithms have been 

used to detect and correct posture with high accuracy (Rishan et al., 2020). Moreover, the use of 

Contour overlays can help maintain privacy while still allowing instructors to assess body 

movements, addressing concerns around SPA (Brunet & Sabiston, 2009). Simplifying the visual 

scene by using Contour augmentations has been shown to improve the efficiency of visual search 

tasks by reducing distractions (Henderson et al., 2009). This approach mirrors methods used in 

some medical training, where visual overlays enhance task performance by making key 

information more accessible (Skaramagkas et al., 2023). 

Visual augmentations, despite their potential, may introduce challenges by increasing visual 

clutter, which can overwhelm instructors and heighten cognitive workload (Henderson et al., 2009; 
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Rosenholtz et al., 2007). Visual attention becomes crucial when navigating complex visual fields, 

such as augmented video feeds in online yoga. Eye-tracking metrics like fixations, saccades, and 

pupil dilation could be effectively used to thoroughly investigate the effectiveness of visual search 

and also assess cognitive load (Holmqvist et al., 2011). Longer fixations and frequent saccades 

often signal increased mental effort during visual search tasks (Poole et al., 2001; Van Orden et 

al., 2001). Pupil sizes are known to be associated with task complexity and stress, and increased 

size reflects heightened mental workload and stress (Beatty & Kahneman, 1966). While visual 

augmentations could enhance assessment efficiency by focusing instructors’ attention on the 

important features in the videos, the complexity of camera views could interact with these 

anticipated effects. In online teaching, participants often position their cameras based on their 

home environments, resulting in diverse visual feeds (e.g., camera perspectives) (Islam, Harden, 

et al., 2024). This could increase cognitive demands on instructors, as the visual search becomes 

more complicated with the various camera views (e.g., front, side, back). Single-camera views 

simplify the task by reducing visual complexity but may lack sufficient information for 

comprehensive performance assessment (Henderson & Ferreira, 2004). Conversely, multiple-

camera views provide better coverage of movements but increase the cognitive demands on 

instructors (Barron et al., 2014). Instructors managing these complexities could experience 

cognitive overload. The Feature Integration Theory (Treisman & Gelade, 1980) further suggests 

that focused attention is needed to manage complex visual features in augmented video feeds, and 

the task’s difficulty dictates where attention is directed (Yarbus, 1967). Thus, we will explore how 

these visual complexities affect instructors’ assessment performance, and whether additional 

visual augmentations could potentially interact with camera views. 

In this study, we investigate how different visual augmentations (Raw, Skeleton, Contour, and 

Skeleton + Contour) and camera views (Single View, Multiple View) impact instructors’ 

performance and cognitive load during online yoga assessments. Using eye-tracking metrics and 

subjective measures of cognitive workload (e.g., NASA-TLX), we aim to evaluate whether visual 

augmentations improve pose assessment. We hypothesize that while Skeleton and Contour + 

Skeleton visualizations will aid instructors in pose evaluation, they will also raise cognitive 

workload, especially when combined with complex camera views. As for the camera views, we 

hypothesize Single View will be preferred and will result in less cognitive load. This research 

seeks to bridge gaps in understanding how technology can optimize remote yoga instruction and 

enhance safety without overwhelming instructors. 
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2. Methodology 

2.1 Participants 

Individuals with 200 or 500 registered yoga teacher certifications (meeting Yoga Alliance 

standards) were recruited via local flyers, word of mouth, and through the listserv of a local yoga 

studio with over 50 instructors. Eleven registered yoga instructors [3 male, 8 female; mean age 

(SD) = 34.0 (12.5) years; yoga teaching experience = 4.6 (3.7) years] completed the study. To 

qualify, participants had to have normal vision with no history of eye-related surgeries, such as 

cataract procedures. The study protocol was approved by the Institutional Review Board (IRB) at 

Virginia Tech (IRB 22-703). Written informed consent was obtained from all participants prior to 

any data collection. 

 

2.2 Experimental Procedures 

2.2.1 Yoga Performance Videos 

Two certified yoga instructors selected 12 common yoga poses (with 20 different pose 

variations; see Appendix A) that are widely performed in yoga classes and range from easy to 

challenging for online sessions. Five yoga instructors were recruited to generate videos of the 12 

yoga poses by simulating both stable and unstable (potentially unsafe) postures. For the unstable 

posture videos, instructors were informed about the purpose of the study and asked to simulate 

typical unstable postures common to each pose, which they often observe in their own instruction. 

Posture, alignment, range of motion, and balance were manipulated to create unstable pose videos. 

For the video recordings, we played pre-recorded verbal instructions to synchronize the timing of 

the poses performed by the different yoga instructors. 

2.2.2 Experimental Tasks 

Participants completed 8 visual assessment trials (4 Visual Augmentations x 2 Camera Views), 

in which they had to select one unstable pose demonstration out of four presented videos (Figure 

2.1). Our custom interface displayed four randomly selected videos for each pose in a 2 x 2 tile 

format, simultaneously presenting three stable pose demonstrations and one unstable pose 

demonstration. Within each trial, 12 randomly selected poses were presented in a random order 

with the same visual augmentation and camera view condition. The location of the unstable 

demonstration video was randomized for each pose. Participants were asked to submit their choice 
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(unstable pose demonstration) using the selection button at the bottom of the interface (Figure 2.1). 

The study took approximately 2.5 hours. A detailed description of visual augmentations and 

camera views is provided below. 

 

 
Figure 2.1. Interface showing a 2x2 tile format of performance videos. 

 

Visual Augmentations: Four types of visual augmentation (Figure 2.2) were implemented: Raw, 

Skeleton, Contour, and Contour + Skeleton. Raw served as the control condition, presenting the 

original video without any visual augmentation. Skeleton overlaid 25 key joint locations, including 

the torso, hips, shoulders, upper and lower extremities, and facial features, onto the original video. 

Joint locations were detected using OpenPose (BODY25 model; Cao et al., 2018). Contour utilized 

a Canny edge detector within OpenCV software (OpenCV, 2015) to detect the edges of the human 

body, displaying outlines and boundaries of the human body silhouette without the original video. 

 

 
Figure 2.2 Four types of visual augmentation; left to right: Raw, Skeleton, Contour, Contour + 

Skeleton. 
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This condition was created to simulate video sharing without invading the privacy of the 

participants. The Contour + Skeleton condition merged the Contour and Skeleton features without 

the original video. 

Camera Views: Two distinct camera view conditions (Figure 2.3) were simulated to mimic the 

variability encountered in online instruction settings. Yoga students often position their cameras 

in their own way, based on the layout of the room or personal preference, which can increase 

instructors’ cognitive workload during assessment. A single camera view showed the same 

orientation, with the students' frontal sides facing the cameras. A multiple camera view randomly 

presented two frontal views, one side view, and one 45° angled view. 

 

 
Figure 2.3 Single (Left) and Multiple Camera View (Right) with a Skeleton visual augmentation. 

 

Following each trial, participants were prompted to assess the usability of the system by rating 

how useful, confident, and satisfied they felt using the specific visual augmentation and camera 

view condition. The NASA Task Load Index (NASA-TLX; Hart & Staveland, 1988) was used to 

assess participants’ perceived workload. 

Upon completion of all eight trials, participants were directed to complete a post-study 

questionnaire, composed of a mix of closed- and open-ended questions (see Appendix B). We asked 

participants to rank their preference for different types of visual augmentations and identify which 

visual features or characteristics were particularly useful in recognizing unstable poses in each 

visual augmentation condition. Open-ended questions inquired about their overall online teaching 

experience (e.g., availability in providing feedback and challenges), reasons for preferring specific 

visual augmentations based on their earlier responses, and any additional features or suggestions 

for future development to enhance their online instruction. 
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2.2.3 Equipment  

We mounted the Tobii Pro Nano (Tobii AB, Danderyd, Sweden), an infrared-based eye tracker, 

at the lower edge of the monitor screen to collect eye-tracking data (Figure 2.4). The eye tracker 

used binocular tracking and sampled eye metrics at a 60 Hz sampling frequency. Participants used 

a standard RGB monitor (21-inch screen, 75 Hz refresh rate, Dell, USA) along with a wireless 

mouse and keyboard. Before data collection, we adjusted the chair's height, backrest, monitor angle 

(typically between 15° and 20°), and the distance between the monitor and the participants’ eyes 

(65–80 cm) based on the recommended setup guidelines from the manufacturer (Tobii Eye Tracker 

Manager, Tobii AB, Danderyd, Sweden). 

 

 
Figure 2.4 Experiment setup with a monitor equipped with a screen-mounted eye-tracking 

device. 

 

Calibration was performed using both the Eye Tracker Manager software (Tobii Eye Tracker 

Manager, Tobii AB, Danderyd, Sweden) and Tobii Pro Lab software (Tobii Pro Lab, Tobii AB, 

Danderyd, Sweden). Baseline pupil diameter was obtained for each visual augmentation condition 

by showing static images of the same pose in each visual augmentation condition for 5 seconds. 

This baseline pupil diameter was later used to normalize the average pupil diameter measured 

during each trial. 

 

2.3 Dependent Variable 

2.3.1  Eye Tracking Metrics 

Six eye-tracking metrics (i.e., number of fixations, glances, and saccades; peak velocity of 

saccades during entry and exit; and pupil diameter) were collected and filtered using the I-VT 
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Fixation gaze filter, following Tobii Pro Lab guidelines. For analysis, we created four Areas of 

Interest (AOIs), representing the areas for each video (see green boxes in Figure 2.5). The data 

extracted and normalized from the AOI displaying the unstable pose (target answer) were labeled 

as the “Target AOI.” The AOI selected by an instructor was labeled as the “Selected AOI.” If the 

instructor correctly identified the unstable pose, their Target AOI and Selected AOI were identical. 

 

 
Figure 2.5 AOIs (green boxes) around videos A-D. Blue circles show fixations, with larger ones 

indicating longer durations, and numbers in circles marking the fixation sequence. 

 

2.3.2 Subjective Responses 

Usability Questionnaire: A hybrid questionnaire (Appendix B) was created to capture a broader 

range of user experiences, specifically asking questions related to usefulness, confidence, and 

satisfaction by combining items from well-established sources. Items related to effectiveness and 

satisfaction were derived from the System Usability Scale (SUS) (Brooke, 1995). Questions 

addressing cognitive aspects, such as users' ability to comprehend exercise poses and their 

confidence in decision-making, were adapted from the Technology Acceptance Model (TAM) 

(Davis, 1989). Additionally, elements of user enjoyment and overall satisfaction were included 

from the User Experience Questionnaire (UEQ) (Laugwitz et al., 2008). Each category consisted 

of 4-5 sub-questions. To ensure consistency and comparability, all responses were measured on a 

scale from 0 to 100 (0 = Strongly Disagree, 100 = Strongly Agree), in line with widely accepted   
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usability measurement practices. 

Perceived Workload: Following each trial, participants were asked to evaluate their perceived 

workload using the NASA Task Load Index (NASA-TLX) (Hart et al., 1988), which consists of six 

subscales: Mental Demand, Physical Demand, Temporal Demand, Performance, Effort, and 

Frustration. Participants rated each of these dimensions on a scale, allowing for a comprehensive 

assessment of the demands imposed by the tasks. 

Usability Feedback: To gather more detailed usability feedback, we developed a mix of closed- and 

open-ended questions (Appendix C) to explore participants' preferences and experiences with the 

visual augmentations used during the study. Specifically, participants were asked to rank their 

preferred visual augmentation and to elaborate on their selection, including which visual features 

were particularly helpful or unhelpful in identifying unsafe poses with the specific visual 

augmentation (e.g., angle, body alignment, instability). They were also asked to suggest additional 

features that could enhance the performance evaluation process in online yoga instruction. 

2.4 Data Processing 

Normalizations were performed for three eye-tracking metrics due to differences in assessment 

duration. The number of fixations, glances, and saccades in each pose assessment was normalized 

by dividing the total count (either in the Target or Selected AOI) by the average of the three 

remaining AOIs. 

The average pupil diameter was normalized using the baseline pupil diameter for each visual 

augmentation, which was collected at the start of the experiment for each participant. 

 

2.5  Data Analyses 

A chi-squared test of independence was performed to compare assessment performance 

between different visual augmentation and camera view conditions. Separate repeated measures 

analyses of variance (ANOVAs) were performed for eye-tracking measures, usability questionnaire 

ratings, and NASA-TLX ratings, with visual augmentation and camera views as fixed effects and 

pose as a blocking effect. Where relevant, significant main and interaction effects were assessed 

using test slices for pairwise comparisons. The model assumptions of ANOVA were tested before 

performing the analyses, and none were violated. Normality was confirmed using the Shapiro-Wilk 

test (p > .05), while homogeneity of variances and independence of observations were verified. All 
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statistical analyses were performed using JMP Pro (JMP® 17.2.0, NC: SAS Institute Inc., USA) 

with the restricted maximum likelihood (REML) method and a significance level of p < .05. For 

statistical analysis of eye-tracking data, we excluded the Mountain pose (see Appendix A) from 

further analysis due to the absence of noticeable differences between its stable and unstable forms 

in the videos presented. 

Usability questionnaire ratings were calculated by averaging the ratings of 4-5 sub-questions 

from each category: usefulness (the practical utility of the visual augmentations), confidence (the 

instructor's belief in the accuracy of their assessment), and satisfaction (the overall satisfaction with 

the visual augmentations and camera views provided). Similarly, the overall workload score was 

calculated by averaging the ratings of six subscales from the NASA-TLX (Hart & Staveland, 1988). 

Descriptive statistics were calculated for the close-ended usability feedback questions. To 

interpret the results of the open-ended questions, a thematic analysis approach was undertaken 

following the methodology outlined by Lochmiller (2021). Initially, all open-ended responses were 

segregated and meticulously examined to gain familiarity with the respondents' varied answers. An 

inductive approach was adopted to conduct thematic analysis, a widely used qualitative research 

method (Thomas, 2006). The coding process involved carefully labeling each theme to accurately 

capture the essence of the participants' feedback. These codes were then reviewed for coherence 

and consistency to ensure the accuracy of the thematic representation. Responses with similar 

themes were grouped to form three-level themes. Subsequently, these thematic clusters were 

systematically coded to identify overarching themes based on the content of the responses. This 

hierarchical structuring allowed for a comprehensive understanding of the major themes emerging 

from the usability feedback data. 
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3. Results 

3.1 Assessment Performance  

Participants showed no performance differences between the different visual augmentations 

[χ²(3) = 0.77, p = .855] and camera views [χ²(1) = 2.78, p = .095]. The mean (SD) rates of correct 

assessment were 76.4 (1.5), 79.3 (1.6), 77.7 (1.2), and 79.8 (1.3)% for Raw, Skeleton, Contour, and 

Contour + Skeleton, respectively. 

 

3.2 Eye Tracking Metrics 

3.2.1 Target AOI 

No significant main or interaction effects were found for the eye tracking metrics calculated 

for the Target AOI (Table 1). 

 

Table 3.1 Summary of ANOVA results [F-value (p-value)] for the Effects of Visual 

Augmentations and Camera Views on normalized eye tracking metrics in Target AOI.  

 

3.2.2 Selected AOI 

Significant interaction effects were found for the normalized number of fixations and glances 

(Table 2). However, we did not find any significant pairwise comparisons from the post hoc analysis 

performed on the normalized number of fixations (Figure 3.1). The normalized number of glances 

(Figure 3.2) was higher for the Single Camera View in the Contour + Skeleton condition.  

The normalized number of saccades (Figure 3.3) had a significant main effect. Instructors 

showed a significantly greater normalized number of saccades with Contour + Skeleton condition 

Normalized Eye Tracking 

Metrics 

Target AOI 

 Effects F (p) 

Visual 

Augmentations 

Camera 

Views 

Visual Augmentation 

x 

Camera Views 

Number of fixations 1.39 (.243) 0.19 (.658) 0.13 (.941) 

Number of Glances 0.36 (.781) 1.85 (.173) 1.19 (.311) 

Number of Saccades 2.24 (.081) 1.45 (.227) 0.10 (.959) 

Peak Velocity of Entry Saccade  1.68 (.168) 0.93 (.333) 0.34 (.798) 

Peak Velocity of Exit Saccade 0.18 (.909) 0.22 (.632) 0.46 (.708) 



 

 

11 

compared to Skeleton.  

Table 3.2 Summary of ANOVA results [F-value (p-value)] for the Effects of Visual 

Augmentations and Camera Views on normalized eye tracking metrics in Selected AOI. 

Significant differences are shown in bold text. R = Raw; S = Skeleton , C = Contour , C+S = 

Contour + Skeleton. 

 

Normalised Eye Tracking 

Metrics 

Selected AOI 

Effects F (p) 

Visual 

Augmentations 

Camera 

Views 

Visual Augmentations 

 x 

Camera Views 

Number of fixations 0.38 (.761) 0.24 (.617) 0.24 (.617) 

Number of Glances 0.87 (.454) 1.32 (.250) 
3.03 (.028) 

C+S: Single > Multiple 

Number of Saccades 
2.70 (.044) 

C+S > R : C > S 
0.33 (.568) 0.88 (.446) 

Peak Velocity of Entry Saccade  0.72 (.536) 1.08 (.298) 0.56 (.639) 

Peak Velocity of Exit Saccade 0.77 (.506) 0.43 (.513) 0.36 (.785) 

 

 

Figure 3.1 Normalized mean number of fixations across different Visual Augmentations and 

Camera Views. Error bar = standard deviation. 
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Figure 3.2 Normalized mean number of glances across different Visual Augmentations and 

Camera Views. “ * ” indicates pairwise significant interaction effect Error bar = standard deviation. 

 

 

 

 

 
Figure 3.3 Normalized mean number of saccades across different Visual augmentations. 

Conditions with different letters are significantly different. Error bar = standard deviation. 
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3.2.3 Average Pupil Diameter 

A significant main effect of visual augmentation was found for average pupil diameter [F(3, 

940) = 16.37, p < .0001]. The  Skeleton and Contour + Skeleton conditions had a higher average 

pupil diameter followed by Raw and Skeleton.  

 

 

 
Figure 3.4 Average pupil diameter across Visual Augmentations. Conditions with different letters 

are significantly different. Error bar = standard deviation 

 

 

3.3 Subjective Responses 

3.3.1 Usability Questionnaire  

All three usability categories (usefulness, confidence, satisfaction) showed similar main effects 

for both visual augmentations and camera views, with post-hoc results indicating that the 

satisfaction category had a significant interaction effect. Across all usability measures, participants 

rated Raw as the best option compared to the other visual augmentations. The only exception was 

in the usefulness category, where Raw and Skeleton showed no significant difference. Skeleton was 

rated better than Contour + Skeleton, which, in turn, was rated better than Contour for all three 

usability categories. Participants found the Single View better compared to the Multiple View. 
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Table 3.3 Summary of ANOVA results [F-value (p-value)] for the Effects of Visual 

Augmentations and Camera Views on Usability Ratings. Significant differences are shown in bold 

text. R = Raw; S = Skeleton; C = Contour; C+S = Contour + Skeleton. 

Usability 

Ratings 

Effects F (p) 

Visual Augmentations Camera Views 

Visual Augmentations 

x 

Camera Views 

Usefulness 
159.91 (<.0001) 

R, S > C+S > C 

36.57 (<.0001)  

 Single > Multiple 
1.0 (.39) 

Confidence 
259.08 (<.0001) 

R > S > C+S > C 

80.59 (<.0001)  

 Single > Multiple 

1.99 (.112) 

 

Satisfaction 
229.88 (<.0001) 

R > S > C+S > C 

32.39 (<.0001) 

 Single > Multiple 

3.05 (.027) 

R, C+S, S: Single > Multiple 

 

 
Figure 3.5 Mean Usability Ratings (Usefulness, Confidence, and Satisfaction)  across different 

Visual Augmentations and Camera Views. “ * ” indicates a significant paired difference (p < .05). 

Conditions with different letters are significantly different. Error bar = standard deviation 
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3.3.2 Perceived Workload 

A significant interaction effect between visual augmentations and camera views was observed 

for perceived workload [F = 5.85, p = .0006] (Figure 3.6). Within the Skeleton and Contour + 

Skeleton conditions, participants reported a greater workload with the Multiple View. However, 

this was the opposite for the Raw video condition. 

Visual augmentations had a main effect [F = 81.74, p < .0001], with all visual augmentation 

conditions being statistically different from each other. Participants rated the Raw video as the least 

demanding, followed by Skeleton, Contour + Skeleton, and Contour. 

 
Figure 3.6 Overall NASA-TLX Score across different Visual Augmentations and Camera Views. 

“ * ” indicates a significant paired difference (p < .05). Conditions with different letters are 

significantly different. Error bar = standard deviation 

 

3.3.3 Usability Feedback 

The Raw video was selected as the most preferred visual augmentation type (64%), followed 

by Skeleton (27%). Both Contour (10%) and Contour + Skeleton (0%) were the least preferred. 

About 80% of the participants selected the single camera view as their first preference. Participants 

found augmented visual features helpful in distinguishing unsafe poses because they showed body 

alignment, pose, and angle. Participants reported that gestures and facial expressions were helpful, 

but noted that these were only available in the Raw videos. The Skeleton visual augmentation was 
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reported as very helpful, as it offers deeper insights into body structures and is not limited to just 

pose alignment. Some participants commented that Skeleton was helpful when students wore baggy 

clothes, which hindered accurate assessment of body alignments and joint angles. 

We identified three broad first-level themes from the thematic analysis: 1) Challenges in 

assessing performance; 2) Helpful/unhelpful visual features; and 3) Potential improvements. The 

first, second, and third-level themes are depicted in Figure 3.7. A complete list of themes and 

associated quotes is summarized in Appendix E. 

Challenges in Assessing Performance: Three second-level themes were identified from the 

challenges associated with assessing performance in online yoga teaching: camera positioning and 

visibility, color contrast and background, and increased cognitive load. Participants found the 

ineffectual use of cameras or the lack of visual feeds to be the primary challenges in online 

performance assessment. Even when visual feeds are available, it is still challenging to assess pose 

and alignment if there are distractions in the background or visual clutter, which increase cognitive 

load. 

Helpful/Unhelpful Visual Features: Participants mentioned that Raw video was their preferred 

mode because it allowed them to observe hands and feet clearly, while adding visual augmentations 

like Skeleton or Contour increased visual clutter. Skeleton was perceived as helpful for inspecting 

pose and alignment, while Contour was considered useful for focusing on pose details, as it removed 

visual distractions from the background. 

Potential Improvements: Due to the limitations of visual augmentations, participants found the 

flickering images distracting and fatiguing. They also suggested displaying visual information that 

is not easily perceived through the videos, such as showing weight distribution to assess the balance 

and safety of a pose. Providing instructions on effective camera use for safety was also 

recommended, which could encourage students to use their cameras more. 
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Figure 3.7 Illustration of all three categories (round boxes), 9 secondary level themes (capsule 

shaped boxes), and related tertiary level themes (italicized text in rectangular boxes). 
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4. Discussion 

4.1 Visual Augmentations 

We found that instructors' performance was not enhanced by augmentations like Skeleton and 

Contour when compared to the Raw video feed, and in some cases, they introduced new cognitive 

challenges. Instructors may be accustomed to assessing students with standard video feeds (Raw), 

rendering the additional visual augmentations less beneficial. Despite the benefits of highlighting 

pose alignment and reducing distractions, the increased visual complexity seemed to be distracting 

to instructors rather than aiding their performance, potentially overloading their visual attention. 

The ratings on the usability questionnaire supported this, with Raw consistently selected by the 

instructors as the most preferred option across three usability categories. Conversely, Contour was 

rated as the least effective and most challenging to use, confirming its higher cognitive demands 

and lower usability. 

Eye-tracking metrics revealed that both Contour + Skeleton and Skeleton conditions led to an 

increase in the normalized number of fixations, glances, and saccades compared to the Raw 

condition. These increased visual search behaviors suggest that instructors had to exert more 

cognitive effort navigating the augmented visuals, as frequent saccades and longer fixations reflect 

increased mental effort (Van Orden et al., 2001). Glances and saccades were more frequent in the 

Contour + Skeleton condition, indicating difficulty in quickly processing the visual information. 

The increased pupil diameter observed in the Contour + Skeleton and Skeleton conditions further 

reinforces the notion of heightened cognitive load in these augmented visual conditions. Pupil 

dilation is a well-established indicator of mental effort, and larger diameters in these conditions 

suggest that instructors were experiencing greater processing load as they attempted to evaluate 

participants’ postures (Beatty, 1982; Kahneman & Beatty, 1966; Laeng et al., 2012). This result 

confirms the hypothesis that complex visual augmentations like Skeleton and Contour + Skeleton 

increase cognitive demands, requiring more mental effort to interpret and assess body movements. 

However, despite Contour being rated as the least preferred option in subjective responses, pupil 

diameters during the Contour condition were as low as in Raw, suggesting lower cognitive demands 

compared to Skeleton or Contour + Skeleton. 

The Raw visual augmentation was preferred for its simplicity and lower cognitive demands. 

While further improvement is needed, Contour could serve as an alternative to no videos when 

privacy is a concern for the participating students. This is supported by the fact that assessment 

performance was not significantly affected by this visual augmentation. 
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4.2 Camera Views 

The hypothesis that Single Camera View would lead to lower cognitive load and be preferred 

by instructors was confirmed, based on the analysis of usability ratings and perceived cognitive 

load. In contrast, the Multiple Camera Views provided more comprehensive coverage but led to 

visual clutter, as instructors had to manage and switch between multiple visual streams. This was 

reflected in the increased frequency of glances, which are indicators of heightened cognitive 

demand (Van Orden et al., 2001). This is likely due to the limited perspective provided by a single 

camera view, which made it harder for instructors to get a complete view of the participant's pose 

(Henderson & Ferreira, 2004). This could also indicate that instructors were more engaged with the 

Single View, potentially focusing more on the task simply due to the ease of comparing the visual 

feeds in a 2 x 2 tile format (Rensink, 2000). 

However, the limited field of view in Single View may have hindered instructors’ ability to 

thoroughly assess certain poses (e.g., High Plank, Sphynx), leading them to make more glances to 

compensate for the restricted perspective (Liversedge & Findlay, 2000; Henderson & Ferreira, 

2004). Camera view yielded more mixed results compared to visual augmentation, with only 

usability ratings and perceived cognitive load favoring Single View, while other metrics showed 

the opposite. 

The only exception was the Contour + Skeleton augmentation, in which the Single View led to 

a higher mean (SD) normalized number of glances [131.8 (54.6)] compared to Multiple View [117.5 

(38.9)]. This finding supports earlier research that showed while multiple views provide more 

information, they also require more mental effort to process, potentially increasing the likelihood 

of errors (Barron et al., 2014). 

 

4.3 Limitations  

A limitation of this study is the small sample size (n = 11), which may have impacted the power 

of the statistical testing. In our a priori testing using G*Power (Faul, Erdfelder, Lang, & Buchner, 

2007), the required sample size was calculated as 18. Due to the study's inclusion criteria for 

extracting eye-tracking data and selecting eligible yoga instructors, recruiting a larger sample was 

not feasible. Despite efforts to distribute flyers across various yoga studios around the Virginia 

Tech campus, including Blacksburg and Christiansburg, recruitment challenges persisted. 
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Another drawback is the use of the I-VT Fixation gaze filter, which is better suited for screen-

based visual stimuli where head movement is more restricted, as opposed to studies involving real-

world or dynamic stimuli (Salvucci & Goldberg, 2000; Olsen, 2012). In this study, dynamic videos 

were presented in a 2x2 tile format. Using a gaze filter designed for dynamic stimuli, such as the I-

VT Attention filter, which accounts for rapid eye and head movements, may have uncovered 

significant interactions between visual augmentation and camera views on metrics like saccades. 

An important constraint of the study is the design of the Multiple View condition, which departs 

from standard practices in the field of pose estimation and performance guidance (Rodriguez-

Criado et al., 2024). In most studies, multiple views focus on a single participant viewed from 

different camera angles, providing a comprehensive assessment. However, this study utilized a 2x2 

tile format, where participants were shown in varied orientations. This restricted the yoga 

instructors' ability to fully assess performance and provide consistent feedback based on typical 

pose estimation methods. While this setup mimics real-world online yoga classes, it introduces 

complexity that limits direct comparisons with prior studies. This also raises concerns about 

whether less experienced instructors would be able to effectively interpret these diverse visual 

inputs, potentially reducing the overall effectiveness of the visual augmentation tools in real-world 

applications. 

Furthermore, a limitation of this study was the absence of audio cues and direct interaction 

between the yoga instructors and the students. We used pre-recorded videos to control the 

experimental settings, including the background and participant performance (one unsafe video 

among four options). However, this approach might have limited the realism and ecological validity 

of the instruction scenarios. In real-world settings, instructors rely heavily on verbal feedback and 

real-time interaction to guide and correct students' postures. This lack of interaction might have 

limited the instructors' ability to accurately assess the poses, as assessments often depend on verbal 

feedback and real-time interaction to provide context and depth to visual information. 

Additionally, the Mountain Pose was excluded from the eye-tracking data due to its lack of 

noticeable instability between different forms, which may reduce the applicability of the findings 

across all yoga poses. The reliance on self-reported measures of cognitive load (NASA-TLX) also 

introduces potential biases, as instructors may not fully perceive or accurately report their cognitive 

effort during the task. Additionally, instructors are typically positioned much farther away from 

their camera or screen during pose demonstrations, making it significantly more challenging for 

them to evaluate performance accurately from small visual feeds. Future studies should consider 
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incorporating audio cues and live interaction to better simulate a true teaching environment and 

more accurately assess the impact of visual augmentations and camera views. 

Lastly, the current study used a 2x2 video tile format, which is still less than the usual number 

of participating students in online yoga classes. Instructors’ performance and eye-tracking 

movements could be more notable with an increased number of visual feeds. Furthermore, while 

eye-tracking metrics such as fixations and saccades provide insights into visual attention and 

cognitive load, the real-world applicability of these findings in dynamic online environments 

remains to be fully explored. 

 

4.4 Future Research Direction 

Future studies should explore alternative visual augmentation techniques that simplify rather 

than complicate the visual field. Heat maps or dynamic overlays that provide real-time feedback on 

specific body parts or movements could be more effective in guiding instructors' attention without 

overwhelming them. Additionally, integrating real-time motion detection algorithms could offer 

automated assistance in identifying unstable poses, thus reducing the instructors' cognitive load. 

Further research could also examine privacy-preserving augmentations that balance participants' 

privacy with instructors' ability to assess performance, addressing concerns about Social Physique 

Anxiety (Brunet & Sabiston, 2009). 

Research should also investigate varying camera angles to understand how they impact the 

performance evaluation of yoga poses. Ideally, adaptive camera views for each pose (e.g., a side 

view for the Warrior pose and a frontal view for the Tree pose) could enhance performance 

assessment. Allowing instructors to choose from different visual augmentations and camera views 

could offer valuable insights into their preferences and adaptive strategies. Incorporating audio 

components could also improve instructional flexibility and reduce cognitive load. Additionally, 

expanding the scope to include multiple visual feeds from students could provide a deeper 

understanding of how different visual augmentations and camera setups influence assessment 

accuracy. Moreover, shifting the research focus toward identifying specific types of errors rather 

than solely assessing pose safety within a limited timeframe could reveal the trade-offs between 

efficiency and thoroughness in online yoga instruction. This approach would help optimize the use 

of visual tools and improve overall instructional effectiveness. 
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5. Conclusion 

This study tested the hypothesis that overlaying human joint locations on raw videos (Skeleton) 

would enhance visual search effectiveness, despite potentially increasing cognitive workload. We 

also hypothesized that displaying only the contour of participants' videos (Contour) would be less 

effective, but combining joint locations with contour (Contour + Skeleton) might improve visual 

search. 

While the Skeleton augmentation showed a trend toward increased cognitive workload, as 

indicated by larger pupil diameters, it did not significantly enhance visual search effectiveness or 

improve assessment accuracy compared to other augmentations. Contour alone was less effective 

for visual search, aligning with our hypothesis, but the combination of Contour and Skeleton did 

not demonstrate a clear improvement in visual search or assessment performance and proved to be 

more cognitively demanding. Usability ratings indicated that simpler visualizations, such as Raw 

and Skeleton, were preferred, with the Single View layout favored over Multiple Views for ease of 

use and reduced cognitive strain. 

Overall, while Skeleton augmentation increased cognitive load, it did not significantly enhance 

visual search performance as hypothesized. Future research should explore additional visual 

augmentation techniques and configurations, including varied camera angles and audio 

components, to better understand their impact on visual search effectiveness and cognitive 

workload in online yoga instruction. 
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Appendices 

Appendix A. A list of Yoga Poses Used in the study with example pictures of stable and potentially 

unstable poses.  

No. Pose Name Stable Pose  Potentially Unstable Pose 

1 Kneeling 

  

2 Cow 

  

3 Cat 

  

4 High Plank 

  

5 
Downward 

Facing Dog 
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6 
Tree 

(Kickstand) 

  

7 Half Moon 

  

8 Warrior 1 

  

9 
Warrior 2 

(Modified) 

  

10 
Extended 

Side Angle 
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11 Sphynx 

  

Excluded from Data Analyses for Eye Tracking Metrics 

12 Mountain 
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Appendix B. Usability Questionnaire 

 

Please read the statements and respond to them on a scale of 0 to 100. 0 = Strongly Disagree ; 100 

= Strongly Disagree 

 

Useful 

1. It helps me to be more effective 

2. It is useful 

3. It makes the things I want to accomplish easier to get done 

4. It meets my needs 

 

Confidence 

5. I can comprehend trainee’s exercise pose 

6. I can easily perceive change in the trainee’s exercise pose 

7. I am confident on my decision 

8. I am so confident that I do not want to change my answer 

 

Satisfaction 

9. I am satisfied with it 

10. I would recommend it to a friend 

11. It is fun to use 

12. It is wonderful 

13. It is pleasant to use 
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Appendix C. Usability Feedback 

 

1. Do you teach yoga online? 

2. If you teach online, can you describe the difficulties you face while assessing trainees’ poses? 

For example, are you facing difficulties in assessing poses while you need to monitor multiple 

video feeds from different participants, which is cognitively demanding? Or are you unable to 

assess due to participants turning off their videos? 

3. Do you often provide feedback to the group as a whole or to a specific individual? 

4. If you provide feedback for pose correction or encouragement, does it differ by online vs. in-

person instruction? 

5. Please rank your preference on the following visual feeds: [Raw], [Skeleton], [Contour], 

[Contour + Skeleton] 

6. Any reasons for making the above choice? 

7. Do you think the additional visual augmentation (e.g., skeleton, contour) helps assess 

participants’ poses? Why? 

8. Any other functions you would like to add to help with visual inspection of the poses besides 

the visual features we provided? 

9. It is easier to identify unsafe poses when the camera angle is : a. Same in all feeds b. Different 

in all feeds 

10. Select which visual feature/characteristics were useful in identifying unsafe poses in the 

specific video condition (Multiple selections are allowed): Raw, Skeleton, Contour, and 

Contour + Skeleton 

a. Angle; b. Body alignment; c. Participants facial expression; d. Pose;  e. Instability   
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Appendix D. Average Pupil Diameter 

 

Table 3.4. Summary of ANOVA results [F-value (p-value)] for the Effects of Visual augmentation 

and Camera view on Average Pupil Diameter. Significant differences are shown in bold text. R - 

Raw; S - Skeleton , C -Contour , C+S - Contour + Skeleton, SV- Single View, MV- Multiple View 

 

Eye Tracking Metric 

 

Effects (F, p) 

Visual Augmentation Camera View 
Visual Augmentation 

   x Camera View 

Average Pupil Diameter 
16.37 (< .0001) 

C+S : S > R : C 
0.04 ( 0.847)  2.09 (.099) 
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Appendix E. Extended Thematic analysis 

First-Level 

Theme 
Second-Level Theme Tertiary-Level Theme Quotes 

Challenges in 

Assessing Performance 

Camera Positioning 

and Visibility  

Ineffective Camera 

Positioning 

P1: “I think the biggest challenge is camera angle, lighting, ...” 

P3: “Students not being centered with the camera or you can only 

see part of them when they are standing …” 

P2: “It's easiest for me to assess if the long edge of the mat is 

parallel with the camera, but then of course they can't see me as 

well.” 

P3: “... students turning to look at the screen in poses more so than 

when in the studio, distractions in the background that divert your 

attention, not being able to move to look at them and get a better 

angle …” 

P4: “... it is easier to request that their cameras are on and we work 

with them to adjust their cameras to provide the best angle to see 

their shapes." 

P4: “The most challenging is when the students don't situate their 

cameras so that you can’t see their full form …, which makes it 

actually impossible to assess their shapes. It changes the postures I 

choose to teach during an online class.” 

Limited Full Body 

Visibility 

P2: “It is hardest when students are facing me at the front or short 

side of the mat with their bodies lined up away from me…” 

P4: “The most challenging is when the students don't situate their 

cameras so that you can see their full form. It is nearly impossible 

to support them if you cannot see their bodies….” 

P8: “... usually when they are on, it is an incomplete frame of their 

body and form …” 
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P1: “In person there is the ability to get a 360 view if needed for 

visual inspection as well as an opportunity to give hands on 

assists/use of props.” 

Small Video Feed P5: “Yes, and the challenges are primarily the size of the image,and 

not being familiar with each person's practice and body.” 

P6: “... and the challenges are primarily the size of the image” 

Participant Behavior 

(Turning off Cameras) 

P1: “Often times participants turn there video off” 

P2: “Some students don't turn the video on at all, so I don't even 

know they are there. I usually have only one or two students with 

videos during class.” 

P4: “Many students do practice with their videos off, which makes 

it actually impossible to assess their shapes” 

P4: “… it is easier to request that their cameras are on and we work 

with them to adjust their cameras to provide the best angle to see 

their shapes.” 

P5: “People often leave their cameras turned off on Zoom.” 

Color Contrast, 

Background 

 Pose Assessment P1: “... clothing color against background color, clothing choices 

(baggy clothing limits visibility of joint orientation)” 

P3: “Yes because I can better see the lines of the body (with the 

Skeleton) especially through baggy clothing.” 

Distractions in 

Background 

P3: “... distractions in the background that divert your attention, not 

being able to move to look at them and get a better angle.” 

 Increased Cognitive 

Load 

 

Managing Multiple 

Video Feeds 

P7: “It's difficult to see everyone if you have more students than 

Zoom screens that fit in one configuration.” 

Visual Clutter P8: “I think that it can, when showing how joints are aligning (e.g. 

somebody's foot directly against their knee in tree pose) but 

sometimes it was a distraction or wholly inaccurate when picking 

up on the wrong visual data.” 
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Helpful/Unhelpful 

Visual Features 

Raw Video  Observing Hands and 

Feet 

P1: “The raw allows for observation of the hands and feet which are 

typically the first place that I observe a posture especially in closed 

chain pose.” 

P9: “I felt like I could see the best in the raw videos.” 

Skeleton  Pose/Alignment 

Inspection 

P1: “While the skeleton does provide insight into the alignment of 

the bones, it does not allow for inspection of joint orientation or 

orientation of the feet and hands.” 

P7: “Skeleton allows for a faster interpretation of posture versus 

raw.” 

P3: “I can better see the lines of the body especially through baggy 

clothing or hair that is in the way. I noticed things like broken lines 

in poses that should be straight much faster with the skeleton and 

contour because it stood out so much more. It was also easier to 

filter out the extra activity like people moving or shaking their 

hands because it didn't really change their overall shape in each of 

the poses.” 

P10: “I can see body movements more naturally in the raw or 

skeleton format” 

P11: “The skeleton was a little hard to get used to at first...but then 

it really grew on me.  it was easier to see alignment.” 

Visual Clutter P3: “... I thought I would like the skeleton, but it actually made it 

hard to see the person behind it. “ 

P9:  Sometimes the skeleton obstructs the important visual 

information, especially at certain angles where the nodes overlap. 

Contour Focus on Pose Details P4: “I like the contour because it gives more focus but it was so 

much harder than raw when the students were at inconvenient 

angles …” 

Challenges with Visual 

Effect 

P1: “... The contour often does not show the hands and feet or it is 

blurry…” 
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P4: “I really struggled with the contour because the lines were 

shaking and some parts of the body dropped off the screen.” 

P7: “ The contour makes me work harder visually to capture the 

pose we are looking for versus raw…” 

P9: “ … The contour alone often lacked sufficient visual data to see 

the whole participant.” 

Potential Improvements Stability in Visual 

Effects 

Removing Flickering  P3: “…The skeleton is most useful for assessing poses, but because 

of the flickering, I prefer it raw. ” 

P3: “The flickering of both skeleton and contour were very hard 

after a while.” 

Additional Visual 

Effects  

Weight Distribution P4: “If the skeleton coloring lightened and darkened on a scale 

based on pressure, that could be helpful in the combination of 

contour/skeleton in assessing the movements of the individual's 

body.” 

Improved Adjustment 

Guidance 

P9: “I would prefer that I could (choose to see between) raw and 

skeleton simultaneously.” 

Technical Issues Camera Instruction for 

Safety 

P1: “A tool kit and explanation for having cameras on for safety 

could be beneficial.” 
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