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“Whatever you do, work at it with all your heart as working for the Lord, not for human masters.” 

–

“Tudo o que fizerem, façam de todo o coração, como para o Senhor, e não para os homens.”

–



ABSTRACT 

adaptable manner. Given the wide variability in users’ motor and cognitive abilities, there is a clear 

head and wrist movement) to capture users’ quality of experiences and toleran

’s

ioning (MoCA) correlated negatively with collisions (ρ = –

.05) and RMSE (ρ = –





RESUMO 

–

–

se negativamente com colisões (ρ = –.73, p < .05) e RMSE (ρ = –
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–

INTRODUCTION

Introduction

Research Motivation 



the user’s needs, abilities, and available support



–

–

–

–

–

–

Union (ITU), refers to the user’s overall perception of system utility and enjoyment

include participants’ motor and cognitive abilities and 



Together, these factors shape the users’ QoE and are assessed using both explicit and implicit 

Research Questions and Objectives

uating the user’s experience 



–

(e.g., task completion time and driving errors), users’ QoE





–



simulator’s design and its preparation for pilot use in clinical settings.



–

without disrupting users’ engagement or the structure of scheduled 



Contributions and Publications



–

•

Systems Conference (MMSys’22) (2022). DOI: 

•

ACM Multimedia Systems Conference (MMSys’18) (2018). DOI: 

•

•

https://doi.org/10.1145/3524273.3528175
https://doi.org/10.1145/3204949.3208118
https://doi.org/10.1109/QoMEX48832.2020.9123086
https://doi.org/10.1016/j.procs.2019.11.030


•

–

–

•

https://doi.org/10.1371/journal.pone.0325186


–

•

–

•

•

https://doi.org/10.1016/J.DIB.2024.110535
https://doi.org/10.1016/j.simpa.2024.100731
https://busca.inpi.gov.br/pePI/jsp/programas/ProgramaSearchBasico.jsp




–

–

–

–

–

–

–

–

–

–

–

–



 LITERATURE REVIEW

Clinical and Research Background on Power 

Mobility and Wheelchair Simulators

Clinical Background of Powered Mobility Provision 

term fit of the device within the user’s daily environment 

–



–

conditions, and environmental factors. The WHO’s International Classification of Functioning, 

Parkinson’s Disease, Cerebral Palsy (CP), Traumatic Brain Injury (TBI), Amyotrophic Lateral Sclerosis 



rstanding of participants’ functional abilities and 



–

y are described as “distinct latent variables” 

—

—

influence users’ capacity to operate PMDs, with both predictive and correlational associations 

–



–

–



–



—

—based on a user’s baseline performance. In this way, 

without promoting a prescriptive “one all” model.



–



th everyone’s 

Evaluating the user’s physical, environmental, and functional needs.

Adjusting the wheelchair to the user’s body and environment.



–

particularly within the “Use” and “Follow up” stages, strengthening both training opportunities and 



–



–

instruments illustrate the field’s movement toward more holistic and flexible evaluation, their 



–

–



–

Cognitive assessment tools play a vital role in determining a person’s cognitive abilities and their 

function may affect a user’s ability to plan routes or respond to unexpected changes in the 

profile participants’ 

individuals’ post



based metrics to profile participants’ 



–

–





–



Research on Wheelchair Simulator



–

•

•

•

•



based tasks, while observers (typically healthcare professionals) evaluate the user’s 



–

—

–



world wheelchair movement by physically shifting the user’s base 



–



‑
‑ ‑



–

immersion, realism, and data resolution, ranging from 2D bird’s

mulator’s design intent, task complexity, and the fidelity of 





–

–





–



–



–



–



–

–



–



–

use of diverse wheelchair users’ groups, and a general absence of longitudinal or high



–

–



–



•

•

•

•

•

•



–

User Response Assessment in Simulator Studies

•

•

•



QoE, by contrast, addresses the user’s subjective

•

•

•



–

•

•

•





–

• –

• –

• –

• –





–





–

While cognitive load offers insight into users’ mental effort, it does not fully capture how users 

“The degree of delight or annoyance of the us

the application or service in the light of the user’s personality and current state” (ITU



“a perceivable, recognized and nameable characteristic of the individual’s experience of 

a service which contributes to its quality” 

–

•



–

•

• : although the term “realism” may not be 



•

•

•

•

•

to directly capture the user’s perceived quality and affective response to a 

T, 2025; Kojić 



–

–





–



to users’ physiological signals (heart rate and galvanic skin response), have demonstrated the ability 



–



METHODOLOGY

Research Methodology 

Introduction

integrates explicit and implicit data to assess users’ Quality of 

Studies Overview

•

of the author’s knowledge, this represents an early application of su

•

Demonstrated that adjustable motion settings (rather than a single “most 

realistic” profile) can be used to tailor immersion to user tolerance and to evaluate whether 

•



–

•

Wheelchair Simulator System Overview 



•

•



–

•

rise PC equipped with an Intel Core™ i7





–

–





–

provide reference points for alignment with simulator events. Second, the wristband’s internal clock 

was synchronised with the host computer’s system time 

lignment with simulator events. Second, the wristband’s 

ame rate against Unity’s timeline, 



Degrees ↔ Radians

Euler → Quaternion 

–

helper using quat Δ →

–angle → ω/dt

World ↔ Body (frame) 

rotmat(q)*ω_body

(ω_body) → world 



–

Lab Settings and Protocol Guidelines

Participants

was optimal to detect a large effect size (Cohen’s d > 0.8), with α = 0.05 and power = 0.80 (1 β). While 

in with 80% power at α = 0.05 (two



Ethics Approval

ned from the institute’s ethics committee in advance of the experiments. 

QoE-Based Assessment Approach Guidelines



–



st procedures were integrated into participants’ routine clinical 



–

The test phase focused on participants’ interaction with the virtual wheelchair simulator. In the lab

test phase gathered both quantitative and qualitative feedback on participants’



from wheelchair users’ group. These insi

individual adaptation needs, and broader reflections on the simulator’s perceived relevance for 

Explicit Measures 



–

– ✓ ✓ ✓

–

✓ ✓ ✓

✓ ✓ ✓
✓ ✓ ✓

✓

✓

✓
✓

✓



point scale, from “very, very low” to “very, ver

high” 

Implicit Measures

participants’ emotional and cognitive responses during simulator use.



–



body’s physiological response to stress or cognitive demand.



–

(SNS), responsible for activating the “fight or flight” response, and the parasympathetic nervous 

system (PSNS), which promotes “rest and digest” functions and recovery states

Sympathetic Nervous System(“Fight or Flight”)
(“Rest and Digest”)



–



–

RMSE measures the deviation between the user’s actual driving path (nominal trajectory) and an ideal 

𝑅𝑀𝑆𝐸 =  √1𝑛 ∑[(𝑥𝑖 − 𝑥𝑖∗)2 + (𝑦𝑖 − 𝑦𝑖∗)2]𝑛
𝑖=1    



• 𝑥𝑖 𝑦𝑖) are user’s actual positions

• 𝑥𝑖∗ 𝑦𝑖∗)
• 𝑛

Data Analysis Pipeline Overview

2023 dataset”





Data Processing 



–

•

•

•

•

•

𝐵𝑖𝑛 𝑊𝑖𝑑𝑡ℎ =  max(𝑡) − min(𝑡)𝑁





–



d relative to the session’s start time (t₀, UNIX time). IBI data were only recorded when the 

t₂ − t₁ ≠ IBI(t

HR and IBI data were extracted directly from the E4’s timestamped output. Artefact



–

•

•

𝑆𝐷𝑁𝑁 =  √ 1𝑛 − 1 ∑(𝐼𝐵𝐼𝑖 − 𝐼𝐵𝐼̅̅ ̅̅ )2𝑛
𝑖=1    

𝑅𝑀𝑆𝑆𝐷 =  √ 1𝑛 − 1 ∑(𝐼𝐵𝐼𝑖+1 − 𝐼𝐵𝐼𝑖)2𝑛−1
𝑖=1    

• 𝐼𝐵𝐼𝑖
• 𝐼𝐵𝐼̅̅ ̅̅
• 𝑛

Head Movements Pre-processing and Feature Extraction

relationships with participants’ subjective experiences, including QoE and cybersickness symptoms. 



Second, angular velocity was computed from the quaternion time series using MATLAB’s angvel 

Δ𝑡 = 0.1



–

𝑅 = 𝑅𝑥 ⋅𝑅𝑦 ⋅ 𝑅𝑧



𝑞 = 𝑞𝑥 ⊗ 𝑞𝑦 ⊗ 𝑞𝑧
–

Statistical Analysis

–

–

tests were applied. Effect sizes were reported using Cohen’s 

η

–



–

orrelation analyses were conducted using Spearman’s rank coefficient (ρ) to examine associations 

ρ

η

≥ 1.0

–

–

–

–

–



Summary

•

• refined the simulator’s motion profile and assessed discomfort and sense of 

•



–

–

 EXPERIMENTAL STUDIES

Lab-based Studies – Exploring Simulator Use 

through Quality of Experience and User Performance 

Introduction

he simulator’s experiential, 

•

•

•

•



multidimensional approach to assess users’ QoE in powered wheelchair simulators through controlled 

simulator’s adaptation for clinical assessment and training workflows. 



–

–

Study 1 – Foundational QoE Assessment of an Immersive Wheelchair 

Simulator in Controlled Settings



•

—

—

•







–

–

–

–

–

–

–





–

–



–



–

–



1 groups α = 0.05). Variables with p

distribution; those with p ≤ 0.05 were considered non

–



–

–

–

–

A statistically significant difference was found for Item Q2 (“Easy to use”), with higher ratings in the 

Bonferroni correction (α = 0.01). 

effect size, calculated as r=−0.403, indicates a moderate effect, suggesting a meaningful difference in 

∣ ∣
significant result (t(39)=−1.07,p=0.293,d=−0.16), reinforcing that overall usability perceptions were 

–

–

–

–

–

–



–

– –

–

– –

–

– –

–

– –

–

– –

–

–

–

** p < 0.01 after Bonferroni correction (α = 0.01)

Levene’s F (p)



–

–

–

large effect sizes (r=−0.55 and r=−0.41) indicate a meaningful and substantial difference 

(t(39)=−3.11,p=0.003), with the H



the results indicate that immersive VR displays improve users’ perception of presence

sense of “being there” and spatial interaction



–

–

–

– –

– –

–

– –

–

– –

–

– –

–

– –

–

–

–

** p < 0.01 after Bonferroni correction (α = 0.01)



–

– –

–

Bonferroni correction (adjusted α = .0083), 



–

–





–

–

–

–

α = .0083



ser’s quality of 



–

–

–

–

–

–

–

–

–

–

–

–

–

–

α =



—

—



–

–

with physiological data, the study captured complementary insights into users’ emotional, 



r motion dynamics influence users’ QoE in terms of perceived workload, 



–

–



Study 2 – Comparative QoE and Cybersickness Assessment

Study 2: Introduction 



–

–

•

•



detect large effect sizes (Cohen’s

at α = 0.05. 



–

–

deceleration curves, representing different levels of “jerk”, the rate of change 



Two distinct motion profiles were implemented using Unity3D Engine’s physics



–

–

and implicit metrics responses, correlation analyses were conducted using Spearman’s rank 

–



–

–

–

–

–



–

–

–

Size (η²)

–

–

–

–

–

–

–

–

–



–

–

(η² = 0.23 and η² = 0.12, resp

η² = 0.

–



–

–



–

Size (η²)

– –

–

–

– –

–

–

– –

–

–

– –

–

–

– –

–

–

–

–

–



–

–



–

– “Sense of being in VE”), and the Total IPQ Score. Headset

effect sizes (η² = 0.3

Overall, Study 2 supports and extends Study 1’s findings by demonstrating that immersive 

2, enhance users’ perceived presence environments. The most 

the general feeling of being “inside” the simulation and 



–

–



–

(η²)

–

–

–

–

–

–

–

–

–

– –

–

–

– –

–

–

–

–

–



–

–

–

η²

– –

–



– –

–

Size (η²)

–

–

–

–

–

–

–

–

–



–

–

–

TLX scores, even though effect sizes for raw (η² ) and weighted TLX scores (η²



–

(η²)

–

–

–

–

–

–

–

–

–

–

–

–



–

–



for each subscale and the total score, ranging from “None” to “Severe.”

–

Across both Headset conditions, mean SSQ scores remained below the “Slight” severity 

–

–

–

–

–

–

–

–

–

–



–

–

– –

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–



–

–

Bonferroni correction for multiple comparisons (α = .0125). Despite this, moderate effect sizes were 

–



–

–

for Nausea (ρ = –.517, p = .002), Disorientation (ρ = –.442, p = .010), and Total SSQ (ρ = –

discomfort indicators enables a more comprehensive understanding of users’ subjective experiences 





–

–

effects of vestibular feedback, reporting scores below the “Slight” threshold and improvements in 

reported subscale scores within the “Slight” range and 

a total score in the “Moderate” classification. 

falling in the “Slight” category. In comparison, Study 2 results presented here indicate that both 

immersive configurations produced SSQ scores consistently below “Slight” lev



–

–

Size (η²)

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–



–

–

–



Significant differences were observed in HR change scores from test to baseline (H = 8.63, p = .013, η² 



–

–

differed significantly between groups (H = 8.24, p = .016, η² = 0.12). Post hoc comparisons showed 

.005, η² = 0.16). Post hoc comparisons 





–

–

–



–

–

(η²)

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–



–

–

–



Spearman’s rank



–

–

demand (ρ=.609,p<.001) and weighted performance score (ρ=.610,p<.001). Similarly, mean angular 

velocity Yaw showed a weak positive correlation with performance demand (ρ=.356,p<.007) but a 

moderate positive correlation with weighted performance score (ρ=.4

raw TLX score (ρ=–





–

–





–

–

Multimodal Assessment Strengthens User’s Quality of Experience Evaluations

•

•

•

•





–

–

participants’ prior experience with virtual reality

“How can a virtual wheelchair simulator be designed and tested in a controlled 

signals, subjective feedback, and Quality of Experience (QoE) evaluation?”



Summary 



–

Field-based Study: Powered Wheelchair Simulator 

Pilot Feasibility Study 



“How can the proof

perspectives of wheelchair users, and support standardised implementation?”

•

•

•



–

•

•



and participants’ willingness to recommend the simulator for training or assessment.

•

•

•



–

–



Wheelchair Simulator System. (A) Diagram of the simulator’s core 

d Cork, Ireland. These IWA’s centres provide 

coordinated with participants’ weekly schedules and held in quiet, private rooms 



–

•

•

•

•

•

•

•

•

•



or in the participant’s wheelchair



–

feedback on the simulator’s usability, realism, and perceived challenges or improvements. All 



1.5 × 1.5 m virtual table 

Cross a narrow (0.9 m) doorway 

and drive straight for 1 m.

Drive forward 2 m, turn 90° right, 

and continue 1 m.

Drive straight forward for 4.5 m in 

forward (15 ft) in an open area

for 3 m 

backward (10 ft) in an open area

–

–

Drive 4.5 m in a narrow 1 m

–



–



included to evaluate participants’ perceptions of task realism, ease of use, skill development, and 



–

–





–

based study are presented in alignment with the study’s guiding objectives 

Overall, the outcomes presented in this chapter reflect the multidimensional nature of the study’s 



To examine the simulator’s sensitivity, performance metrics (e.g., task duration, collision count) were 



–



–

–

–



–



–



–

–

–

–

–

–

–

–

–



– –

–

–

Participants’ responses across the usability

–

–

–



–





–



– , and all effect sizes were small (r ≤ 0.



–

–

–

–

–

–

–

–

–

–

–

–

–

–

–





–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–



– –

–

–

–

–

–

–



–

–

– –
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