


In-person Transfer Training and Home Environment 
Modification Intervention for Wheelchair Users with 

Multiple Sclerosis (MS): A Pilot Feasibility Study 

Dr. Shafiqul Islam, Dr. Harshal Mahajan

University of Illinois Urbana-Champaign



Disclosure – Dr. Harshal Mahajan

• I/We have no actual or potential conflict of interest in relation to 
this program/presentation.

This research is funded by the National Institute of Disability Independent Living 
and Rehabilitation Research (NIDILRR 90DPHF0010)



Background of the Study

• Fear of falling (FoF): it shapes technique, 
activity choices, and perceived safety 
during daily transfers.

• Common among community-dwelling 
wheelchair users with Multiple Sclerosis.

• Bathroom transfers concentrate the 
highest task demand: tight spaces, wet 
surfaces, thresholds, and awkward 
handholds.

• Guarded or inefficient transfers can 
increase physical burden, near-fall 
exposure, and activity curtailment.

Focus on both personal and environmental factors



Intervention Factors

Environmental 
Modification 

(EM)

Lower environmental 
demand

Transfer Training 
and Exercise

(TX)

Raise personal 
capacity

Why combine them?

A strong transfer strategy may still feel unsafe 
when the bathroom setup is poorly aligned.

A safer environment may still be underused if 
balance, sequencing, and confidence are 
limiting.

The crossover design lets each participant 
receive both components in the home.

Goal: safer, more confident toileting and bathing transfers



Intervention 1: Transfer Training & Exercise (TX)

TX

Therapist-guided evaluation of habitual 
transfers

Feedback and practice on safer movement 
strategies

Instructions on controlled fall and recovery 
techniques

Prescription of upper-extremity strengthening 
and seated-balance exercises

Home program: 
5 days/week



Intervention 2: Environmental Modifications (EM)

Systematic in-home hazard assessment

Identification of risk mechanisms

Prioritization and installation of off-the-shelf 
assistive devices

Micro-modifications within a defined budget

EM

Use installed 
support: 5 
days/week



Pilot Feasibility Protocol

t0 t1 t2

Baseline Post Phase 1 Post Phase 2

Sequence A TX (12 weeks) EM (12 weeks)

Sequence B EM (12 weeks) TX (12 weeks)

Up to four home visits
Phone check-ins every two 

weeks
Adherence logs + fall/near-

fall surveillance

Phase 1 Phase 2



Measurements

Person-level capacity

FIST

Function in Sitting Test

Item-level seated balance 
challenges

Nudges, reach, and scooting 
tasks

Used as a capacity anchor

Environmental burden

Hazard worksheet

Structured in-home scoring

Problem zones and item-level 
hazards

Severity recorded on a 0-4 
scale

Summed burden reflects more 
/ worse hazards

Task-specific experience

FoF + checklist

What transfers feel like

Transfer-experience checklist

Repeated FoF ratings for 
toileting and bathing

Outcome focus stayed close to 
daily life

Capacity + context + task-specific confidence were captured together



Case Study 1: FoF changed by task, not uniformly

Baseline (t0) After Phase-1 (t1) After Phase-2 (t2)

Getting on/off toilet Somewhat concerned Somewhat concerned Somewhat concerned

Entering bath / shower Somewhat concerned Fairly concerned Somewhat concerned

Exiting bath / shower Fairly concerned Fairly concerned Fairly concerned

Takeaway

The temporary increase in concern for entering the bath / shower, followed 
by return to baseline after Phase-2, refers to a sensitivity to the sequence: 
technique gains may need environmental affordances to translate into 
confidence.

Male participant
190.5 cm • 104 kg

Substantial pre-
intervention 

environmental demand 

Interpreted as 
sequence-sensitive

P1



Case Study 2: Higher initial concern + moderate seated capacity

P2 completed EM intervention only

t0 t1

Toileting Very concerned Very concerned

Bathing Very concerned Very concerned

Female participant
172.7 cm • 70 kg

Baseline FIST 34 / 56

Functional but improvable seated balance

Home profile documented 
multiple hazards by zone.

Both environmental demand 
and person-level strategy 
constraints.

P2

Takeaway
No change after Phase-1. Durable improvement in this participant 
will likely require both intervention phases.



Discussion: Feasibility of the Protocol

Overall Protocol

• Targeted both the 
removal of hazards and 
the coaching of efficient 
transfer mechanics

• Repeated concern ratings, 
hazard scoring, and 
seated-balance testing 
were all captured.

TX

• Reshaped the person’s 
strategies, strength, and 
balance

• Increased personal 
capacity

• Less effort and higher 
control

EM

• Reshaped the task 
demands

• Improved affordances and 
reduced environmental 
demand

• Off-the-shelf devices and 
micro-modifications were 
practical to prescribe and 
install

Across cases, the protocol was feasible (in-home delivery, device 
installation, repeated measures captured) and mechanistically coherent.



Conclusion

A two-phase, home-delivered program focusing on both 
personal and environmental factors is conceptually well-
suited to reduce fear of falling during everyday transfers 

among wheelchair users with Multiple Sclerosis

The next phase of this work can quantify order effects 
more robustly and test whether initial emphasis on EM 
versus TX leads to different early trajectories for specific 

high-demand tasks



Thank you!

Any Questions?
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Do Lab-Observed Gait Characteristics in 
Blindness and Low Vision Persist Outdoors? A 
Pilot Study
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Vision Loss: A Global Challenge

~43M
people who are blind

(Bourne et al., 2021)

Persons with Blindness and Low Vision (pBLV) face 
significant mobility challenges: (Manduchi & Kurniawan, 

2011; Miyata et al., 2021; Swenor et al., 2015)

Balance Navigation Fall Risk
~300M

with moderate-to-severe
visual impairment

(Bourne et al., 2021)

• Consequences of limited mobility: (Huurre & Aro, 1998; McKean-Cowdin et al., 2007; McLean et al., 2014; Mojon-Azzi 

et al., 2010) 

Mental and Social Wellness Employment Quality of Life
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“Cautious” Gait Pattern

• Literature documents a "cautious" gait pattern in pBLV  as compared to controls 
(Gazzellini et al., 2016; Hallemans et al., 2010; Nakamura, 1997)

Walking

Speed

Slower

Step

Length

Shorter

Step

Width

Wider

Double-Support

Time

Longer
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The Ecological Validity Gap

• Behavior in controlled lab settings is different from natural behavior in uncontrolled 
environment (Lappi, 2015; Schmuckler, 2001)

• Ecological Validity: the extent to which research replicates real-life settings and behaviors 
(Bronfenbrenner, 1977)

• Almost all gait investigations in pBLV are from controlled labs. 

Controlled Lab Real-World Outdoors

?

Do these laboratory-documented gait differences between pBLV and controls 
persist outdoors?
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Study Design

Single-session  |  Counterbalanced order  | mobility aids permitted

I N D O O R

• Empty hallway
• 6 trials
• Wall available for shorelining
• Self-selected pace

O U T D O O R

• NYC Sidewalk
• 6 trials
• Wall available for shorelining
• Self-selected pace

Task: Walking back and forth on an 8m walkway
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Participants and Instrumentation

7
pBLV

5 blind, 2 low vision

3
Sighted Controls

Age- and sex-matched

Wearable Motion Capture (Xsens MVN 

Awinda)

7 lower-body IMU sensors

4 Outcome Variables:

1. Walking Speed

2. Step Length

3. Step Width

4. Double Support Percentage

Statistics:

• Pilot study, estimation over hypothesis testing 
• Descriptive + visual reporting
• Hedges’ g effect sizes (Hedges, 1981)
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Results: Walking Speed

Walking Speed: the rate of forward progression of 
the body, calculated as distance travelled per unit 
time

Walking speed slower in pBLV than controls in both 
settings.

pBLV group

Control group
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Results: Step Length

Step Length: the anteroposterior distance between 
successive foot contacts of opposite feet (e.g., left 
initial contact to right initial contact)

Step Length lower in pBLV than controls in both 
settings

pBLV group

Control group
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Results: Step Width

Step width: the mediolateral distance between 
the left and right foot at consecutive foot contacts.

Step Width was higher in pBLV than controls 
during indoor walking 
Similar between groups in outdoor walking

pBLV group

Control group
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Results: Double Support Percentage

Double Support %: the proportion of the gait cycle 
during which both feet are simultaneously in 
contact with the ground.

Double Support % was higher in pBLV than controls 
in both settings 

pBLV group

Control group
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Results: Effect Sizes (Hedge’s g)

Hedges' g (Target - Control)

Parameter
Mean 
pBLV

Mean 
Control

Indoor g
Mean 
pBLV

Mean 
Control

Outdoor g Pattern

Step Length (m) 0.50 0.64 -1.3 0.47 0.63 -1.3 Persists equally

Walking Speed (m/s2) 0.91 1.21 -1.0 0.81 1.16 -1.6
Accentuated 

outdoors

Double Support % (%) 22.53 13.67 +1.0 23.68 14.35 +1.1
Accentuated 

outdoors

Step Width (m) 0.1 0.06 +0.8 0.08 0.08 -0.1
Disappears 
outdoors
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Key Takeaways

1
Cautious gait persists outdoors

Shorter steps, slower speed, longer double-support hold across both environments

2
Some features are accentuated

Walking speed and double-support differences widen in real-world conditions

3
Step width is context-dependent

Between-group difference present indoors but disappears outdoors

Pilot study with small, imbalanced sample (N=7 vs. N=3). Findings are preliminary
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Conclusion and Next Step

Laboratory-documented cautious gait in pBLV persists during real-world outdoor 
walking. Some differences between pBLV and controls are accentuated outdoors, 
highlighting the importance and feasibility of studying gait in ecologically valid 
environments.

• Full-scale Study: In the process of collecting more data

• Multimodal Dataset: Biomechanics + physiological task load + qualitative interview

• Expanded Tasks: Obstacle Negotiation and multitasking conditions added 



30

Acknowledgements

• Graduate Students
• Yunchi Zhao
• Neel Savani 
• Mariam Maqsood

• All the participants who patiently completed data collection 



31

References (1)

1. Bourne, R., Steinmetz, J. D., Flaxman, S., Briant, P. S., Taylor, H. R., Resnikoff, S., ... & Tareque, M. I. (2021). Trends in prevalence 
of blindness and distance and near vision impairment over 30 years: an analysis for the Global Burden of Disease Study. The 
Lancet global health, 9(2), e130-e143.

2. Manduchi, R., & Kurniawan, S. (2011). Mobility-related accidents experienced by people with visual impairment. AER Journal: 
Research and Practice in Visual Impairment and Blindness, 4(2), 44-54.

3. Swenor, B. K., Simonsick, E. M., Ferrucci, L., Newman, A. B., Rubin, S., Wilson, V., & Health, Aging and Body Composition Study. 
(2015). Visual impairment and incident mobility limitations: the health, aging and body composition study. Journal of the 
American Geriatrics Society, 63(1), 46-54.

4. Miyata, K., Yoshikawa, T., Harano, A., Ueda, T., & Ogata, N. (2021). Effects of visual impairment on mobility functions in elderly: 
Results of Fujiwara-kyo Eye Study. Plos one, 16(1), e0244997.

5. Kolli A, Seiler K, Kamdar N, De Lott LB, Peterson MD, Meade MA, Ehrlich JR. Longitudinal Associations Between Vision 
Impairment and the Incidence of Neuropsychiatric, Musculoskeletal, and Cardiometabolic Chronic Diseases. Am J Ophthalmol. 
2022;235:163-71. Epub 2021/09/21. doi: 10.1016/j.ajo.2021.09.004. PubMed PMID: 34543661; PMCID: PMC8863581.

6. McLean, G., Guthrie, B., Mercer, S. W., & Smith, D. J. (2014). Visual impairment is associated with physical and mental 
comorbidities in older adults: a cross-sectional study. BMC medicine, 12(1), 1-8.

7. Mojon-Azzi, S. M., Sousa-Poza, A., & Mojon, D. S. (2010). Impact of low vision on employment. Ophthalmologica, 224(6), 381-
388.

8. Huurre, T. M., & Aro, H. M. (1998). Psychosocial development among adolescents with visual impairment. European child & 
adolescent psychiatry, 7, 73-78.



32

References (2)

9. McKean-Cowdin, R., Varma, R., Wu, J., Hays, R. D., Azen, S. P., & Los Angeles Latino Eye Study Group. (2007). Severity of visual 
field loss and health-related quality of life. American journal of ophthalmology, 143(6), 1013-1023.

10. Gazzellini, S., Lispi, M. L., Castelli, E., Trombetti, A., Carniel, S., Vasco, G., ... & Petrarca, M. (2016). The impact of vision on the 
dynamic characteristics of the gait: strategies in children with blindness. Experimental brain research, 234, 2619-2627.

11. Hallemans, A., Ortibus, E., Meire, F., & Aerts, P. (2010). Low vision affects dynamic stability of gait. Gait & posture, 32(4), 547-
551.

12. Nakamura, T. (1997). Quantitative analysis of gait in the visually impaired. Disability and Rehabilitation, 19(5), 194-197.
13. Bronfenbrenner, U. (1977). Toward an experimental ecology of human development. American psychologist, 32(7), 513.
14. Lappi, O. (2015). Eye tracking in the wild: the good, the bad and the ugly. Journal of Eye Movement Research, 8(5).
15. Schmuckler, M. A. (2001). What is ecological validity? A dimensional analysis. Infancy, 2(4), 419-436.
16. Hedges, L. V. (1981). Distribution theory for Glass's estimator of effect size and related estimators. journal of Educational 

Statistics, 6(2), 107-128.



33

Thank You

Gaurav Seth | seth.gaurav@nyu.edu 



ACCESS for Aging Well:
An online AT resource to help people age in place

Karen Milchus, Nathan W. Moon, 
Sal Kibler, Maria Kelley, Sarah Endicott, and Salimah Laforce



Speaker Disclosure

• Nathan W. Moon, Sal Kibler, and Karen Milchus are employees of the 
Georgia Institute of Technology.

o Dr. Moon holds an appointment as Principal Research Scientist with the Center 
for Advanced Communications Policy (CACP).

o Ms. Milchus holds an appointment at Senior Research Scientist with the Center 
for Inclusive Design and Innovation (CIDI).

o Ms. Kibler is affiliated with Georgia Tools for Life, the Assistive Technology (AT) 
Act Program for the State of Georgia.

• Maria Kelley is an employee of the University of Washington.

o Ms. Kelly is affiliated with the Washington Assistive Technology Act Program 
(WATAP) for the State of Washington.



Sponsor Acknowledgement

ACCESS for Aging Well was developed under grant 90DPCP0006 from the 

National Institute on Disability, Independent Living and Rehabilitation 

Research (NIDILRR).  NIDILRR is a division under the Administration for 

Community Living, U.S. Department of Health and Human Services. The 

contents of this presentation do not necessarily represent the policy of 

NIDILRR, ACL, or HHS, and you should not assume endorsement by the 

federal government.



The Challenge of Aging in Place

• 88% of adults aged 50+ want to remain in 
their current homes (Source: AARP)

• 30.2% of people age 80+ report they have 
difficulty performing activities such as 
bathing and dressing (Source: US Census Bureau)

• 79% of older adults report need aid with 
Instrumental Activities of Daily Living (e.g., 
preparing meals, managing money) (Source: 
Harrington, Mitzner, & Rogers, 2015)



Lack of AT Guidance for Aging in Place

Most assessment tools fall into two categories:

1. Environmental assessments identify problems with 
the physical environment

• Ex. Home Safety Self-Assessment Tool (HSSAT)

2. Activity performance assessments identify 
difficulties with ADLs and/or IADLs

• Ex. Determination of Needs Functional 
Assessment Instrument – Revised (DON-R)



The Problem & Solution
• Older adults, caregivers, and 

professionals need advice about 
practical solutions (e.g., AT) that 
support independence

• Existing resources on AT do not 
provide personalized 
recommendations

ACCESS for Aging Well
A free, easy-to-use online 
tool that provides 
recommendations for AT and 
other solutions to help older 
adults perform activities of 
daily living



Initial Development Plan: Predictive Analytics System

What are predictive analytics?

• Statistical analysis techniques and automated machine 
learning algorithms applied to data sets to create models to predict 
relationships between variables

• Our data set contains person-centered data on function, activities, and 
environment.  Predictive analytics machine learning models prioritize 
accommodation solutions based on the effectiveness of previous 
interventions for similar clients. 



Predictive Analytics System: The Data Set
• Uses an existing client data set from the Washington Aging and 

Long-Term Support Administration (ALTSA)

▪ Based on ALTSA’s Comprehensive Assessment Reporting 
Evaluation (CARE), which is used to document a client’s 
functional ability, determine eligibility for long-term care 
services, evaluate what and how much assistance a client 
will get, and develop a plan of care

▪ Includes data from 99,774 participants aged 60 to 105



Clinician-Based Recommendations

• The Washington database had limitations (limited solutions; missing 
suggestions for some common scenarios) 

• We addressed limitations of data set by supplementing the 
suggestions with an expert-generated rule set

• Drawing on focus groups, the team workshopped tasks related to 
each ADL and then appropriate accommodations for various 
functional limitations

• Developed by occupational therapists, speech-language pathologists, 
gerontologists, rehabilitation engineers, and digital specialists



ACCESS for Aging Well Operation

Assessment Questions

• Functional limitations

• Activity

• Identify specific 
problem

Predictive 
Analytics

Clinician-
Generated 

Rule Set

Accommodation Solutions

▪ May include AT (low & high tech), 
home modifications, strategies, and 
universal features

▪ Lists all possible matches

▪ Lists product types / features, not 
specific products

▪ External links (e.g., AT Network) for 
more info. about specific products



What Makes ACCESS for Aging Well Unique?

• It makes personalized recommendations and links to resources to 
help with solution implementation

• It is solutions-focused and goal-oriented

• It is a credible resource, based on client data and expert 
recommendations

• It is designed for use by older adults, either on their own or with 
their care partners, family members, or aging/AT professionals

• It gives warnings when an expert needs to be involved. 



System “Demo”



Recommendation Examples



What Activities of Daily Living are Included?

• Current: 

• ADLs: Bathing, Dressing, Eating, Grooming, 
Using the Toilet 

• IADLs: Medication Management

• Coming soon: 

• Moving Around In/Outside of Room or Home, 
Bed Mobility, Transfers 

• Communication (written & spoken), Phone Use



Evaluation

• Evaluating tool accessibility

• Evaluating tool with users for ease of use, appropriateness of 
recommendations



Try out ACCESS for Aging Well Yourself

https://aging-well.cidi.gatech.edu

https://aging-well.cidi.gatech.edu/
https://aging-well.cidi.gatech.edu/
https://aging-well.cidi.gatech.edu/


Questions?
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What is myAccessTools?

Mobile accessibility-assessment tool for public restaurants. 

Supports structured collection and reporting of accessibility information. 

Guides evaluators, including novice raters, through an assessment taxonomy. 

Users may capture photos, videos, and measurements during an evaluation.

Supports structured accessibility documentation and scoring.



Problem and purpose

myAccessTools uses photos and short videos for public-place accessibility assessment. 

Captured media may include bystanders’ faces. 

This creates privacy risk and user hesitance. 

This paper describes and evaluates VideoSafe.



What VideoSafe does

On-device automatic face blurring.

If faces are detected, the retained copy is blurred before app-controlled saving.

 

If no faces are detected, the retained copy is saved unchanged.

 

This statement applies to app-retained storage, not OS-level temporary buffers.



Design goals

Default privacy protection for incidental bystanders.

No server-side processing requirement.

 

Minimal disruption to the existing media workflow.



Workflow of VideoSafe

On-device face detection.

Slight expansion of each detected face region for coverage.

 

Region-specific blurring.

 

Processed media written to the app’s Documents directory.

 

Core Data references the retained output for later synchronization.



Example Operation

Figure 1. myAccessTools iOS media-capture screen with blurred face.



Feasibility and Storage Check

Captured or selected images and videos in the iOS app. 

Confirmed: 

 processing time 

 whether faces were blurred in retained media 

 whether local media records referenced retained output paths 

 whether records were marked as not yet sent (sent=false)

Devices and sample: 

 N = 35 images 

 M = 12 short videos 

 video duration = 5–15 seconds 

 iPhone 13 Pro, iPhone 15 Pro Max, iPhone 16 Pro Max



Results
Item Result

Images with faces present Retained image files were blurred

Images with no faces Saved unchanged

Processing time for images ~0.2 seconds per image

Processing time for videos ~10 seconds to process 10 seconds of 

video

Local media records Referenced retained output paths; 

sent=false

Main outcome Privacy-by-default while preserving 

accessibility documentation evidence



Discussion

Privacy protection moves from procedure to default technical control.

 

Can reduce user burden.

 

Can increase confidence in busy public spaces.

 

Lightweight implementation using Core Image and AVFoundation.

 

Accessibility-relevant context was preserved.



Limitations

Did not quantify face-detection accuracy.

 

Did not quantify privacy outcomes such as human identifiability judgments.

 

Did not instrument network traffic. 

Battery, thermal impact, and storage growth were not formally quantified.

 

Other identifiers, such as name badges, were not addressed.



Implications and conclusion

App-retained media can be privacy-reduced by default.

Practitioners still need judgment for other identifiers.

 

Good basis for future usability testing, performance tuning, and expanded 

redaction.

 

VideoSafe reduces visible facial detail of incidental bystanders while preserving 

evidence needed for accessibility documentation.



Questions
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