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Abstract: Background: Visual impairment is a global problem and, regardless of the cause, it
substantially impacts people’s daily lives. Navigating towns and cities can be one of the most difficult
tasks for someone with a visual impairment. This is because our streetscapes are often inaccessible
for navigating safely and independently by people with a visual impairment. Barriers include street
clutter, bollards, pavement parking, and shared spaces. Methodology: Participants with varying
levels of diabetic retinopathy (DR) and retinitis pigmentosa (RP) were recruited. Each participant
completed a clinical visit and a 1-mile walk. Participants discussed confidence, anxiety, difficulty,
and any barriers encountered while completing the walkaround. Participants completed quality
of life (RetDQol), diabetes distress scales, and a study questionnaire. They also underwent retinal
imaging and visual function testing. Retinal imaging and visual function results were compared
with confidence, difficulty, and anxiety levels during the walkaround using Spearman’s correlation.
Results: Thirty-three participants took part in the study, 22 with diabetes and 11 with RP. Results
showed that average confidence was correlated with visual acuity, RetDQol, mean visual fields,
and vertical peripheral diameter visual fields. Average difficulty was associated with visual acuity,
RetDQol, dark adaptation, mean visual fields, percentage of the retina, and both horizontal and
vertical diameter visual fields. In addition, some of the barriers discussed were pavement issues,
bollards, parked cars, uneven pavements, alfresco dining, light levels, and street features such as
tree roots, poles, A-boards, and street clutter. Conclusions: People with RP and treated DR faced
common barriers while navigating the walkaround. The removal of these common barriers would
make our streetscapes more accessible for all and will allow for more independence in those with
visual impairments.

Keywords: visual impairment; retinitis pigmentosa; diabetic retinopathy; built environment;
quality of life; sight loss

1. Introduction

There are an estimated 2.2 billion people with visual impairments worldwide [1].
While the causes of visual impairment may differ, people often experience similar issues
with loneliness, socio-economic issues, and completing daily tasks. Vision loss is known to
have one of the biggest impacts on the quality of life [2], causing global concern [3,4]. It is
one of the four contributing factors for the loss of independence and can lead to mental
health issues (such as depression), a reduction in the quality of life, social deprivation, and
social isolation [2,4-11].
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It is well documented that people with diabetic retinopathy (DR) and retinitis pig-
mentosa (RP) have difficulty completing daily life tasks, including getting around the built
environment [8-11]. One of the tasks people fear most is going out into towns and cities
to travel to work, social events, or even to get groceries. For the best possible quality
of life, it is important that people feel comfortable in their own homes and can navigate
towns, cities, and streetscapes comfortably [12]. Our current urban streetscapes are often
described as ‘not fit for purpose’ or "hostile” for people with conditions and circumstances
affecting their mobility [13,14]. Previous studies show that people with a visual impair-
ment are uncomfortable with moving around current urban streetscapes [15,16] as the
built environment is designed by sighted individuals without appropriate consideration to
barriers for people with visual loss [17]. These barriers create a more difficult streetscape
and cause non-engagement by people with a visual impairment due to both real and
imagined barriers [16].

Some of the most frequently reported barriers in streetscapes are noise [17], street
clutter, bollards, pavement parking, shared spaces [18-20], stairs, traffic junctions, slippery
walkaways, and hanging obstacles [21]. Inappropriate public transport and lighting [22]
cause further isolation especially in the hours of darkness. Although several studies have
investigated the effects of visual impairment socially, economically, and emotionally, there
is still a scarcity of literature on the impact of the built environment on people with a visual
impairment. Very few current studies physically take visually impaired users into the
environment and assess how they walk around and cope [23,24]. Havik et al. conducted a
study that assessed visually impaired people (14 of which were blind) navigating shared
space areas in Groningen, the Netherlands. Campisi et al. gathered information through
questionnaires and walking areas within the city of Enna, Southern Italy. The participants
were all registered as sight or severely sight impaired. Despite this, no study so far has
correlated the navigation of the built environment with retinal imaging, visual function,
quality of life, and other chronic illness distresses [23].

The research question for the study is, therefore, ‘Does vision loss and function
due to diabetes and retinitis pigmentosa affect independent mobility and navigation in
urban environments?’

2. Materials and Methods

This study was undertaken in Belfast, Northern Ireland, UK by Queen’s University
Belfast (QUB) and was conducted in accordance with the principles outlined in the Decla-
ration of Helsinki. Participants took part in the study between May 2021 and May 2022.
Research ethics permission was granted by Queen’s University Belfast (MHLS_20_67) and
WalesREC5 (20/WA /0350).

People with diabetes mellitus (DM) and retinitis pigmentosa (RP) were recruited into
the study (Figure 1). The rationale for including people with RP as a comparator group was
that their peripheral vision loss is well characterised and correlated to barriers in the built
environment [25-27]. The pattern of their peripheral visual loss/pathology is similar to
laser treated DR (TDR). Figure 2 shows the heatmaps of pathology graded on Optos retinal
images from people with TDR and RP to show the similarity of peripheral pathology. It
was therefore postulated that there may be similar issues in people with RP and TDR in
navigating the built environment.
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Figure 1. NaviSight Study arms. (TDR = treated diabetic retinopathy, NTDR = non-treated diabetic
retinopathy, RP = retinitis pigmentosa).
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Figure 2. Heatmaps of pathology graded on Optos retinal images from people with TDR and RP.

2.1. Inclusion Criteria

e Participants with a diagnosis of diabetes (with or without retinopathy) or retinitis
pigmentosa (RP).
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Age 18 and over.

No other known eye conditions (other than cataract).

Able to move around the pre-defined study route in Belfast with or without the use of
mobility aids (participant’s choice).

2.2. Exclusion Criteria

Any other eye disease apart from RP and diabetes related eye disease.

Any condition that precluded a clear view of the retina.

Lack of mental capacity to give consent.

Unable to speak English sufficiently to understand the study and complete appointments.
Anyone who cannot walk the pre-defined study route in Belfast.

Participant visits consisted of questionnaires, retinal imaging, and visual function
testing at the Northern Ireland Clinical Research Facility (NICRF) and a walkaround of a
pre-defined 1-mile area.

2.3. NICRF Methodology—Visual Function, Retinal Imaging and Questionnaires

Questionnaires—All participants completed the NaviSight Study Questionnaire
(Supplementary File S1), which collected demographic information, medical history, and
questions regarding experiences moving around towns and cities. Medical history ques-
tions were related to common diabetes complications. In addition, a section on sight loss
and navigating the built environment was included using the previous literature and a
pilot study (Supplementary Table S1) [28]. Additional information on the NaviSight Ques-
tionnaire can be found in Supplementary Table S1. Participants completed the Retinopathy
Dependent Quality of Life (RetDQOL) (Health Psychology Research). This questionnaire
was completed by all participants as there was a scarcity of comparable RP-related quality
of life questionnaires. The term ‘diabetic eye disease’” was replaced with ‘eye disease’.
Participants with diabetes also completed the Diabetes Distress Questionnaire (DDS17) to
assess any diabetes distress.

2.4. Visual Function Measurements

Habitual visual acuity was measured in the right eye, left eye, and bilaterally using
the ETDRS chart, and all measurements were recorded in LogMAR. Habitual contrast
sensitivity was collected in the right eye, left eye, and bilaterally using their own glasses.
Contrast sensitivity was assessed using the app PeekCS (London, UK) on a Sony Xperia Z
Compact smartphone (Tokyo, Japan) and was shown to be comparable to the Pelli-Robson
Contrast Sensitivity Test [29]. All measurements were recorded in log contrast. These
measurements were collected habitually because this is how participants would normally
see while navigating. Contrast sensitivity was measured because different eye conditions
can cause contrast loss, which can cause issues when navigating the built environment [27].
This can be a particular problem with the colours of pavements, stairs, and roads.

Visual fields were assessed using the Metrovision ‘Mix-30" protocol (Metrovision,
Pérenchies, France), which assesses both the peripheral visual field with kinetic perime-
try and the central field with FAST (Fiber Adapted Static Testing Perimetry) perimetry
(94 points). Assessment was completed in the right eye and left eye. Visual field was
recorded using mean deficit in decimals. Visual fields were tested due to previous research
into the barriers to people with RP [25,26] in navigating the built environment and the
likelihood that visual field impacts navigation. The mean deficit visual field was used for
analysis. Vertical and horizontal visual field degrees was used for analysis—according to
each visual field map.

The dark adaptation assessment was completed on the AdaptDX (Maculogix,
Harrisburg, PA, USA). The right and left eyes were tested separately, and participants
were not dark adapted before to show how participants would function going from light
to dark (often as they would in towns and cities from day- to night-time). Dark adapta-
tion measurements were recorded with rod-cone intercept times. Dark adaptation was
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measured due to known issues with night vision and adaptation in people with retinitis
pigmentosa and potentially diabetic retinopathy.

Widefield imaging was completed using the Optos California P200DTx (Optos plc,
Dunfermline, Scotland). OCT and OCTA were captured with Heidelberg Spectralis Imaging
(Heidelberg Engineering, Heidelberg, Germany).

2.5. Walkaround Methodology

To assess any issues, problems, or barriers faced by participants in the built envi-
ronment, participants walked a pre-planned route around an area of Belfast (Figure 3).
This route was chosen due to its access to public transport, proximity to the City Hospital
(where the research facility is located), and the presence of many types of streetscapes. We
used a walking interview method, which allowed better understanding of participants’
lived experiences and perceptions [30] and empowered participants [31-33]. Participants
were accompanied by two researchers and were encouraged to talk about any issues or
barriers they encountered. No specific prompts or questions were asked for free flow of
conversation, and notes on the discussion were taken. Participants were also asked to
assess the level of difficulty, confidence, and anxiety they felt at each point (assessing the
section in between two points) along the route on a Likert scale. Each participant received
the following explanation regarding the definition of difficulty, confidence, and anxiety:

p‘j Queeﬁ"sl"'
i UJniver'_sitgcs
‘B’élfast_‘f&’. el §

100 m

Figure 3. Participant walkaround route, Queen’s Quarter Belfast (Source: Google Earth). Points
where measurements were taken are in yellow, and the route is marked in red.
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e Difficulty was deemed when barriers or issues were faced during the walk (1 = not
difficult and 5 = very difficult).

e  Confidence related to how confident and comfortable they felt in walking that section,
especially independently (1 = low confidence and 5 = high confidence).

e Anxiety was explained as anything in that section that made them nervous, anxious,
or fearful (1 = no anxiety and 5 = high anxiety).

2.6. Streetscape Variability:

e Botanic Avenue (Point 1-Point 4)—a very busy street with students, student life,
cafés, outdoor dining, traffic, and an abundance of street furniture including
advertisement boards.

e  QUB McClay Library to Botanic Gardens (between points 4-5)—shared space area
where cars, bikes, scooters, and pedestrians move around.

e Botanic Gardens (points 5-6)—open green space with varying light levels and tree
shade; busy pedestrian spot with bikes and scooters.

e  University Road (points 6-7)—wide pavement area with little street furniture except
bollards; also a cobblestoned area. A contrast to Botanic Avenue.

e  University Road (between points 7-8)—busier streetscape, narrow footpaths, trees on
pavements, traffic is busy and loud, one-way streets, and pedestrian crossings.

Each section was chosen to allow information to be captured on each type of streetscape
as mentioned above.

Light and noise measurements were taken at each point because they have been
shown to affect people with visual impairments while navigating [34]. Light and noise
measurements were taken on an iPhone 7 using apps called Luxmeter (light), designed by
Velux ©, Praha, Czechia and Decibel X, designed by SkyPaw®© in Hanoi, Vietnam.

2.7. Statistical Analysis

Qualitative analysis was conducted using Braun and Clarke’s thematic analysis
methods [35]. As there were no large transcripts, qualitative walkaround data was analysed
by counting the frequency of similar barriers during the walkaround, which was used to
create a word cloud. Any additional comments or longer phrases were used as further
barriers and specific barrier anecdotes.

Comparative analysis: Data were grouped into people with RP (n = 11), people
with treated DR (TDR) (n = 9), and people with non-treated DR (NTDR) (1 = 13). The
Stata Statistical Package Version 17 was used to find any significant correlations between
walkaround variables and clinical/grading variables. Statistical analysis was conducted on
visual fields using the mean visual field score from both eyes because it was found that
there was no difference in using the mean visual field or the best visual field score. The
Spearman correlation coefficient was primarily used on all data to explore the association
between variables. When significant variables were identified from Spearman’s correlation,
they were entered into a multivariate linear regression analysis to ascertain which variables
were still significant. Due to the exploratory nature of this study and the small sample, a
Bonferroni adjustment of the p-value was not used.

2.8. Image Grading Methods

Widefield images—Following quality assessment, Optos widefield images were
graded using a grading form and MATLAB Boston (The MathWorks Inc., Natick,
MA, USA) and Manchester Grids. Diabetes images were graded for microaneurysms,
blot haemorrhages, exudates, new vessels, venous loops, venous beading, retinal haem-
orrhage, venous reduplication, pre-retinal or vitreous haemorrhage, cotton wool spots,
fibrosis, laser scars, and IRMA (intraretinal microvascular abnormality). RP images were
graded for white dots, pigment, atrophy, scars, and other pathology. The Manchester
Grid covers the retina with 754 squares that are equivalent to one average optic disc
area size (1.7 mm?). During grading, each square was assessed for the presence (1) or
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absence (0) of the different pathological features outlined above. A square was defined
as ungradable if more than 50% of the square area was impossible to assess. In addition,
image quality, vessel attenuation, cup to disc ratio, and disc pallor were assessed by the
grader. The percentage area of the retina was calculated using the number of squares
affected compared to the total number of 754.

2.9. Optical Coherance Tomography (OCT)

After quality assessment, OCTs were graded for image quality, vitreomacular ad-
hesions (VMA), vitreomacular traction (VMT), epiretinal membrane (ERM), sub and in-
traretinal fluid and presence, and a count of the hyperreflective foci on the foveal scan. In
addition, the outer layers (from the outer nuclear layer to Bruch’s Membrane) and inner
layers (from outer plexiform layer to the internal limiting membrane) were measured at the
fovea, 500 pum, 1000 pm, and 3000 um nasal and temporal using the measurement tools in
Heyex software (https:/ /business-lounge.heidelbergengineering.com/us/en/) as shown
in Figure 4. A choroidal measurement was taken at the fovea.

Figure 4. Layer measurements on OCT.

3. Results
3.1. Demographics and Medical History

Thirty-three people participated in the study with retinal imaging and visual function
tests available for 64 eyes (due to two blind right eyes). Of these, 22 (66.7%) had diabetes
and 11 (33.3%) had RP. A majority of participants were male (69.7%) and 30.3% were female.
The mean age was 49 years (SD 17.6). There was no statistically significant difference in age
of people with RP and DR (p = 0.185). The mean ages of participants with NTDR, TDR, and
RP were 49 years (SD 21), 49 years (SD 11.1), and 45 years, respectively (SD 15). Medians
were 51 (IQR 45.5), 51 (IQR 18), and 41 (IQR 23) years, respectively. Sixteen of those with
diabetes had type 1 (72.7%) and five (22.7%) had type 2 diabetes. One participant was in
diabetes remission. The range of diabetes duration was 2—-67 years, with a mean diabetes
duration of 25 years (S5.D 17.9).

All declared co-morbidities were by people with diabetes except for one person with
RP having foot problems. All those who currently or previously smoked had diabetes
and three participants with diabetes had hearing loss. Medical history information for all
participants can be found in Figure 5.
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Figure 5. Medical history.

3.2. Questionnaire Results
3.2.1. Retinopathy Dependent Quality of Life

Yes

No

Yes

No

Yes

No

Yes

No

No

Yes

No

6 (18.2%)

27 (81.8%)

7 (21.2%)

26 (78.8%)
2 (6.1%)

31(93.9%)

3(9.1%)

30 (90.9%)

4(12.1%)

29 (87.9%)

4(12.1%)

29 (87.9%)

Results from the RetDQol (Figure 6) showed that there was a large range of scores from
those with NTDR and most were around the 0.0 mark (no impact). Despite this, there were
some with worse levels of retinopathy that showed some level of impact on their quality
of life (Figure 7). People with TDR had a larger impact on quality of life with some levels
mirroring people with RP. People with RP, as expected, showed worse levels of quality of
life. Anomalies were participant NAVI005, who had very little vision loss, was young, and
still able to drive, and NAVI013, who was less independent and was living with severe sight
impairment. Analysis showed that quality of life was significantly more reduced in people
with RP (p = 0.000) and TDR (p = 0.021) than those without NTDR.

Retinopathy Dependent Quality of Life Score by Group

0.00

NAVIOOS
-2.00 °
=
:
3 g
g @
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NAVIO13
[
NTDR TDR RP
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Figure 6. RetDQol scores according to group.
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RetDQOL score according to retinopathy level

00 e —
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Retinopathy Severity Level
Figure 7. RetDQol scores in the NTDR group.

3.2.2. Diabetes Distress

The DDS17 showed that two people were in total distress (score of 3 or higher),
both of whom had TDR (Figure 8). Results showed that people with TDR had higher
emotional burden (average of 5.1 for TDR versus 3.88 for NTDR) and regimen distress
(4.68 versus 3.61 average) than those with NTDR. Interpersonal and physician related
distress was low in both groups. Neither NTDR nor TDR had more significant levels of

distress (p = 0.900).

Diabetes Distress Total according to Retinopathy Treatment

400

350

250

Diabetes Distress Scale Total
Suruasiopy

1.00

NTOR TDR
Group

Figure 8. Diabetes distress in people with NTDR and TDR.

3.2.3. NaviSight Study Questionnaire

Results (Table 1) show over half (63.6%) of people with RP stated they felt walk-
ing around towns and cities was difficult while only one person in the TDR group did.
Despite this, over 72% of people with RP felt street clutter and parked cars were issues
on streetscapes. In addition, while only one person in the TDR group found towns and
cities difficult to navigate, four people with TDR felt that street clutter and cars parked on
pavements were problematic. Many, 81% of people with RP and 50% of people with TDR,
felt that the shared space was problematic. Lighting levels were also deemed to be an issue
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by 66.7% TDR and 72.7% RP. Over 70% of participants with TDR and RP felt that bright
markings on hazards would help navigation.

Table 1. NaviSight Study Questionnaire results.

NTDR TDR RP
Yes No Yes No Yes No
Do you drive? 11 (84.6%)  2(15.4%) 9 (100%) 0 4 (36.4%) 7 (63.6%)
Do you use walking aids? 0 13 (100%) 0 9 (100%) 4 (36.4%) 7 (63.6%)
Do you use public transport? 11 (84.6%) 2 (15.4%) 8 (88.9%) 1(11.1%) 9 (81.8%) 2 (18.2%)
Do you think walking around towns and o o o o o
cities is difficult? 0 13 (100%) 1 (11.1%) 8 (88.9%) 7 (63.6%) 4 (36.4%)
Do you need assistance in places you know? 0 13 (100%) 0 9 (100%) 1 (9%) 10 (90.9%)
Do you use the same routes? 8 (61.5%) 5 (38.5%) 6 (66.7%) 3(33.3%) 9 (81.8%) 2 (18.2%)

Do you think street clutter creates problems? 1(7.7%) 12 (92.3%)  5(55.6%) 4 (44.4%) 8 (72.7%) 3 (27.3%)

Do you think there are enough
pedestrian crossings?
Do you think cars parked on pavements
create problems?

9(692%)  4(30.8%)  4(44.4%) 5(55.6%) 5(455%) 6 (54.5%)

3(231%) 10(76.9%) 4(44.4%)  5(55.6%) 8(72.7%) 3 (27.3%)

3.2.4. Walkaround Analysis

Prior knowledge of the area—Prior to commencing the walk, participants were asked
if they knew the area or lived in Belfast. Nine participants lived and were local to Belfast
and 24 did not. Three people stated they knew the route well and six stated they had
walked in the area before. All other participants stated they were unfamiliar with the area.

3.2.5. Confidence, Anxiety and Difficulty

Figure 9 shows a graphic depiction of anxiety, confidence, and difficulty levels at different
points along the walkaround. Results show that people with RP had significantly reduced
levels of confidence (p = 0.006) when walking around the route than other groups. In addition,
people with RP felt that the route was significantly more difficult (p = 0.000). Qualitative anal-
ysis showed people with TDR and NTDR did not have problems with confidence apart from
two participants. However, people with RP had much more confidence issues with the lowest
score of 1.5. The difficulty mirrored the results of confidence, with people with RP finding
the walkaround more difficult than those with NTDR and TDR. Only three participants with
NTDR/TDR deemed the route difficult. Anxiety was low in all participants with all falling
below a score of 2/5. Four participants in the NTDR and TDR felt some anxiety; however,
one of these had a hearing problem while the other three participants self-reported anxiety.
When comparing confidence and difficulty, there is a correlation between confidence being
low or very low in areas where participants reported moderately or very difficult sections.
This correlation can be visually seen in Figure 9.

Participants also discussed issues related to light and noise during the walkaround.
Participants in the RP group found very bright days extremely difficulty due to photo-
phobia or light casting shadows on pavements (usually caused by buildings and trees
overhead). In addition, very dark and dull days (especially in heavy rain) were difficult
for people with RP as these created less contrast and darkened the whole environment.
The constant changes in light levels were also reported as difficult for some participants
with RP as their eyes could not adapt quickly. One participant with a hearing difficulty
mentioned that it was difficult to understand the researcher along the walkaround due
to noise. In addition, some participants in both groups felt that high noise areas were
difficult as they could not hear potential hazards such as bikes, skateboards, scooters,
and even passers-by.
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Figure 9. Confidence, difficulty, and anxiety by participants.

3.2.6. Qualitative Analysis of the Walkaround

Some of the most common barriers discussed by participants in the RP and TDR
groups can be seen in Figure 10. Some of the most common werepavement issues, bollards,
parked cars, uneven pavements, alfresco dining, light levels, and street features such as tree
roots, poles, A-boards, and street clutter. In addition, one participant in the RP group fell
over a takeaway carton on the ground, one participant with RP would have walked into an
advertisement board without intervention, one participant with RP said they felt ‘trapped’
in Botanic Gardens due to the non-accessibility of the gates/fence, and one participant
in the TDR group stated they were ‘busy watching the ground for hazards so they miss
what’s in front’. In addition, intervention by the researcher was necessary in two TDR
participants walks as they did not see cars coming due to visual field loss. Participants also
reported that at night, they struggled with new streetlights (due to LED technology) and a
lack of streetlights. Participants in both groups felt that the corner at Shaftesbury Square
was particularly difficult; kerbs with a curved gradient rather than a step, street cafés,
and pedestrian crossings with no sounds/broken ‘green man’ were particularly difficult.
Several participants in both groups also stated that leaves were also particularly slippery at
certain times of the year and caused visual contrast issues.

During the walkaround, some people with diabetes in both the NTDR and TDR
groups, who had previously stated they anticipated no confidence or difficulty issues, then
stated they had issues with visual fields when completing the walkaround. Some quotes
include ‘if you hadn’t been here, that car would have hit me as I can’t see anything to my
far left’ or ‘I would have walked into that bin because my lower visual field is bad’.
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Figure 10. Word cloud of the most common phrases and issues.

3.3. Correlation of Walkaround Results with Clinical Parameters

Spearman’s correlation (Table 2) showed that average anxiety had no correlation with
any clinical parameters. Average confidence was correlated with visual acuity, RetDQol,
mean visual fields, and vertical peripheral diameter visual fields. Average difficulty was
associated with visual acuity, RetDQol, dark adaptation, mean visual fields, percentage
of the retina with pathology, and both horizontal and vertical diameter visual fields. The
results show that people with RP have significantly reduced levels of confidence (p = 0.006)
when walking around the route than other groups. In addition, people with RP felt that the
route was significantly more difficult (p < 0.001).

Table 2. Spearman’s correlation of walkaround and clinical parameters.

Visual Contrast RetDQol Dark Mean % of the Visual Fields Visual Fields

Acuity Sensitivity Adaptation Visual Fields Retina (Diameter Horiz.)  (Diameter Vert.)
Average 04 023 —0.40 0.37 0.5 0.44 —0.39 —0.51
Difficulty  (p =0.000) ‘ (p=0.000)  (p=0.000) (p = 0.000) (p = 0.000) (p = 0.000) (p = 0.000)
Average 0.4 0.37 —0.39 0.44

Confidence  (p=0000)  °3%  (»=0.000) —0.23 (p = 0.000) —034 0.28 (p = 0.000)
’zver.age 0.08 ~0.05 0.05 0.05 ~0.03 0.03 0.09 ~0.05
nxiety

Further multiple regression analyses into Optical Coherence Tomography (OCT) grad-
ing results showed that the absence of well-formed outer retinal layers such as the External
Limiting Membrane (ELM) and Ellipsoid Zone (EZ) did matter. Discontinuous ELM was
significantly associated with lower average confidence (p = 0.011) and increased difficulty
(p =0.019). EZ absence was also significantly associated with reduced confidence (p = 0.010)
and more difficulty (p = 0.001) during the walkaround.

4. Discussion

Interestingly, our study found that only one person with TDR stated that the streets
were difficult to navigate on the questionnaire; however, more responded that specific
pavement issues such as street clutter, parked cars on pavements, and shared spaces were
difficult. In addition, while all people with diabetes stated they had no issues walking
around the built environment, two required researcher intervention to avoid cars and
obstacles due to field loss. The fact that people with TDR often have slow progression
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of the disease itself may account for their better adaptation to vision loss and therefore
less awareness of barriers within the street scape. This may be important to assess the
effects of slow progressive diseases on people living with a visual impairments’ quality of
life and adaptation to visual loss. The previous literature states that people with a visual
impairment find shared spaces difficult to navigate [18-20]. Our results showed that most
people with some level of treatment or disease (81% of those with RP and half with TDR)
reported that the shared space was problematic.

Lighting levels were also deemed to be an issue both from the questionnaire (66.7%
for TDR and 72.7% for RP) and the walkaround. Discussions on the walkaround with
participants with RP often focused on light levels and changes in light levels around the
walk. Participants with RP reported that there were light casting shadows especially in
areas with trees and on bright days. The trees created shaded areas that participants could
not adapt to. They also commented that the contrast was poor between building colours,
pavements, kerbs, and the road, often making it more difficult to navigate. This would
be in keeping with dark adaptation problems, contrast sensitivity, and night vision loss
for people with RP. Bright days and changes in light could also impact someone with
photosensitivity issues. In addition to changes in lighting levels during the day, there was
discussion on lighting levels at night. Participants with both TDR and RP reported that
new street lighting (with LED lights) could be problematic. Discussion with participants
suggested that while LED lights were brighter and more efficient, they create less diffuse
light and therefore there are more dark areas in between streetlights. Noise levels may also
play a role; one participant in the TDR group felt the route was much more difficult due to
the noise rather than any vision loss. Some areas, especially in the latter half of the walk,
had large multi-lane roads and tall buildings, causing more noise.

Participants from both the TDR and RP groups discussed pedestrian crossings and the
lack of sound in many of them. Participants and researchers alike have noticed increasingly
in Northern Ireland that sounds are being ‘turned off’ or removed due to local residents’
complaints about noise. Unfortunately, this often means people with a visual impairment
have a more difficult time crossing the road. One suggestion would be to implement tactile
feedback such as vibrating buttons for pedestrian crossings. In addition, new pedestrian
crossings being put in place now in Northern Ireland are difficult for people with a visual
impairment. This is because the ‘green man’ is no longer shown both beside the pedestrian
and on the light in front but only beside the pedestrian. This can be very problematic
especially at a busy crossing where there are crowds of people crossing and the green man
is not visible.

Many participants felt that bright markings would be helpful in streetscapes. These
yellow lines are used within streetscapes and stairs as a warning for people with sight loss.
Despite this, it is not consistent throughout streetscapes and is often only used in areas
such as train stations and platforms. Other barriers mentioned such as pavement issues,
bollards, parked cars, uneven pavements, alfresco dining, light levels, and street features
such as tree roots, poles, A-boards, and street clutter are mirrored in the literature [18-20].
In addition to the literature, one of the study participants became ‘trapped’ in a large open
park due to a poor path and exit line up. This shows the importance of access to routes in
and out of public spaces. In this case, the exit is a space of one doorway for large crowds
and is not obvious. There are also other hazards around the area, including a sculpture
with trip hazards and a café/coffee cart. While many of the obstacles reflect the literature,
it is interesting that one participant stated that there are so many potential hazards that
they are missing them in areas of their vision when they are looking at and for others.

No other study has looked at confidence, anxiety, and difficulty levels around a
walkaround with different streetscapes. The results from this study showed that there was
commonality between areas that people found more difficult and where they were less
confident. This inverse correlation would be expected as when the area is ‘fraught with
dangers’ or ‘hostile’ [13,14], it will likely reduce the person’s confidence. Confidence levels
were low on Botanic Avenue (points 1-2) due to the busy road, street clutter, crowds of
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students, street cafes, and food delivery bikes/motorbikes on pavements—it is a street that
has a lot of sensory overload. The Botanic Gardens (points 4-5) were also an area with
poor confidence due to the unstructured nature of paths, crowds, skateboards, bikes and
scooters, changes of light levels due to overhanging trees, and issues with the gates without
clearly marked exits. It was expected that points 6-7 would be easier to navigate due to
its wide pavements with little street clutter; however, many found it very difficult due to
bollards and cobblestones. In addition, people with white canes had extra difficulty due
to paving flags causing the cane to ‘stab [them] in the stomach’ constantly. The difficulty
increased from points 7 to 8 where there were small paving flagstones, tree roots, more
bollards, especially random single bollards, and street crossings without lights. Anxiety
was higher around the end of the walk, which is interesting as participants found the
earlier areas more difficult with low confidence. This might be explained by the fact that
‘Shaftesbury Square’ is located at the end of the walk and is a very busy and loud traffic
area, which feels more exposed to traffic and is very dark due to tree cover. This area is
also prone to having “‘unexpected” obstacles such as litter, skips, and work signs. It should
be noted that many participants also stated, ‘if you weren’t here, I would be more anxious’.
This could account for the lower anxiety scores, generally.

On comparison against clinical measures, it was interesting to note that increased
difficulty and reduced confidence were associated with VA, quality of life, and visual field.
As the VA reduces, the loss of fine detail occurs, which could account for the increased
difficulty and reduced confidence. In addition, as the visual field is impaired, the window
of vision will be reduced, causing barriers and obstacles to be missed. This is reflected in
the participant saying they are missing obstacles as they are looking for others. This is also
reflected by the two participants who missed obstacles due to visual field loss. As all these
visual functions decrease and visual impairment becomes more profound, there will likely
be an impact on navigating and completing daily tasks, correlating to a reduced quality
of life. Interestingly, increased difficulty was associated with dark adaptation and but not
confidence. This is likely due to the above-mentioned issues of casting shadows due to
overhanging trees or buildings.

The results from OCT image analysis showed that an outer retinal layer disruption or
absence (EZ and ELM) had a negative effect on confidence and increased the difficulty of
the route. As the ELM is comprised of photoreceptor nuclei and muller cells, if affected, the
vision is also likely to be greatly affected. The same stands for the EZ layer, which is often
used as a biomarker for photoreceptor structure, meaning if this is impacted, vision will
likely be greatly affected. This will likely lead to outer retinal loss, causing loss in visual
function, which affects the ability to navigate. Once this ability is lost, issues with isolation
and mental health often occur [2,8-11].

4.1. Commonality amongst Other Mobility Issues, Disabilities, and Impairments

Our study concentrated on those with visual impairment; however, many of these
problems have been reported by groups with other disabilities or mobility issues. Cracks on
pavements [36] and unevenness [37] impact older people, people with dementia, those with
physical impairments, or with autism spectrum condition (ASC) and people using prams
and wheelchairs. Narrow pavements make navigation difficult for people with prams,
wheelchairs (especially electric wheelchairs) [38] and older people [36]. Street clutter, litter,
and overhanging branches pose problems for older people, people with ASC, and other
physical disabilities [36,38—40]. Cyclists and skateboarders can be perilous to some users
and cause sensory overload for people with ASC [39]. Shared space has been demonstrated
to be problematic for people with a visual impairment [20,24,41,42], people with hearing
loss [43], and people with ASC [37]. Therefore, developing strategies that would help
people with visual impairments is likely to have a major impact on a wide range of society.

Enablers such as lighting not only make areas safer but also help older people with
arthritis and those with dementia to navigate [36,44,45]. Lighting designs, however, do need
to cater both for those who cannot have it too dull (elderly or visually impaired) or those
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who are bothered by it if it is too intense (ASC or photosensitivity) [46]. Colour contrast
and yellow markings can be helpful for people with a visual impairment, but colourful
pavements and crossings can create visual stimulation overload for older people [44] and
those with dementia, visual impairment [47], or ASC [39].

4.2. Recommendations

A wider consultation and establishment of best practices in given communities, con-
sidering the needs of the aging population, is crucial for keeping our cities liveable [46].
This shows that changes made for people with a visual impairment in our streetscapes
not only help people living a visual impairment but also could benefit people with neuro-
divergent issues and other disabilities. Exploring best practices for co-design processes,
involving people with visual impairment in public space design, and studying the impact
of technological innovations like smart pedestrian crossings and tactile paving are cru-
cial. Longitudinal studies assessing the long-term benefits of these changes, comparative
studies between different cities, and research on the broader social and economic impacts
of accessible streetscapes will further enhance our understanding and implementation of
inclusive urban environments.

Policymakers should mandate inclusive design principles in urban planning to ensure
streetscapes are accessible to all, including those with vision impairment. Developing
regulations for auditory and/or vibrating signals at pedestrian crossings, allocating funding
for accessibility projects, and requiring co-design with people with visual impairments
are essential steps. Additionally, implementing training programmes for urban planners,
ongoing monitoring and evaluation systems, and encouraging public engagement and
education about the importance of accessible streetscapes will help create more inclusive
and supportive communities for people with vision impairments and other disabilities.

4.3. Limitations

There were some limitations to the study, including the participants’ prior knowledge
and use of the area used for the walkaround potentially confounding the results. Partici-
pants were asked if they had previously walked this area or lived in the area. In addition,
bilateral visual fields would have been more comparable to other clinical and walkaround
measurements. We also did not ask participants about race, ethnicity, or ancestry, which
could be a limitation; however, the population of Northern Ireland is predominantly white,
reflecting the demographics observed in this study.

5. Conclusions

This study has shown a correlation between objective clinical findings and the naviga-
tion of the built environment. As expected, poorer visual function is related to an increase
in difficulty when navigating environments and a decrease in confidence. From this re-
search, it is clear that consideration into how our streetscapes are designed is essential for
accessibility for all. Consideration of street lighting (especially new schemes), pedestrian
crossing design, street furniture lines, contrast in streetscapes, and routes in and out of
public spaces should be given before design and implementation. Co-design is essential to
make areas accessible for all. Some small changes will lead to the reduction and removal of
barriers, allowing for a more accessible and enjoyable streetscape for all, including people
with a disability or impairment.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/disabilities4030032 /s1, Supplementary File S1: NaviSight
Questionnaire: Sight loss and the built environment section. Table S1: Rationale of NaviSight Ques-
tionnaire. References [18-22,24,28,48-52] are cited in the Supplementary Materials.
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