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Abstract
Background: Existing patient-reported outcome (PRO) measures may not be relevant to the full range of functional
and vision-related quality of life (VR-QOL) concerns of individuals with vision impairment due to severe peripheral
field loss (PFL). Measurement of VR-QOL in severe PFL is important in order to determine the effectiveness of vision
rehabilitation interventions for this population. The purpose of this study was to characterize the impact of severe
PFL due to retinitis pigmentosa (RP) and glaucoma on VR-QOL as the initial phase in the development of a novel
PRO measure.
Methods: Individuals with severe PFL due to RP or glaucoma were recruited from the Kellogg Eye Center and the
Association for the Blind and Visually Impaired. Participants completed semi-structured qualitative interviews, the
Impact of Vision Impairment (IVI) questionnaire and the RAND 36-Item Health Survey. Interviews were analyzed by
two coders using thematic analysis. A matrix analysis was conducted to compare VR-QOL by cause of severe PFL.
Sample size was determined by thematic saturation.
Results: The study included 37 participants (19 RP, 18 glaucoma). Median best-corrected visual acuity for those
with RP and glaucoma was 20/40 and 20/27.5, while Pelli-Robson contrast sensitivity was 1.2 log contrast sensitivity
(logCS) and 1.1 logCS, respectively. Median domain scores on the IVI (reading, mobility, well-being) ranged from a
low of − 0.2 to a high of 0.7 logits in those with RP and from 0.5 to 1.2 logits in those with glaucoma. Qualitative
interviews identified six VR-QOL themes relevant across participants with both RP and glaucoma, including activity
limitations, driving, emotional well-being, reading, mobility, and social function. VR-QOL concerns were largely
consistent among those with severe PFL due to RP and glaucoma. These overarching themes contained content
relevant to specific challenges related to severe PFL.
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Conclusions: There are commonly occurring VR-QOL concerns among individuals with severe PFL due to RP and
glaucoma. The outlined themes will serve as the basis for development of the Low Vision Severely Constricted
Peripheral Eyesight (LV-SCOPE) Questionnaire.
Keywords: Vision-related quality of life, Glaucoma, Retinitis pigmentosa, Peripheral field loss, Peripheral vision, Low
vision, Vision rehabilitation, Patient-reported outcome, Qualitative research, Interview

Background
Over the coming decades, the number of adults with
blindness and visual impairment in the U.S. is predicted
to double and the cost of treating vision loss is expected
to increase from $145 billion to $376 billion [1, 2].
When blindness and visual impairment are chronic, uncorrectable and impact daily life, they may be termed
low vision [3]. Among patients seen in clinical low vision
practices, up to 85% may experience improved visiondependent functioning through low vision rehabilitation
[4, 5]. Despite the potential benefits of vision rehabilitation, there has been limited research in this area.
Notably, no randomized controlled trial of vision rehabilitation [6] has targeted patients with peripheral field
loss (PFL), a recognized cause of impaired functioning
[7–9] and decreased vision-related quality of life (VRQOL) [10, 11] that often results from conditions such as
retinitis pigmentosa (RP) and glaucoma.
Although the prevalence of low vision due to PFL is
not fully known, a survey of vision rehabilitation centers
across the U.S. found that 21% of patients had a diagnosis of glaucoma or retinal degeneration [12], and in a
multicenter study Goldstein et al. determined that 14%
of patients presenting for vision rehabilitation had one
of these diagnoses [13]. However, these data may underestimate the true burden of PFL since conditions such as
non-glaucomatous optic neuropathies or a history of
panretinal photocoagulation (e.g., for diabetic retinopathy) may also cause PFL, but do so less consistently or
were not sufficiently captured. Prior investigations on
the impact of severe PFL have focused largely on mobility [14–19], a dimension of VR-QOL that is prominently
affected in PFL. However, there is also evidence that PFL
can affect other domains of VR-QOL [20–22], though a
multi-dimensional instrument to measure the impact of
severe PFL on VR-QOL does not yet exist.
Since low vision services are tailored to meet the rehabilitation goals of individual patients, outcome measures to assess the effectiveness of vision rehabilitation
are often patient-centered, in the form of patientreported outcome (PRO) or performance-based outcome
measures [23, 24]. However, PROs used in low vision
were developed and validated among populations with
primarily central vision loss, and investigators have
noted problems, including poor targeting of items and

inadequate content validity, when applying these outcomes to individuals with PFL [14, 25–31]. One possible
explanation is that there are distinct impairments caused
by peripheral and central vision loss [32]. Furthermore,
older PROs may not include content relevant to common current technologies and mobility solutions. Accordingly, a contemporary, valid, and reliable PRO built
around the VR-QOL and functional challenges of individuals with severe PFL may serve as a valuable measurement tool for future clinical trials and comparative
effectiveness research to measure the effect of vision rehabilitation in this population.
While prior qualitative studies on VR-QOL in RP and
glaucoma have been published [32–35], there is little
data specific to how severe PFL affects VR-QOL. The
current study provides a qualitative analysis of the impact of severe PFL on VR-QOL. This investigation is the
first phase in the development of the Low Vision Severely Constricted Peripheral Eyesight (LV-SCOPE)
Questionnaire, which will be a novel PRO developed to
measure vision-related functioning in individuals with
severe PFL with the goal of fostering future research on
the effectiveness of vision rehabilitation in this
population.

Materials and methods
Participants

Participants were recruited from the Kellogg Eye Center
at the University of Michigan and the Association for
the Blind and Visually Impaired (Grand Rapids, Michigan). A purposive sampling strategy was used to achieve
a balance of age and gender and to oversample those
with preserved visual acuity (defined as mild VI or better, ≥ 20/60). All participants met the U.S. definition of
statutory blindness [36] and self-identified as having
functional difficulty due to their vision loss (answered
“yes” to the question “Does your vision loss impact your
day-to-day life?”).
 Inclusion criteria for RP: RP diagnosed by a retina

specialist and widest diameter ≤ 20 degrees on III4e
isopter of the Goldmann visual field (GVF) in each
eye (or in only one eye if the fellow eye visual acuity
was < 20/200).
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 Inclusion criteria for glaucoma: glaucoma diagnosed

by a glaucoma specialist; reliable (< 33% falsepositives, false-negatives, and fixation losses) and repeatable Humphrey (24–2 or 30–2 algorithm) visual
field defect in better-seeing eye (defined based on
visual acuity) classified as mixed or generalized-type
Stage 4 or Stage 5 using the Enhanced Glaucoma
Staging System [37].
 Exclusion criteria were: diagnosed cognitive
impairment; Mini-Mental State Exam score ≤ 23; diagnosed severe mental illness; need for an interpreter; or a physical disability that prevented
independent ambulation.
Participants with Usher Syndrome were eligible for inclusion in order to maintain generalizability to individuals with RP syndromes. Written informed consent was
obtained from all participants. This study was approved
by the University of Michigan Institutional Review Board
and the research adhered to the tenets of the Declaration
of Helsinki.
Trained research assistants (AK and KBZ) screened
medical records to select participants who were likely to
meet study criteria. For eligible participants, bestcorrected Snellen visual acuity (BCVA) and results of
visual field testing from within the prior 12 months were
extracted from the chart. At the time of study enrollment, participants completed binocular Pelli-Robson
contrast sensitivity testing, the Impact of Vision Impairment (IVI) questionnaire [38, 39], and the RAND 36Item Health Survey (SF-36) [40]. Additional data were
collected on educational attainment, employment status,
living situation, age of diagnosis, medical comorbidities,
and prior low vision interventions.

Interviews

A semi-structured interview guide was developed based
on a review of the existing literature (Supplementary
Appendix). Questions were open-ended, with frequent
probes to clarify, encourage, and elaborate. Participants
were instructed to answer all questions based on their
usual use of any adaptations, low vision devices, white
cane, or guide dog. Interviews were conducted from
November 2017 to January 2019 at the Kellogg Eye Center and the Association for the Blind and Visually Impaired. Two authors (AK and JRE) performed the
interviews in person, which were audio recorded and
transcribed verbatim. Two authors (AK and KBZ) independently coded interview transcripts. The coders
underwent intercoder agreement exercises prior to and
during the coding process. A full transcript was coded
by both coders and intercoder agreement was formally
assessed based on the use of the same categories (sub-
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themes) for each passage of text; there was a high level
of agreement (κ ≥ 0.9). Any coding disagreements were
discussed between the coders, and those unable to be resolved were arbitrated by a third coder (JRE or RL). The
sampling and interview processes continued until thematic saturation was achieved [41].
Analyses

Demographic, clinical, and survey data (SF-36 and IVI)
are summarized and reported as medians and ranges.
The Mann-Whitney U test was used to for inter-group
comparisons. Scores on the IVI were transformed using
published Rasch-calibrated values [42] since there were
too few participants to precisely calibrate items for this
study sample. The correlation of visual acuity and contrast sensitivity (on log scales) with IVI scores (on logit
scale) was assessed by Spearman correlation since a
non-linear but monotonic relationship was hypothesized.
Pearson correlations were used to analyze correlations
between various IVI domain scores.
Qualitative analyses were conducted using an inductive approach without predetermined codes. Codes were
combined and then winnowed to address the research
question, and resulting codes were binned into common
categories, which were aggregated into overarching
themes. The process was carried out in an iterative fashion, starting before the completion of interviews so that
thematic analysis and eventually thematic saturation was
achieved, signaling an adequate sample size [41]. A
matrix analysis was performed in order to examine each
VR-QOL theme and category by cause of severe PFL
(RP or glaucoma) [43]. Coding and qualitative analyses
were performed using MAXQDA Plus 2018 (VERBI
Software, Berlin, Germany).

Results
Sociodemographic characteristics of participants are presented in Table 1 stratified by cause of PFL. Additional
details on each participant are presented in Supplementary Tables 1a and 1b. Overall, 19 participants (51%)
were female, median age was 61 years old (range, 18–
82), and duration of disease was 24 years (range, 1–61).
Table 2 contains clinical characteristics and survey response data stratified by cause of PFL. Participants had a
wide range of BCVA (20/20–20/800) and contrast sensitivity (0.00–1.65 log contrast sensitivity), while visual
fields were uniformly constricted (RP: 4–20○; glaucoma:
mean deviation − 31.4 to −9.9 dB).
Scores for each of the eight domains on the SF-36 are
reported in Table 3 stratified by cause of PFL. There was
variation in scores across IVI domains, as shown in
Table 3. Sores on the IVI reading (p = 0.47) and mobility
(p = 0.25) domains were not significantly different between participants with glaucoma and RP, but those
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Table 1 Participant demographic characteristics
Glaucoma (n = 18)

Retinitis Pigmentosa (n = 19)

Median

73

53

Range

53–82

18–74

44%

58%

White

47%

84%

Asian

6%

0%

Middle Eastern

11%

11%

African American

33%

5%

Some High School

0%

5%

High School

14%

16%

Some College

43%

11%

College Degree

0%

42%

Advanced Degree

43%

26%

Unemployed

0%

16%

Retired

69%

11%

Homemaker

0%

5%

Student

0%

11%

Part Time

19%

32%

Full Time

13%

26%

Alone

24%

16%

With partner/spouse

65%

74%

With other family/friends

12%

11%

Age (years)

Gender n (%)
Female
Race

Education

Employment

Living Situation

with RP had lower emotional well-being scores (p =
0.01). Scores on the IVI were significantly correlated
with better-eye but not worse-eye BCVA across all 3 domains in participants with glaucoma. IVI scores were
not significantly correlated with better- or worse-eye
BCVA in participants with RP. Contrast sensitivity was
significantly correlated with the reading and emotional
well-being domains in glaucoma and only the emotional
well-being domain in RP (Table 4).
Thematic analysis identified overarching VR-QOL
themes. Figure 1 illustrates the 6 major themes that were
identified: activity limitations, driving, emotional wellbeing, reading, mobility, and social function.

around a large crowd of people or in unfamiliar places
like airports, concert venues, or shopping malls. Most
stated that movie theaters were too dark and the screens
too large for their limited peripheral vision and some
noted that large computer monitors were challenging for
the same reason.

Activity limitations

Some participants mentioned having to make adjustments in their roles at work, sometimes due to safety
concerns. Many had also given up visually demanding
hobbies and sports that they had once enjoyed.

All participants cited daily activities that were made difficult because of their vision impairment. Participants
also tended to avoid activities that required them to be

One of the main things that bothered me with other
people my age were going and doing sports, video
games, different various outdoor activities, and it’s
just much more difficult even though I have very,
very accommodating, kindhearted friends who try to
work with me. (22 year-old male; RP).
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Table 2 Participant clinical characteristics
Glaucoma (n = 18)

Retinitis Pigmentosa (n = 19)

Median

20/27.5

20/40

Range

20/20–20/150

20/20–20/800

Visual acuity (better eye)

Visual fielda
Median

−16.05 dB

10°

Range

−31.42- -9.86 dB

4–20º

Median

1.1

1.2

Range

0.5–1.5

0.00–1.7

Pelli-Robson contrast sensitivity (log contrast sensitivity)

Duration of disease (years)
Median

10

26

Range

1–22

3–61

Cataract

89%

58%

Usher Syndrome

0%

26%

Other

6%

11%

Yes

94%

53%

Depression or anxiety

22%

32%

Hypertension

61%

0%

Heart Disease

22%

0%

Stroke

11%

0%

Diabetes

28%

0%

Lung Disease

22%

0%

Arthritis

39%

0%

Other

28%

21%

50%

84%

39%

63%

Other ocular comorbidity

Medical comorbidity

Low vision device use
Yes
Low vision rehabilitation experience
Yes

dB: decibel, RP retinitis pigmentosa
a
For glaucoma: visual field mean deviation in decibels; for RP widest diameter of III4e isopter on Goldmann visual field test

Driving

Many participants discussed difficulties and dangers related to driving. Those who were no longer able to drive
often felt isolated and limited in their ability to participate in work and social activities, and they discussed
needing to rely on others. They consistently noted that
this made them less independent.

Some stated that if they could regain one function, it
would be driving. Many relied on public transportation.
Those who could afford ride-hailing services noted these
services afforded greater independence. Others found
that their inability to drive made them ineligible for certain jobs.
Emotional well-being

I have to be independent, and it's getting more and
more of a concern, because I know my vision keeps
getting worse and worse, so I don't know what I'm
going to do when I get to the point where I can't
drive. (82 year-old female; glaucoma)

Participants described feelings of frustration related to
their limited vision. Some described needing to plan
ahead and work at a slower pace; others were frustrated
by stumbling and bumping into things. Many described
frustration due to the need to wait several minutes to
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Table 3 Patient Reported Outcome Measure domain scores. Median (interquartile range) scores on each domain of the RAND 36Item Health Survey (SF-36) and the Impact of Vision Impairment questionnaire
Glaucoma (n = 18)

Retinitis Pigmentosa (n = 19)

Physical functioning

80 (55–95)

89 (77–97)

Role limitation due to physical health

100 (25–100)

100 (69–100)

Role limitation due to emotional health

100 (100–100)

100 (100–100)

Energy/fatigue

70 (49–80)

66 (49–77)

Emotional well-being

84 (70–89)

84 (72–92)

a

SF-36

Social functioning

100 (72–100)

94 (75–100)

Pain

75 (57–90)

90 (68–100)

General health

73 (58–80)

75 (69–80)

IVIb
Reading

1.2 (− 0.5–1.8)

0.7 (0.0–1.1)

Mobility

0.5 (−0.5–0.8)

− 0.2 (− 0.7–0.4)

Well-being

0.9 (0.5–1.3)

0.1 (− 0.8–0.5)

IVI Impact of Vision Impairment, SF-36 RAND 36-item Health Survey
a
Scores range from 0 to 100
b
Scores on interval logit scale

allow their vision to adjust following a lighting transition. Embarrassment and anxiety were also common.
Participants described feeling embarrassed when they
bumped into a person or object, or when people instinctively moved out of the way for them. For many, severe PFL meant that they could be easily startled by
people or objects outside of their central vision, and this
provoked anxiety.

have to get so close to you before you see them.
(61 year-old female, RP)
Sadness, anger, and even clinical depression, occurred in
response to losing independence. Some expressed feelings
of helplessness, wondering why this happened to them, or
why their disease had progressed faster than others’.

I try to describe to people that I'm kind of like a
horse with blinders on...If I haven't heard them or
know someone's there, I'm easily startled with
things. I think partly that being startled comes
from getting accustomed to the fact that things

My self-esteem went down. I got depressed. I didn't
want to accept it. It's embarrassing. It's like you can't
have fun anymore. It's like your eyesight is so important. I would rather have my arm or my leg cut off. I
just want my sight to see the beauty of the world. (53
year-old male; glaucoma)

Table 4 Correlations between IVI scores and clinical vision measures
Visual acuity better-eyea

Visual acuity worse-eyea

Pelli-Robson score binocularb

IVI reading

IVI mobility

Retinitis pigmentosa
IVI Reading

−0.01

−0.10

0.10

–

–

IVI Mobility

0.22

0.12

−0.36

0.5*

–

IVI Well-Being

0.21

0.27

−0.46*

0.4

0.8**

IVI Reading

−0.66**

−0.15

0.60**

–

–

IVI Mobility

−0.47*

− 0.37

0.37

0.8**

–

IVI Well-Being

−0.61**

−0.11

0.48*

0.8**

0.7*

Glaucoma

IVI Impact of Vision Impairment, logCS log contrast sensitivity, logMAR logarithm of minimum angle of resolution
a
On logarithm of minimum angle of resolution (logMAR) scale
b
On log contrast sensitivity (logCS) scale
*P < 0.05, **P < 0.01
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Fig. 1 Vision-related quality of life themes. The six quality of life themes that emerged in this study were activity limitation, driving, emotional
well-being, mobility, reading, and social function. Representative sub-themes are illustrated

Several older participants regretted not fully taken advantage of better vision earlier in life. Notwithstanding,
many expressed gratitude for what they are able to do in
spite of severe PFL.
Reading

All participants experienced difficulties related to
reading. Difficulty reading made some tasks, such as
using the dials on a stove, potentially dangerous.
Many noted they did not read for pleasure as much
as they used to, often due to the small-size of print.
Reading menus in dimly lit restaurants was particularly challenging, causing some to prepare in advance
by reading the menu online, while others used adaptive devices. They also commonly expressed frustration due to progressive loss in reading speed as their
disease worsened.
I've always been a reader. I just can't do it anymore.
I just can't go into a library and browse or a bookstore… The casual reading, the casual access to that
kind of detail is gone. (72-year-old male; glaucoma)

Some found that available assistive devices for reading were challenging to use due to PFL. For example, closed-circuit televisions and magnifiers made
words so large that only part of the word was visible, which necessitated more scanning. Some accessibility features on smartphones, tablets, and
computers, such as easily adjustable font size and
contrast, were widely used and deemed helpful.
However, many noted that severe PFL made it so
difficult to navigate continuous text that they missed
or had to re-read lines. Several explained that larger
computer monitors and larger print is not necessarily easier for someone with severe PFL, and may
even impose a greater challenge.
If things print bigger, that doesn't help me at
all...I don't need big letters…nothing that [low vision specialists] were talking about was helpful
for me, so I didn't really want to go back…My
low vision is so different than their low vision,
and the things that they need. (74 year-old female; RP)
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Mobility

A primary concern for all participants was safe mobility.
Many described environments that were particularly
challenging, including those that were unfamiliar, dark,
or crowded. They noted that obstacles such as bicycles,
strollers, and small children were often difficult to detect. Street crossings were difficult and often dangerous,
as it was challenging to see oncoming vehicles, especially
those turning corners, with PFL. Several had been hit by
cars and had sustained serious injuries.
Unfamiliar places were challenging because of unknown
obstacles. Participants frequently bumped into other
people and objects like cupboards, shelves, street poles, tables, and “wet floor” signs located below eye level.
…I don't like to be in crowds or crowded areas where
there's people coming from my sides and stuff, for obvious reasons, because I'll run into them. And so, I
kind of avoid those kind of settings unless I'm with
somebody and I can follow them…I keep my head on
a swivel and I'm constantly looking around. (48
year-old male; RP)
Several cited bumping into furniture in their own
home as an indicator of disease progression. Tripping
and falling was a frequent concern. They noted tripping over uneven bricks or sidewalks, clutter around
the house, and rugs. Tripping or falling on stairs was
also common, with descending stairs considered more
hazardous than ascending stairs. Due to severe PFL,
participants continuously had to shift their gaze to
avoid injury.
My environment is so small. It’s like I’m sort of like
in a closet. When I look out, I can’t see say more
than about 10 ft, or 12 ft ahead of me. For example,
if a bus is coming, I don’t see the bus until it’s about
two car lengths in front of me…..(81 year-old female;
glaucoma).
Social function

Close connections were sometimes challenging to maintain but also helped participants to cope with their vision impairment. Often these close social connections
were with spouses or partners who often functioned as
drivers, sighted guides, and advocates, even as other social functions with friends, family, and acquaintances became more difficult.
I think I have had a wonderful life, and in great part
because I had a spouse who didn't make me feel inadequate, and helped in the places that I needed
help, and still helped me to feel important and
needed... (74 year-old female; RP)
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Many worried that if their vision worsened they would
become more dependent and that this may impact their
interpersonal relationships. Existing social relationships
frequently suffered along with the inability to drive and
do activities that participants previously enjoyed with
friends or family. Moreover, difficulty recognizing faces
and making eye contact were barriers to meeting people
and building new relationships.
Comparing RP and glaucoma

A matrix analysis was conducted to compare VR-QOL
concerns across themes and categories among those
with RP and glaucoma (Supplementary Table 2). Many
concerns were similar between participants from the two
groups, though there were some notable differences that
may be attributable to differences in the underlying diseases, the demographics of affected individuals (e.g.,
age), or a combination thereof. Differences notwithstanding, VR-QOL themes and categories were largely
consistent across participants with both causes of severe
PFL.

Discussion
The objective of this study was to understand the dayto-day impact of severe PFL on the lives of individuals
with RP and glaucoma. Participants expressed concerns
related to six overarching VR-QOL themes: 1) limitations in vision-dependent activities, 2) difficulty reading,
3) challenges related to driving and independence, 4)
limitations in safe mobility, 5) emotional concerns related to vision loss, and 6) impact on social function. In
contrast to many prior qualitative studies, this study
adopted a functional perspective, considering the impact
of severe PFL, rather than the effect of a specific disease
state on VR-QOL. This approach may provide data that
is more relevant to rehabilitation, since low vision rehabilitation seeks to address the impact of vision loss irrespective of the underlying cause. While many of the
overarching VR-QOL themes identified in this study
have been previously reported [44–46], the content of
these themes was distinct among participants in this
study. As illustrated, the categories/sub-themes (Fig. 1)
and their content (Supplementary Table 2) point to the
specific and distinct impact of severe PFL on these six
VR-QOL domains. Since the impact of severe PFL on
VR-QOL has not been widely studied, these findings are
important to the development of a PRO that is relevant
to the experiences of individuals with severe PFL, which
will fill a critical gap and may facilitate future research
to identify evidence-based vision rehabilitation solutions
for this population.
This study builds on prior quantitative [8, 15, 47–50]
and qualitative [33–35, 51] investigations into the lived
experiences of individuals with RP and glaucoma.
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Quantitative investigations have identified reading, driving, mobility, lighting, and facial recognition as commonly affected tasks in RP, while those with glaucoma
experienced impacted mobility, activity limitations, visual symptoms, and socioemotional well-being. Most
prior studies used generic vision- or health-related QOL
measures, though these instruments were not developed
around the experiences of individuals with severe PFL.
Additionally, purely quantitative studies may not adequately capture the experience of individuals living
with a disease state since they are limited by the content of extant measures [52]. In fact, the U.S. Food
and Drug Administration guidance on PRO development indicates that population- and condition-specific
qualitative studies are needed to ensure an instrument’s content validity [53].
Prior qualitative investigations have not adequately
quantified the extent of visual field loss in the study
sample or did not limit inclusion criteria to those with
severe PFL, though doing so is important for determining relevant VR-QOL concerns to develop a PRO for
this population that is likely be responsive to change following an intervention or progression of disease. In developing content for the National Eye Institute Visual
Functioning Questionnaire (NEI-VFQ), Mangione et al.
performed 26 condition-specific focus groups, eight of
which were among individuals with glaucoma and two
with low vision [44]. Both sets of focus groups included
heterogeneous groups of patients that were well-suited
to the development of a general VR-QOL instrument.
For example, those with glaucoma had different levels of
disease severity and the low vision groups contained participants with various causes of low vision. That study
identified seven key “problems”: general vision-related
concerns, mobility, reading, social relations and activities, home activities, self-care, and personal finances.
There is a high degree of agreement in the overarching
VR-QOL domains identified in this study and other
qualitative VR-QOL instrument development projects,
including the NEI-VFQ [44]. However, in contrast to the
NEI-VFQ, the content generated in this study points to
a need for novel items targeting functions such as safe
street crossing, navigating crowds, obstacle avoidance,
orientation and mobility in familiar versus unfamiliar environments, and use of technologies like smartphones,
tablets, and computers to accomplish recreational, daily
living, and vocational tasks.
Massof and Stelmack have demonstrated that in
order to detect the full effect of an intervention, a
measure must be relevant to the functional impairments and goals of patients [54]. Although hundreds
of instruments have been used to assess visual impairment [6, 55], none tests multiple functional domains
and meets these criteria specifically for people with
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low vision due to severe PFL. In fact, in some commonly used low vision PROs, items sensitive to PFL
have been removed to improve the instrument’s psychometric properties [26], and others have not been
well-targeted to people with PFL [14].
This study also contributes to the literature on the differential impact of central and peripheral vision loss on
daily functioning and VR-QOL. A multicenter study by
Brown et al. found that there was considerable overlap
in the functional complaints of patients with low vision
due to various causes, but that those with diagnoses associated with PFL had some distinct impairments, particularly related to mobility [32]. Of note, that study did
not associate diagnoses or functional impairments with
magnitude of vision loss, though this might have helped
to clarify further these relationships. One possibility is
that differences in functional impairments due to central
and peripheral vision loss may be related to the processing of visual information that is believed to occur via
two distinct “cortical streams,” the ventral and dorsal
stream [56, 57]. The ventral stream depends on central
vision and processes object and pattern recognition,
while the dorsal stream utilizes peripheral vision for
spatial relations, perception of motion, and visually
guided motor behavior.
In the current study, Rasch-calibrated IVI scores were
calculated for each of the three IVI domains. Scores covered a wide range, indicating varying levels of functioning, which may be an indicator of good content validity
in the present study since participants had varying levels
of functioning and VR-QOL. Scores on IVI domains
were moderately to strongly correlated with one another,
except for the reading and well-being domains in participants with RP ; the reason for this finding is not clear, as
reading was an important VR-QOL feature for participants with both glaucoma and RP. Since all participants
in this study had a similar level of PFL it was not possible to correlate magnitude of PFL and IVI scores.
However, it is notable that IVI scores in participants
with RP were not significantly correlated with visual acuity, a result that is inconsistent with many prior low vision studies in which participants had predominantly
central vision loss [42]. This finding further emphasizes
the importance of developing and validating a PRO that
is relevant to individuals with severe PFL, in whom VRQOL may be less closely related to visual acuity. Conversely, in participants with glaucoma, visual acuity in
the better-seeing eye was moderately correlated with
scores in all three IVI domains, a finding that suggests
that the impact of PFL and/or visual acuity loss may
affect VR-QOL differently across disease states.
Importantly, there were some key demographic and
clinical differences between the two groups that should
be considered when interpreting results. Those with RP
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were younger (median 53 vs 73 years-old), and had a
longer duration of disease (median 26 vs 10 years) than
those with glaucoma. A greater percentage of participants with RP also were white (84% vs 47%), had a college degree (68% vs 43%), and used low vision devices
(84% vs 50%). Nonetheless, health-related quality of life
scores on the SF-36 were similar between the two
groups and a matrix analysis (Supplementary Table
2) demonstrated that, in general, participants with severe
PFL due to RP and glaucoma had shared VR-QOL concerns. While IVI well-being scores were lower in participants with RP, this difference was not readily apparent
in the qualitative interview data, which supported considerable emotional impact of both diseases.
The findings from this study will be used to develop a PRO measure, the LV-SCOPE Questionnaire,
to assess functioning and VR-QOL in severe PFL. In
the next phase of the LV-SCOPE project, survey
items will be mapped to qualitative findings using a
combination of existing items from validated PROs
and newly written items. The intended meaning of
survey items will be tested in cognitive interviews
prior to the final study phase in which modern psychometric approaches (e.g., Rasch modeling) will be
used to refine the survey structure and test its psychometric properties. The LV-SCOPE Questionnaire
may ultimately enable clinicians and researchers to
measure functioning and VR-QOL using an instrument that is optimally aligned with the lived experiences of individuals with severe PFL.
There were several limitations to this study. First, the
VR-QOL and functional challenges described may not
be generalizable to other populations with distinct environmental, cultural, or geographic characteristics. Populations in areas with greater or lesser access to urban
amenities may have distinct experiences with mobility
and driving and this may also be shaped by local driving
regulations. While thematic saturation was attained with
our study sample, it is plausible that additional themes
could be expressed by a distinct sample with PFL. Additionally, some of the issues participants cited may have
been due to other health problems or co-occurring eye
conditions. Findings may also have been affected by
interviewer and social desirability biases. There were
also several key strengths to this study. Prior to data
analysis, coders underwent an intercoder agreement
exercise that showed a high-level of agreement. An
inductive approach was used to allow codes and
themes to emerge from the data until thematic saturation as achieved and a matrix analysis was conducted
to compare RP and glaucoma. In addition, those with
preserved central vision were intentionally oversampled in order to highlight issues most likely to be
related to severe PFL.
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Conclusions
This study is unique in its focus on individuals with
severe PFL, a group for whom there is a lack of evidence to guide PRO assessment and low vision rehabilitation practice. The analysis of qualitative data
is a necessary step in PRO development in order to
optimize an instrument’s content validity [53] and
sensitivity to the effect of vision rehabilitation [54].
The LV-SCOPE development and validation project
may ultimately improve the ability of clinicians to
measure the effectiveness of vision rehabilitation for
those with severe PFL, while permitting researchers to
carry out transformative research in this area.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s41687-020-00281-y.
Additional file 1: Supplementary Table 1a. Detailed Participant
Characteristics. Supplementary Table 1b. Detailed Participant
Characteristics. Supplementary Table 2. Matrix Analysis by Cause of
Severe Peripheral Field Loss.
Additional file 2: Supplemental Appendix. Semi-Structured Interview
Guide

Abbreviations
BCVA: Best-corrected visual acuity; GVF: Goldmann Visual Field; IVI: Impact of
Vision Impairment; logCS: Log contrast sensitivity; logMAR: Logarithm of
minimum angle of resolution; LV-SCOPE: Low Vision Severely Constricted
Peripheral Eyesight; OD: Right eye; OS: Left eye; OU: Both eyes;
PFL: Peripheral field loss; PRO: Patient-reported outcome; RP: Retinitis
pigmentosa; VR-QOL: Vision-related quality of life
Acknowledgements
The authors would like to acknowledge Dr. Ecosse Lamoureux, Dr. Eva
Fenwick, and the Singapore Eye Research Institute for providing the Impact
of Vision Impairment Questionnaire for use in this study. Richard Stevens,
J.D., the executive director of the Association for the Blind and Visually
Impaired (ABVI), was instrumental in arranging for the organization’s
participation in this study.
Authors’ contributions
The study conception and design were performed by Joshua R. Ehrlich, Paul
P. Lee, Robert W. Massof, Joan A. Stelmack, K. Thiran Jayasundera and Noelle
E. Carlozzi. Material preparation, data collection and analysis were performed
by Joshua R. Ehrlich, Ryan Lange, Abigail Kumagai, Sara Weiss, Katherine B.
Zaffke, Sherry Day, Donna Wicker, Ashley Howson, Christina Hedlich, and Lori
Smolinski. The first draft of the manuscript was written by Ryan Lange and
Abigail Kumagai and all authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript.
Funding
National Institutes of Health to Joshua R. Ehrlich (K23EY027848). An
unrestricted grant from Research to Prevent Blindness to the Department of
Ophthalmology and Visual Sciences at the University of Michigan. The
sponsor or funding organizations had no role in the design or conduct of
this research.
Conflicts of interest/competing interests: none declared for any author.
Availability of data and materials
Data from this study are not publically available due to the nature of
qualitative data.

Lange et al. Journal of Patient-Reported Outcomes

(2021) 5:7

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional research
committee (University of Michigan Institutional Review Board Protocol ID
HUM00123126) and with the 1964 Helsinki declaration and its later
amendments.

Page 11 of 12

13.

Consent for publication
Not applicable.

14.

Competing interests
None declared for any author.

15.

Author details
1
Department of Ophthalmology and Visual Sciences, Center for Eye Policy
and Innovation, University of Michigan, 1000 Wall Street, Ann Arbor, MI
48105, USA. 2Association for the Blind and Visually Impaired, Grand Rapids,
MI, USA. 3Institute for Healthcare Policy and Innovation, University of
Michigan, Ann Arbor, MI, USA. 4Department of Ophthalmology, Johns
Hopkins University, Baltimore, MD, USA. 5Edward Hines, Jr. VA Hospital, Hines,
IL, USA. 6Department of Physical Medicine and Rehabilitation, University of
Michigan, Ann Arbor, MI, USA. 7Center for Outcomes Development and
Application, University of Michigan, Ann Arbor, MI, USA.

16.
17.

18.

19.

Received: 30 June 2020 Accepted: 29 December 2020

References
1. Vision loss impact - research to prevent blindness. (n.d.). Retrieved 31 May
2016, from https://www.rpbusa.org/rpb/resources-and-advocacy/advocacy/
vision-loss-impact/.
2. Varma, R., Vajaranant, T. S., Burkemper, B., Wu, S., Torres, M., Hsu, C., …
McKean-Cowdin, R. (2016). Visual impairment and blindness in adults in the
United States: demographic and geographic variations from 2015 to 2050.
JAMA Ophthalmology, 134(7), 802–809. https://doi.org/10.1001/
jamaophthalmol.2016.1284.
3. U.S. Department of Health and Human Services (n.d.). Vision research - a
National Plan: 1999–2003, (pp. 98–4120). Bethesda: National Eye Institute.
NIH Publication.
4. Hinds, A., Sinclair, A., Park, J., Suttie, A., Paterson, H., & Macdonald, M. (2003).
Impact of an interdisciplinary low vision service on the quality of life of low
vision patients. The British Journal of Ophthalmology, 87(11), 1391–1396.
5. Leat, S. J., Fryer, A., & Rumney, N. J. (1994). Outcome of low vision aid
provision: the effectiveness of a low vision clinic. Optometry and Vision
Science, 71(3), 199–206.
6. Binns, A. M., Bunce, C., Dickinson, C., Harper, R., Tudor-Edwards, R.,
Woodhouse, M., … Margrain, T. H. (2012). How effective is low vision service
provision? A systematic review. Survey of Ophthalmology, 57(1), 34–65.
https://doi.org/10.1016/j.survophthal.2011.06.006.
7. Nelson, P., Aspinall, P., & O’Brien, C. (1999). Patients’ perception of visual
impairment in glaucoma: a pilot study. The British Journal of Ophthalmology,
83(5), 546–552.
8. Ekici, F., Loh, R., Waisbourd, M., Sun, Y., Martinez, P., Nayak, N., … Spaeth, G.
L. (2015). Relationships between measures of the ability to perform visionrelated activities, vision-related quality of life, and clinical findings in
patients with Glaucoma. JAMA Ophthalmology, 133(12), 1377–1385. https://
doi.org/10.1001/jamaophthalmol.2015.3426.
9. Social Security Administration. (n.d.). Disability evaluation under social
security: 2.00-special senses and speech-adult. Retrieved 23 May 2016, from
https://www.ssa.gov/disability/professionals/bluebook/2.00SpecialSensesandSpeech-Adult.htm.
10. Spaeth, G., Walt, J., & Keener, J. (2006). Evaluation of quality of life for
patients with glaucoma. American Journal of Ophthalmology, 141(1 Suppl),
S3–S14. https://doi.org/10.1016/j.ajo.2005.07.075.
11. Azoulay, L., Chaumet-Riffaud, P., Jaron, S., Roux, C., Sancho, S., Berdugo, N.,
… Mohand-Saïd, S. (2015). Threshold levels of visual field and acuity loss
related to significant decreases in the quality of life and emotional states of
patients with retinitis pigmentosa. Ophthalmic Research, 54(2), 78–84.
https://doi.org/10.1159/000435886.
12. Owsley, C., McGwin, G., Lee, P. P., Wasserman, N., & Searcey, K. (2009).
Characteristics of low-vision rehabilitation services in the United States.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Archives of Ophthalmology (Chicago, Ill.: 1960), 127(5), 681–689. https://doi.
org/10.1001/archophthalmol.2009.55.
Goldstein, J. E., Massof, R. W., Deremeik, J. T., Braudway, S., Jackson, M. L.,
Kehler, K. B., … Low Vision Research Network Study Group (2012). Baseline
traits of low vision patients served by private outpatient clinical centers in
the United States. Archives of Ophthalmology (Chicago, Ill.: 1960), 130(8),
1028–1037. https://doi.org/10.1001/archophthalmol.2012.1197.
Noe, G., Ferraro, J., Lamoureux, E., Rait, J., & Keeffe, J. E. (2003). Associations
between glaucomatous visual field loss and participation in activities of
daily living. Clinical & Experimental Ophthalmology, 31(6), 482–486.
Turano, K. A., Geruschat, D. R., Stahl, J. W., & Massof, R. W. (1999). Perceived
visual ability for independent mobility in persons with retinitis pigmentosa.
Investigative Ophthalmology & Visual Science, 40(5), 865–877.
Turano, K. A., Rubin, G. S., & Quigley, H. A. (1999). Mobility performance in
glaucoma. Investigative Ophthalmology & Visual Science, 40(12), 2803–2809.
Turano, K. A., Massof, R. W., & Quigley, H. A. (2002). A self-assessment
instrument designed for measuring independent mobility in RP patients:
generalizability to glaucoma patients. Investigative Ophthalmology & Visual
Science, 43(9), 2874–2881.
Friedman, D. S., Freeman, E., Munoz, B., Jampel, H. D., & West, S. K. (2007).
Glaucoma and mobility performance: the Salisbury eye evaluation project.
Ophthalmology, 114(12), 2232–2237. https://doi.org/10.1016/j.ophtha.2007.02.001.
Fenwick, E. K., Ong, P. G., Man, R. E. K., Cheng, C.-Y., Sabanayagam, C., Wong,
T. Y., & Lamoureux, E. L. (2016). Association of vision impairment and major
eye diseases with mobility and Independence in a Chinese population.
JAMA Ophthalmology, 134(10), 1087–1093. https://doi.org/10.1001/
jamaophthalmol.2016.2394.
Ramulu, P. Y., West, S. K., Munoz, B., Jampel, H. D., & Friedman, D. S. (2009).
Glaucoma and reading speed: the Salisbury eye evaluation project. Archives
of Ophthalmology (Chicago, Ill.: 1960), 127(1), 82–87. https://doi.org/10.1001/
archophthalmol.2008.523.
Ramulu, P. Y., West, S. K., Munoz, B., Jampel, H. D., & Friedman, D. S. (2009).
Driving cessation and driving limitation in glaucoma: the Salisbury eye
evaluation project. Ophthalmology, 116(10), 1846–1853. https://doi.org/10.
1016/j.ophtha.2009.03.033.
Chaumet-Riffaud, A.-E., Chaumet-Riffaud, P., Cariou, A., Devisme, C., Audo, I.,
Sahel, J.-A., & Mohand-Said, S. (2017). Impact of retinitis pigmentosa on
quality of life, mental health and employment among young adults.
American Journal of Ophthalmology. https://doi.org/10.1016/j.ajo.2017.02.016.
Stelmack, J. A., Tang, X. C., Reda, D. J., Rinne, S., Mancil, R. M., Massof, R. W., &
LOVIT Study Group (2008). Outcomes of the veterans affairs low vision
intervention trial (LOVIT). Archives of Ophthalmology (Chicago, Ill.: 1960),
126(5), 608–617. https://doi.org/10.1001/archopht.126.5.608.
Stelmack, J. A., Tang, X. C., Wei, Y., Wilcox, D. T., Morand, T., Brahm, K., … LOVIT
II Study Group (2017). Outcomes of the veterans affairs low vision intervention
trial II (LOVIT II): a randomized clinical trial. JAMA Ophthalmology, 135(2), 96–
104. https://doi.org/10.1001/jamaophthalmol.2016.4742.
Massof, R. W. (1998). A systems model for low vision rehabilitation. II
measurement of vision disabilities. Optometry and Vision Science: Official
Publication of the American Academy of Optometry, 75(5), 349–373.
Stelmack, J. A., Szlyk, J. P., Stelmack, T. R., Demers-Turco, P., Williams, R. T.,
Moran, D., & Massof, R. W. (2004). Psychometric properties of the veterans
affairs low-vision visual functioning questionnaire. Investigative Ophthalmology
& Visual Science, 45(11), 3919–3928. https://doi.org/10.1167/iovs.04-0208.
Haymes, S. A., Johnston, A. W., & Heyes, A. D. (2001). The development of
the Melbourne low-vision ADL index: a measure of vision disability.
Investigative Ophthalmology & Visual Science, 42(6), 1215–1225.
Weih, L. M., Hassell, J. B., & Keeffe, J. (2002). Assessment of the impact
of vision impairment. Investigative Ophthalmology & Visual Science, 43(4),
927–935.
Ebert, E. M., Fine, A. M., Markowitz, J., Maguire, M. G., Starr, J. S., & Fine, S. L.
(1986). Functional vision in patients with neovascular maculopathy and
poor visual acuity. Archives of Ophthalmology, 104(7), 1009–1012. https://doi.
org/10.1001/archopht.1986.01050190067041.
Finger, R. P., Tellis, B., Crewe, J., Keeffe, J. E., Ayton, L. N., & Guymer, R. H.
(2014). Developing the impact of vision impairment-very low vision (IVI-VLV)
questionnaire as part of the LoVADA protocol. Investigative Ophthalmology
& Visual Science, 55(10), 6150–6158. https://doi.org/10.1167/iovs.14-14731.
Stelmack, J. A., Stelmack, T. R., & Massof, R. W. (2002). Measuring low-vision
rehabilitation outcomes with the NEI VFQ-25. Investigative Ophthalmology &
Visual Science, 43(9), 2859–2868.

Lange et al. Journal of Patient-Reported Outcomes

(2021) 5:7

32. Brown, J. C., Goldstein, J. E., Chan, T. L., Massof, R., & Ramulu, P. (2014).
Characterizing functional complaints in patients seeking outpatient lowvision services in the United States. Ophthalmology, 121(8), 1655–62.e1.
https://doi.org/10.1016/j.ophtha.2014.02.030.
33. Combs, R., Hall, G., Payne, K., Lowndes, J., Devery, S., Downes, S. M., …
McAllister, M. (2013). Understanding the expectations of patients with
inherited retinal dystrophies. The British Journal of Ophthalmology, 97(8),
1057–1061. https://doi.org/10.1136/bjophthalmol-2012-302911.
34. Prem Senthil, M., Khadka, J., & Pesudovs, K. (2017). Seeing through their
eyes: lived experiences of people with retinitis pigmentosa. Eye, 31(5), 741–
748. https://doi.org/10.1038/eye.2016.315.
35. Glen, F. C., & Crabb, D. P. (2015). Living with glaucoma: a qualitative study of
functional implications and patients’ coping behaviours. BMC
Ophthalmology, 15(1), 128. https://doi.org/10.1186/s12886-015-0119-7.
36. U.S. Social Security Administration. (n.d.). Disability evaluation under social
security: 2.00 special senses and speech-adult. Retrieved 3 Jan 2020, from
https://www.ssa.gov/disability/professionals/bluebook/2.00SpecialSensesandSpeech-Adult.htm.
37. Brusini, P., & Filacorda, S. (2006). Enhanced glaucoma staging system
(GSS 2) for classifying functional damage in glaucoma. Journal of
Glaucoma, 15(1), 40–46.
38. Committee on vision (1980). Recommended stardard procedures for the
clinical measurement and specification of visual acuity. Report of working
group 39. Assembly of Behavioral and Social Sciences. Washington, D.C.:
National Research Council, National Academy of Sciences.
39. Lamoureux, E. L., Pallant, J. F., Pesudovs, K., Hassell, J. B., & Keeffe, J. E. (2006).
The impact of vision impairment questionnaire: an evaluation of its
measurement properties using Rasch analysis. Investigative Ophthalmology &
Visual Science, 47(11), 4732–4741. https://doi.org/10.1167/iovs.06-0220.
40. Hays, R. D., & Morales, L. S. (2001). The RAND-36 measure of health-related
quality of life. Annals of Medicine, 33(5), 350–357. https://doi.org/10.3109/
07853890109002089.
41. Higginbottom, G. M. A. (2004). Sampling issues in qualitative research. Nurse
Researcher, 12(1), 7–19. https://doi.org/10.7748/nr2004.07.12.1.7.c5927.
42. Goldstein, J. E., Fenwick, E., Finger, R. P., Gothwal, V., Jackson, M. L.,
Lamoureux, E., … Massof, R. (2018). Calibrating the impact of vision
impairment (IVI): creation of a sample-independent visual function measure
for patient-centered outcomes research. Translational Vision Science &
Technology, 7(6), 38. https://doi.org/10.1167/tvst.7.6.38.
43. Averill, J. B. (2002). Matrix analysis as a complementary analytic strategy in
qualitative inquiry. Qualitative Health Research, 12(6), 855–866.
44. Mangione, C. M., Berry, S., Spritzer, K., et al. (1998). Identifying the content
area for the 51-item national eye institute visual function questionnaire:
results from focus groups with visually impaired persons. Archives of
Ophthalmology, 116(2), 227–233. https://doi.org/10.1001/archopht.116.2.227.
45. Fenwick, E. K., Pesudovs, K., Khadka, J., Dirani, M., Rees, G., Wong, T. Y., &
Lamoureux, E. L. (2012). The impact of diabetic retinopathy on quality of life:
qualitative findings from an item bank development project. Quality of Life
Research: an International Journal of Quality of Life Aspects of Treatment, Care
and Rehabilitation, 21(10), 1771–1782. https://doi.org/10.1007/s11136-0120110-1.
46. Kumaran, S. E., Khadka, J., Baker, R., & Pesudovs, K. (2019). Functional
limitations recognised by adults with amblyopia and strabismus in daily life:
a qualitative exploration. Ophthalmic & Physiological Optics: The Journal of
the British College of Ophthalmic Opticians (Optometrists), 39(3), 131–140.
https://doi.org/10.1111/opo.12610.
47. Szlyk, J. P., Fishman, G. A., Alexander, K. R., Revelins, B. I., Derlacki, D. J., &
Anderson, R. J. (1997). Relationship between difficulty in performing daily
activities and clinical measures of visual function in patients with retinitis
pigmentosa. Archives of Ophthalmology (Chicago, Ill.: 1960), 115(1), 53–59.
48. Latham, K., Baranian, M., Timmis, M. A., & Pardhan, S. (2015). Difficulties with
goals of the Dutch ICF activity inventory: perceptions of those with retinitis
pigmentosa and of those who support them. Investigative Ophthalmology &
Visual Science, 56(4), 2381–2391. https://doi.org/10.1167/iovs.14-16237.
49. Abe, R. Y., Diniz-Filho, A., Costa, V. P., Gracitelli, C. P. B., Baig, S., &
Medeiros, F. A. (2016). The impact of location of progressive visual field
loss on longitudinal changes in quality of life of patients with
glaucoma. Ophthalmology, 123(3), 552–557. https://doi.org/10.1016/j.
ophtha.2015.10.046.
50. Chun, Y. S., Sung, K. R., Park, C. K., Kim, H. K., Yoo, C., Kim, Y. Y., … LIGHT (Life
Quality of Glaucoma Patients Who Underwent Treatment) study of the

Page 12 of 12

51.

52.
53.

54.

55.
56.
57.

Korean Glaucoma Society (2019). Factors influencing vision-related quality
of life according to glaucoma severity. Acta Ophthalmologica, 97(2), e216–
e224. https://doi.org/10.1111/aos.13918.
Fourie, R. J. (2007). A qualitative self-study of retinitis pigmentosa. British
Journal of Visual Impairment, 25(3), 217–232. https://doi.org/10.1177/
0264619607079794.
Tilden, V. P., Nelson, C. A., & May, B. A. (1990). Use of qualitative methods to
enhance content validity. Nursing Research, 39(3), 172–175.
U.S. Department of Health and Human Services, & Food and Drug
Administration. (2009). Guidance for industry. Patient-reported outcome
measures: use in medical product development to support labeling
claims. Retrieved from http://www.fda.gov/downloads/Drugs/.../
Guidances/UCM193282.pdf.
Massof, R. W., & Stelmack, J. A. (2013). Interpretation of low-vision
rehabilitation outcome measures. Optometry and Vision Science, 90(8), 788–
798. https://doi.org/10.1097/OPX.0000000000000011.
Massof, R. W., & Rubin, G. S. (2001). Visual function assessment
questionnaires. Survey of Ophthalmology, 45(6), 531–548.
Goodale, M. A., & Milner, A. D. (1992). Separate visual pathways for
perception and action. Trends in Neurosciences, 15(1), 20–25.
Wandell, B. A., Dumoulin, S. O., & Brewer, A. A. (2007). Visual field maps
in human cortex. Neuron, 56(2), 366–383. https://doi.org/10.1016/j.
neuron.2007.10.012.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

