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ABSTRACT

Purpose: As the prevalence of age-related visual impairment increases, a greater understanding of the
physiological and cognitive capacities that are recruited during braille reading and the potential implica-
tions of age-related declines is required.

Methods: This scoping review aimed to identify and describe primary studies exploring the relationship
between tactile, motor and cognitive capacities and braille reading performance, the instruments used to
measure these capacities, and the extent to which age is considered within these investigations. English
peer-reviewed articles exploring the relationship between these capacities and braille reading perform-
ance were included. Articles were screened by two researchers, and 91% agreement was achieved
(kappa=0.84 [0.81, 0.87], p < 0.01).

Results: 2405 articles were considered of which 36 met the inclusion criteria. Fifteen investigated the
relationship between tactile capacities and braille reading performance, 25 explored motor capacities,
and 5 considered cognitive capacities. Nineteen instruments were used to measure tactile capacity, 4 for
motor dexterity, and 7 for cognitive capacity. These studies focus on younger participants and on those
who learned braille early in life.

Conclusions: Although this overview underscores the importance of tactile perception and bimanual
reading, future research is needed to explore the unique needs of older adults who learn braille later
in life.
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» IMPLICATIONS FOR REHABILITATION

e The studies in this review underscore the importance of developing both haptic tactile perception
and efficient hand reading patterns early in the braille learning process.

e Practitioners should consider whether specific pre-braille readiness activities can be used to address
the unique needs of older adults who may experience tactile, motor or cognitive declines.

e Most of the studies in this review require replication before they should serve as reliable clinical
guidelines; however, braille reading (like print) is a complex process that draws on multiple capacities
that should be developed in unison.

e The studies in this review focus heavily on younger participants and on those who learned braille
early in life, and highlight the need for future research on braille and aging.

individuals and to explore the relationship between these meas-
ures and braille reading outcomes (for example, see [7-10]).

Introduction

Tactile sensitivity, manual dexterity and cognitive capacities are

vital components of efficient braille reading [1,2]. Many of these
physiological and cognitive capacities are known to decline as
part of the typical aging process [3]. While there is a broad scope
of literature centered on braille literacy and childhood [2,4-6],
there is insufficient evidence on the extent to which age-related
declines in these capacities will effect braille reading outcomes. In
recent decades, a variety of instruments have been developed to
measure tactile, motor and cognitive capacities in blind

However, these studies are sparce and have given rise to incon-
sistent findings depending on the instruments that are used, even
when those instruments purportedly measure the same underly-
ing capacity. For example, both Bola [11] and Veispak [12,13]
explored the association between passive tactile acuity (using the
Grating Orientation Test [14]) and braille reading speed, though
Veispak observed a relationship while Bola did not. Thus far, there
is no research which describes and summarizes these findings
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within a single comprehensive review. As the prevalence of age-
related visual impairment continues to increase [15,16], there are
growing calls for research on braille and aging and for the devel-
opment of evidence-based practices that best support the needs
of older adults who pursue braille [17]. It is possible that older
adults with impaired tactile, motor or cognitive capacities may
benefit from specific pre-braille readiness activities designed to
target their unique needs [17]. Similarly, research is needed to
ensure that clinical decisions are not based upon conjecture and
overarching generalizations about aging, such as the prevailing
belief among some prospective clients and rehabilitation practi-
tioners that older adults are unable to pursue braille due to
reduced tactile sensitivity [17,18]. The objectives of this review are
to provide an overview of primary studies that explore the rela-
tionship between tactile, motor and cognitive capacities and
braille reading performance in order to consolidate available
research as a precursor to future studies that will build upon
this evidence.

The ability to read is necessary for the completion of common
daily tasks, from identifying household products to reading pre-
scriptions, documents and instructions, and is closely tied to feel-
ings of self-competence and independence for individuals who
acquire a visual impairment [19,20]. In fact, reading-related diffi-
culties are among the most common reasons for referral to low
vision rehabilitation services [21,22]. Braille, a tactile system of
reading and writing, provides a non-visual alternative to print for
those with significant or fluctuating visual impairments or for
those who have a degenerative visual condition [19]. As a literacy
medium, it provides access to spelling, punctuation and other
grammatical nuances that are often difficult to access through
auditory-based methods alone [23]. Moreover, for the growing
population of individuals with acquired dual sensory impairment
(concurrent vision and hearing loss), braille may be the only
vehicle through which communication becomes possible [24].

The reading of braille draws on the somatosensory cortex
responsible for processing tactile perception, the motor cortex for
fine movements of the fingers and hands, and much like visual
reading, the cognitive functions of memory, sustained attention,
information processing and comprehension [25]. Tactile informa-
tion is perceived by a variety of peripheral touch receptors that
transmit information from the distal pads of the fingertips to the
central nervous system. The combined information when a reader
lightly slides their fingers across a page of braille leads to the abil-
ity to discriminate braille characters [3]. Unlike print reading,
braille reading can only occur haptically, through the smooth and
constant movements of the reading hands, and disruption to
movement will necessarily impede perception [1,26]. Impairments
in one or both hands or instability stemming from degenerative
disease may consequently impede tactual perception and reading
speed [27]. Braille reading differs from print in that characters are
read sequentially as the fingers move across a line rather than
being perceived simultaneously during a single saccadic gaze.
New or less proficient braille readers must retain each successive
symbol in working memory to build a representation of the word
in question [23,28-31], initially placing a greater emphasis on
working-memory [17,32]. Conversely, more profficient or experi-
enced braille readers with greater reading fluency are able to
draw on lexical, perceptual and contextual cues to facilitate faster
reading and comprehension [33-35].

Normal aging is associated with steady declines in tactile acu-
ity, fine motor dexterity, and cognitive functions, including work-
ing-memory and sustained attention [3]. Tactile acuity of the
fingertips has been shown to decrease with age [7,36], particularly

among the sighted who lack a lifetime of tactile experience [37],
and this can be further impaired by neuropathic comorbidities
such as diabetes [25]. Declines in fine and gross motor dexterity
are also observable with advancing age. In particular, fine-motor
dexterity appears to be most affected by the aging process, grad-
ually impacting the use of fingers and hands during tasks that
require pinching, grasping or the manipulation of objects, finger
strength, or the coordinated use of the fingers and hands [38].
Similarly, gray and white matter deterioration is observable after
the fifth decade of life [39,40]. Among sighted print readers, a cor-
relation exists between degree of hippocampal shrinkage, per-
formance on memory-based tasks (such as word retention) and
overall memory decline [40]. Though the relationship between
working-memory and braille reading performance has not been
directly explored, it has been shown that age-related declines in
short-term working memory are significantly correlated with read-
ing comprehension difficulties among the sighted [41].

Although increased age is generally correlated with declines in
tactile, motor and cognitive capacities, these characteristics have
been measured using a wide range of instruments [42,43].
Moreover, tactile perception, motor dexterity and cognitive func-
tioning are broad descriptors of capacities that may refer to differ-
ent underlying components that are not directly comparable [44].
These considerations may therefore give rise to inconsistencies
among results, depending on the specific capacity that is being
assessed and the measurement instrument that is used. For
example, tactile sensation can be passively perceived (without
any movement between the stimulus and the skin) or actively
perceived (where there is movement or friction between the
stimulus and the skin), each of which activate different receptors
[43,44]. The passive 2-point discrimination test, originally pio-
neered by E.H. Weber in the mid-nineteenth century [45], is rou-
tinely employed within medical and research domains but has
been called into question due to its purportedly poor test-retest
reliability. Alternative measurements of passive tactile acuity (such
as the Grading Orientation Test) which emphasize the ability to
discern groove orientation rather than the ability to perceive two
individual points have therefore also been devised [43]. Quite
apart from the specific instrument used to measure different fac-
ets of tactile acuity, the question of whether methods used to
measure passive and active touch acuity are interchangeable
remains the subject of debate [25,43,46]. Reliance on the findings
of a single study or the use of a specific instrument may therefore
lead to uninformed clinical decisions, such as wrongly assuming
that performance on a specific measure will predict braille reading
capacity.

While congenital visual impairments were historically prevalent
[4,47], there has been a steady increase of working-age and older
adults with acquired visual impairment over recent decades. It is
projected that the prevalence of age-related visual impairment
will double in Canada and triple worldwide over the next two
decades, due to both population growth and aging [15]. This
raises critical new questions for rehabilitation practitioners, includ-
ing the need to understand how older populations and those
who learn braille later in life differ from children in underlying
mechanisms that influence their braille training outcomes, and
whether specific remedial activities or supports would enhance
their braille reading performance. For example, a report on braille
and aging compiled by Cryer [17] synthesized several existing
methods used to test and train tactile ability among adult braille
clients. Though vital in that it answered some initial questions,
this report did not include a systematic overview of all existing
primary literature and did not consider the contribution of motor



and cognitive capacities within the braille reading context.
Recognizing this, the authors concluded by explicitly emphasizing
the need to explore these themes in greater depth as a first step
towards developing methods to better support older adults who
learn braille [17].

The aims of this review are to (1) identify and describe existing
literature on the relationship between tactile, motor and cognitive
capacities and braille reading performance; (2) summarize the
range of instruments that have been used to measure these
capacities, and (3) describe the extent to which the relationship
between age and braille reading performance is considered within
these investigations. This overview will clarify the current state of
knowledge on braille and aging within a field that has tradition-
ally focused almost exclusively on braille learning in childhood
[5,48], and will set future research agendas on braille and aging
by highlighting where current knowledge gaps exist.

Methods

A scoping review [49] that summarizes all relevant primary studies
was deemed to be optimal, rather than alternative review meth-
odologies that exclude articles on the basis of sample or effect
size. Following the scoping review methodology outlined by
Arskey and O’Malley [49] and Levac, Colquhoun and O'Brien [50],
this study consisted of five separate stages, each of which is
described below. This review also complies with the methodo-
logical recommendations outlined within the Joanna Briggs
Institute manual for conducting systematic scoping reviews [51].

Stage 1: identifying the research questions
This scoping review is based on the following research questions:

1. What is known about the relationship between tactile, motor
and cognitive capacities and braille reading performance?

2.  What are the instruments that have been used to measure
these capacities?

3. To what extent is the relationship between age and braille
reading performance considered within these investigations?

The search strategy for this study was guided by the follow-
ing parameters:

Population

This review focuses on the study of participants who read braille tac-
tually with their fingers. Studies with braille readers who are
described as blind, low vision or visually impaired are included, even
if specific acuities and fields are not reported. Braille readers of any
age and any braille level are included, as long as the study in ques-
tion explores the relationship with at least one of the identified
capacities (tactile, motor or cognitive) and at least one of the braille
reading measures (reading speed, accuracy or comprehension).

Concept

e  Tactile capacity: may includes studies of passive acuity, where
a stimulus is applied to the fingertip without any movement
between the finger and the stimulus, or active (haptic) acuity,
where such movement is permitted or required (as with the
reading of braille) [42].

e  Motor capacity: may include measures of fine or gross motor
dexterity [52], as well as studies that examine the use of fin-
gers and hands and the relationship of these patterns to
braille reading outcomes [53].
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e Cognitive capacity: refers to domain-specific cognitive mecha-
nisms that are known to decline with age, such as working-
memory, sustained attention and information processing [54].
Notably, this does not include level of education, phono-
logical awareness, orthography or other literacy-based com-
petencies. We recognize the importance of prior education
and literacy experiences, but narrowed the focus of the pre-
sent investigation to the physiological and cognitive capaci-
ties that are known to decline with age.

e  Braille reading performance is divided into the following sub-
components, in line with measures usually considered when
assessing braille reading skills [2]: speed (characters or words
per minute), accuracy (number of misread characters or
words) and comprehension (understanding of the text, typic-
ally assessed through the use of comprehension questions or
methods such as the closed procedure) [2]. Studies which
examine at least one of these reading outcomes in relation
to tactile, motor or cognitive capacities were included. Both
oral and silent reading measures were deemed eligible as is
the reading of uncontracted (alphabetic) or contracted
(abbreviated) braille.

e Age: To address the final research question on the extent to
which the relationship between age and braille reading per-
formance is explored within the eligible studies, three age-
related variables are considered: chronological age, age of
onset, and age when braille was learned.

Context. No limitations were placed on geographic location or
date of publication. Only peer-reviewed articles published in
English were considered.

Stage 2: identifying relevant articles

A comprehensive search of four peer-reviewed academic data-
bases (Psycinfo, ERIC, Cochrane and PubMed) was conducted in
August 2019 and updated in July 2020, in accordance with the
Preferred Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist:
see Supplementary Material (PRISMA-ScR Checklist) for details.
Given the limited size of the research base relating to braille, the
decision was made to simply search for the word “braille” and to
rely on the inclusion criteria to narrow the analysis (see Table 1
for inclusion/exclusion criteria). Second, a manual search in the
JVIB online database was conducted in July 2020, due to the rele-
vance of this publication to the field of braille and blindness.
Given the focus on braille and blindness within JVIB, specific key
words were used to narrow the search: (keyword: “braille AND
(speed OR accuracy OR comprehension).” Finally, the reference
lists of all included articles were reviewed to ensure that no rele-
vant articles were omitted. All relevant citations and abstracts
were downloaded and imported into a Microsoft Excel worksheet.
Duplicates were flagged (based on their title and author list) with
a custom macro and then manually reviewed prior to
being removed.

Stage 3: article selection

Articles were screened by two reviewers (the first author and an
additional research assistant). Screening consisted of a two-stage
process, beginning with the screening of titles and abstracts and
finally with the review of the full texts of those articles which had
not been excluded at the first stage. Inclusion/exclusion decisions
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Table 1. Inclusion and exclusion criteria.

Inclusion criteria

Exclusion criteria

e  Studies which explore the relationship between tactile, motor and/or
cognitive capacities and braille reading performance (speed, accuracy
and/or comprehension), regardless of whether a relationship is found

e  Study samples comprised of tactual braille readers irrespective of age or
braille level, including blind participants and blindfolded sighted
participants who learned braille entirely through touch
Peer-reviewed articles published in English

e No restrictions placed on geographic location or date of publication
Any quantitative study designs that consider a correlation between
capacities and braille reading outcomes, including cross-sectional and
longitudinal studies

e Studies which explore tactile, motor or cognitive capacities but that do
not examine a correlation between these capacities and braille reading
performance

e  Studies that explore a relationship between braille reading performance
and other demographic variables (education, gender, employment level,
etc.) rather than tactile, motor or cognitive capacities;

e  Studies focused specifically on the relationship between literacy skills
rather than tactile, motor or cognitive capacities (such as orthography,
phonetics, vocabulary) and braille reading outcomes

e  Study samples comprised of sighted participants who read braille visually
Studies that explore the relationship between tactile, motor or cognitive
capacities and performance on tactile recognition tasks rather than
reading performance (such as the ability to differentiate between different
tactile symbols)

Studies not available in English

. Non-peer-reviewed materials, such as opinion pieces, literature reviews,
conference proceedings, books and dissertations

e  Secondary research not reporting on primary data or findings
Qualitative studies about braille that do not consider correlations

)
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Figure 1. PRISMA-ScR diagram showing flow of included studies.

were marked in separate files by each reviewer and then com-
pared and discussed.

Figure 1 shows the flow of article selection and number of
excluded articles at each stage of the process (including results
from both the initial search and the July 2020 update).

The search identified 2405 articles after duplicates were
removed (including 6 additional articles identified through manual
review of the reference lists of included articles). Some articles

reported on multiple studies and, where that occurred, this will
be indicated.

Titles and abstracts of an initial 250 articles were reviewed by the
two reviewers, with 83% agreement as to inclusion (Cohen's
kappa =0.76 [0.71, 0.81], p < 0.01). Differences were resolved between
the reviewers through discussion, and after screening all 2405 titles and
abstracts, 91% agreement was achieved (kappa=0.84 [0.81, 0.87],
p < 0.01). Where doubt remained about inclusion, articles were kept.



Screening of the titles and abstracts left 457 which met the cri-
teria for a full-text review. The full text of 450 of these papers
was then acquired (7 could not be obtained) and assessed against
the inclusion criteria by the two reviewers, with 83.1% agreement
achieved (kappa=0.57 [0.46, 0.68], p<0.01). It became evident
that the most common disagreement related to articles that
reported on relevant tactile, motor or cognitive capacities, but did
not actually consider any of those characteristics in the analysis.
With those articles removed, 93.2% agreement was achieved
(kappa =0.81, [0.76, 0.86], p < 0.01), and the remaining disagree-
ments were resolved through discussion between the two
reviewers, resulting in 36 articles selected for inclusion. All analy-
ses for interrater reliability were conducted using the irr [55] and
psych [56] packages from the computer program R (The R
Foundation for Statistical Computing, Vienna, Austria, ver-
sion 3.4.4).

Stage 4: charting the data

The 36 articles that met the inclusion criteria [8-12,27,57-86]
were then subject to data extraction following the guidelines out-
lined by Peters et al. [51]. The extracted data for each study are
summarized in Appendix.

Stage 5: collating, summarizing, and reporting the results

A. Descriptive numerical analysis: Numerical analysis (percent-
age, range, central tendency, variation) was computed to
describe the nature and distribution of all included studies.

B. Qualitative thematic analysis: Following the procedure for
qualitative thematic analysis outlined by Braun et al [87], the
36 included studies were coded by the two reviewers into
one of three categories according to whether they examined
tactile, motor or cognitive capacities in relation to braille
reading performance. The studies were further categorized
into subthemes to describe the underlying tactile, motor and
cognitive capacities investigated in the studies. Each reviewer
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coded the articles separately and this was then compared
through discussion, where no disagreements were observed.

Results

The 36 articles (representing 40 unique studies) that met the
inclusion criteria were published between the years of 1934 and
2019. Figure 2 depicts the number of articles published in each
decade. It can be seen that between 1954 and 1994, the number
of publications steadily increased, resulting in more than half
(58%) of the included studies published during this time frame.
Of interest, n =9 articles were published between 1984 and 1994,
making this the most prolific decade. As shown in Figure 3, the
top three represented journals were the Journal of Visual
Impairment & Blindness (n=9), Research in Developmental
Disabilities (n=4), and Neuropsychologia (n=3). Table 2 summa-
rizes the characteristics of the 36 articles (40 studies), and the
detailed data extracted is provided in Appendix.

As will be discussed, two notable characteristics of the
included studies were their sample size and the range of included
participant ages (depicted in Figure 4). The sample size for the 40
studies ranges between 6 and 73 participants (with two outliers
having n=120 and n=256 respectively, both focused on young
children). The mean sample size among the 40 studies is 37.1 (SD
= 46.8) (removing the two outliers: mean = 26.4, SD = 14.1) and
only four have n >= 50. Collectively the studies included partici-
pants between the age of 3 and 82 (mean = 30.1, SD = 14.2);
however, the average lower and upper bounds of the age groups
represented (where this information was available) were 14.3 and
40.1 respectively. Among the 32 studies that reported sufficient
information to determine the age range of participants, 32.5%
(n=13) studies included participants over the age of 60, and 25%
(h=10) included only participants below the age of 21.
Importantly, 20% (n=8) did not provide enough information to
determine the age range of participants, and a full 47.5% (n=19)
did not report the mean or median age of participants.

6 I I I

(1954 - 1964] (1964 - 1974] (1974 - 1984] (1984 - 1994] (1994 - 2004]

(2004, 2014] (2014 - 2024]

Years of Publication

Figure 2. Histogram depicting the number of published articles appearing in each decade since 1934.
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Table 2. Summary of characteristics of included studies.

Characteristic N % of Studies

Study location

United States 20 50%
Canada 3 7.5%
Holland 3 7.5%
Japan 2 5%
Belgium 1 2.5%
China 1 2.5%
England 1 2.5%
Estonia 1 2.5%
France 1 2.5%
Greece 1 2.5%
Poland 1 2.5%
Spain 1 2.5%
Nature of investigation
Cross-sectional 29 72.5%
Prospective 10 25%
Longitudinal 1 2.5%
Capacities explored
Motor 25 62.5%
Tactile 15 37.5%
Cognitive 5 12.5%
Exploring multiple capacities 6 15%
Braille reading measures explored
Speed 33 82.5%
Accuracy 14 35%
Comprehension 3 7.5%
Capacity® 3 7.5%
Exploring multiple measures 13 32.5%
Age groups represented in sample
Indeterminate® 8 20%
Children (< 10) 1 27.5%
Youth (10 —18) 20 50%
Adults (19 — 59) 16 40%
Older adults (60+) 13 32.5%

*These studies measured braille reading performance on a binary “can vs cannot
read” basis, or described reading performance as “poor/fair/very good” without
any further explanation as to the meaning of these descriptions.

PInsufficient information was provided in these studies to determine the age
range of participants.

Relationship between capacities, braille reading and
instruments used

Tactile capacities

Among the 40 studies (36 articles), 15 studies (13 articles)
explored the relationship between tactile capacity measures and
braille reading performance (Table 3). Of these, 8 studies (7
articles) examined passive (or static) acuity and 7 studies (6
articles) explored active (or haptic) acuity. In total, 19 different
instruments were used to measure tactile capacity (11 for passive
and 8 for active). Only 6 of the instruments were used in more
than one study (Grating Orientation Test, Static Two-point
Discrimination Test, Two-point Gap Discrimination Test, Nylon
Filament Test, Roughness Discrimination Test, and Legge Dot
Chart). Overall, 12 studies (10 articles) explored the relationship
between tactile capacity and reading speed, 4 studies (4 articles)
for reading accuracy, and 3 of the studies (3 articles) explored the
relationship between tactile capacity and a more general can
read/cannot read measure. None of the articles explored the rela-
tionship between tactile capacity and reading comprehension.

Motor capacities

Twenty-five of the studies (23 articles) examined motor capacities
in relation to braille reading performance, with 22 studies (20
articles) investigating reading speed, 9 studies (8 articles) examin-
ing accuracy, and 5 studies (5 articles) exploring reading compre-
hension (see Table 4). The measurement of motor capacities in
these studies relied upon the observation of fingers and hand
usage during braille reading. Among the 25 studies, 2 examine
the relationship between contact force (the amount of pressure
applied by the reading fingers) and braille reading performance; 5
focused on the use of specific fingers during braille reading; 9
focused on hand usage (left vs. right hand); and 13 focused on
the use of specific hand reading patterns (whether the hands
move together across the line or whether they employ the more
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Figure 4. Graph summarizing the age range of participants (depicted by a bar plotted against the left-hand side axis) and sample size (depicted by a dot against the
right-hand side axis) in each of the included studies. Diamonds indicate the mean age of participants within the sample.

advanced scissors technique, where one hand reads the remain-
der of the current line while the other begins reading the
next line).

Cognitive capacities

In total, 5 of the studies (reported in 5 articles) explored the cor-
relation between cognitive capacities and braille reading perform-
ance, with 5 investigating speed, 3 investigating accuracy, and 1
exploring comprehension (see Table 5). Overall, 7 instruments
were used, which fall into one of three broad categories: intelli-
gence or IQ tests; tests of processing speed (the speed at which a
participant is able to process information being perceived); and
tests relating to short-term working memory (the ability to retain
and recall information that is just perceived).

The relationship between age and reading performance

Table 6 provides an overview of the extent to which age-related
variables were considered across the 40 studies. The 11 studies
(in 10 articles) which directly explored the relationship between
age-related variables (chronological age, age of onset or braille
learning age) and braille reading performance included between
13 and 73 participants (mean 31.9, SD 16.8) ranging in age from
11 to 74 (mean 36.9, SD 9.5).

Overall, 5 of the studies (in 5 articles) explored the relationship
between chronological age and braille reading performance, with
4 examining reading speed; 0 exploring reading accuracy; 2 for
reading comprehension, and 1 exploring general braille read-
ing capacity.

In total, 5 of the studies (in 5 articles) explored the relation-
ship between age of onset and braille reading performance. All
5 explored the relationship between age of onset and reading
speed; 1 also explored reading accuracy; and 2 also explored
reading comprehension. It is impossible to provide a lower and

upper age of onset range for these studies collectively, as suffi-
cient information is not provided and different definitions of
“age of onset” are used across these studies. While some articles
provided continuous age of onset values, others simply catego-
rized participants into dichotomous groups (e.g., congenital vs.
adventitious). The specific definitions used for age of onset for
these studies are indicated in the legend found at the end of
Table 6.

In total, 3 of the studies explored the relationship between
the age at which braille was learned and braille reading perform-
ance. Of these, 2 examined braille learning age and reading
speed; 1 examined reading accuracy; 2 explored the relationship
with reading comprehension, and 1 explored the relationship
between braille learning age and general “braille reading capaci-
ty.” Note that the definition of braille learning age varied across
these 3 studies. Garcia [67] did not specifically identify the age
at which participants learned braille (except to note that partici-
pants had between 1 and 55years reading experience); Laroche
[72] divided participants into two groups (learned before age 10
and learned after age 10); and in Nakada [78], participants
had completed two years of braille rehabilitation training yield-
ing braille learning ages of between 18 and 58 (mean 42.6,
SD 10.2).

Discussion

The aim of this scoping review was to summarize the breadth
and nature of research exploring the relationship between tactile,
motor and cognitive capacities and braille reading performance,
the instruments used to measure these capacities, and the extent
to which age has been considered within these investigations.
Spanning 4 databases and 85years of published literature, this
review is noteworthy not merely for the insights it affords, but
also for heightening the discrepancies that remain. Though no
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Table 3. Tactile capacities and relationship to braille reading performance.

Instrument Speed Accuracy Capacity
Passive tests
Distinguishing between two points at various distances
Two-Point Discrimination Test (Static) N=1 N=2
Not sig=1: [10] (Study #1) Sig = 1: [78]*
Not Sig=1: [27]1¢
Two-Point Discrimination Test (Moving) N=1
Sig=1: [78]*
Identification of the presence/absence of a gap
Disk Gap Detection N=1
Sig=1: [10]* (Study #1)
Two-Point Gap Discrimination Test N=1 N=
Sig = 1: [10]* (Study #2) Sig=1: [68]®
Identification of the orientation of a stimuli on the finger
Grating Orientation Test N=3 N=2

Line Orientation
Two-Point Orientation Test

Differentiating the length of stimuli
Length Discrimination

Not sig=1: [11]

Sig = 2: [83]%; [121*

N=1

Not sig=1: [10] (Study #2)
N=1

Sig = 1: [10]* (Study #2)

N=1
Not sig = 1: [10] (Study #2)

Not sig = 2: [83], [12]

Identifying the sensation of touch or vibration
Nylon Filament Test
Vibro-Tactile Detection

Measurement of electrical impulses transmitted through the nerve
Nerve Conduction Study

Active Tests
Differentiating and categorizing based on size/shape/texture

Haptic Figure Orientation Test N=1

Not sig=1: [75]¢
Haptic Object Discrimination Test N=1

Not sig=1: [75]¢
Haptic Size Discrimination Test N=1

Not sig=1: [75]¢
Roughness Discrimination Test N=2

Sig = 1: [8]*

Not sig=1: [76]¢
Tactual Discrimination Test N=1

Sig=1: [60]*
Tactile Kinesthetic Form Discrimination Test N=1

Not sig=1: [75]¢
Determining orientation of tactile figures (logarithmically decreasing size)
Legge “Dot Chart” N=2

N=2

Sig=1: [68]®
Not sig=1: [78]
N=1

Sig=1: [68]®
N=1

Not sig=1: [27]¢

N=1
Sig = 1: [8]*

N=1
Sig = 1: [60]*

Not sig=2: [9] (Study #1); [80]

Legge “Ring Chart” N=1

Not sig=1: [9] (Study #2)

*Study found a reportedly significant relationship between the assessment and the identified reading performance metric (typically at the 0.05 level). ® Study
described the results as being “significant” but did not report statistical significance tests or results. 4 Study did not report statistical significance tests or results,

and did not describe the results as being “significant.”

restrictions were placed on year of publication, only 36 articles
(representing 40 studies) published between 1934 and 2019 were
deemed eligible. Of note, although braille reading draws on mul-
tiple capacities [1], none of the included studies explore the rela-
tionship between tactile, motor and cognitive capacities and
braille reading measures within a single sample. This may lead to
an over-simplification of the braille reading process, and the mis-
interpretation of findings which obscure the potential influence of
other confounding age-related variables. Similarly, though a wide
range of instruments has been used to measure these capacities,
most of these tools have only been employed within a single
study, highlighting the need for replication. As the prevalence of
age-related visual impairment continues to increase, there is an
evident need for research focusing on older adults and on those
who learn braille beyond childhood.

Relationship between capacities and braille reading and the
range of instruments used

Tactile capacities

It can be seen that among the 15 studies (13 articles) in Table 3,
there is a clear focus on whether passive acuity measures could
be used to predict current or future braille reading capacity. This
trend persists across the decades, with the earliest passive tactile
acuity study published in 1969 and the most recent in 2016.

The interest in passive acuity originates from the medical
domain where such tools are routinely employed to assess neuro-
logical damage, including diabetic neuropathy of the fingertips
[43]. From a clinical perspective, several authors have also high-
lighted that passive acuity instruments are often portable and
simple to administer [17]. In the static two-point discrimination



TACTILE, MOTOR AND COGNITIVE FACTORS IN BRAILLE ‘ 9

Table 4. Motor capacities and relationship to braille reading performance.

Capacity Speed Accuracy Comprehension
Contact force (pressure) N=1 N=1

Not sig=1: [71] Not sig=1: [73]¢
Hand movement patterns N=11 N=2 N=4

Sig = 10: [721%, [59]%; [63]*, [64]®, Sig=1: [81]* Not sig =4: [59,62,72] ¢, [67]

[671*%, [74] (Study #2)*, [77]*,
[85]#, [86]*, [88]*

Not sig=1: [70]4

N=10

Sig =17: [65]*%, [69]* (Study #1 and #2),
[741* (Study #1), [76]*, [82]*, [84]*

Not sig = 3: [58], [66], [77]

N=5

Sig = 3: [66]*, [69]* (Study #1), [79]* Sig = 2: [66]*, [69]* (Study #1)

Not sig =2: [76], [84] Not sig =1: [84]

*Study found a reportedly significant relationship between the assessment and the identified reading performance metric (typically at the 0.05 level). ¢ Study

described the results as being “significant” but did not report statistical significance tests or results. 4 Study did not report statistical significance tests or results,
and did not describe the results as being “significant.”

Not sig=1: [62]¢

N=6
Sig = 3: [69]* (Study #1 and #2), [84]*
Not sig = 3: [58,66,74] (Study #1)

Hand used (left/right) N=1

Not sig=1: [84]

Finger(s) used N=3 N=1

Not sig=1: [84]

Table 5. Cognitive capacities and relationship to braille reading performance.

Capacity Speed Accuracy Comprehension

Intelligence
1Q N=2
Not sig=2: [8]4, [85]

N=1

Not sig=1: [8]¢
Processing speed

Rapid automatic naming N=2

Sig=2: [12]*, [83]*

N=2

Sig=1: [83]*
Not sig=1:[12]
Short-term working memory

Braille span test N=1 N=1

Not sig=1: [61] Sig=1: [61]*
Listening span N=1 N=1

Not sig=1: [61] Sig=1: [61]*
Listening comprehension test N=1 N=1

Not sig=1: [61] Sig=1: [61]*
Speech-in-noise test N=2 N=2

Not sig =2: [12], [83] Sig = 2: [12]*, [83]*
Verbal short-term memory tests (digit span, non-word repetition) N=3 N=2 N=1

Not sig=3: [12], [61], [83] Sig = 2: [12]*, [83]* Sig=1: [61]*

*Study found a reportedly significant relationship between the assessment and the identified reading performance metric (typically at the 0.05 level). ¢ Study
described the results as being “significant” but did not report statistical significance tests or results. 4 Study did not report statistical significance tests or results,
and did not describe the results as being “significant.”

Table 6. Relationship between various measures of age and measures of braille reading performance (speed, accuracy, comprehension).

Measure of age Speed Accuracy Comprehension Capacity

Chronological age N=4 N=2 N=1
Sig=1: [61]* Sig=1: [79]¢ Sig=1: [78]*
Not sig=3: [9]e, [11], [79] Not sig = 1: [61]

Age of onset of blindness N=5 N=1 N=2
Sig =4: [801%, [611*M, [77]%, [82]*W Not sig = 1: [80] Not sig=2: [59]H, [61]H
Not sig=1: [59]H,

Age braille first learned N=2 N=1 N=2 N=1
Sig = 2: [72]*, [671* Sig=1: [72]* (when reading aloud) Not sig=2: [72]¢, [67] Sig=1: [78]*

*Study found a statistically significant relationship between the factor and the identified reading performance metric. ¢ Study described the results as being
“significant” but did not report statistical significance tests or results. 4 Study did not report detailed statistical significance test results. Bl Study distinguished only
between individuals with “adventitious” or “congenital” vision loss.

B Categorical definitions for age of onset: Chen [59]: Congenital (0-10 months), Adventitious: 1-13 years; Daneman [61]: Congenital (at birth), Adventitious: “early
childhood to middle adulthood”; Mousty [77]: Congenital (at birth), Adventitious: after birth (60% before age 6, 20% before age 10, 13% before age 11, 7% before
age 19); Oshima [80]: Early onset (0 to 3), Late onset: 6-52; Sampaio [82]: Birth (0), Early childhood: 1.5-6.

test, for example, the points of the calipers are applied to the pad
of the stationary finger at different distances from each other, in
order to determine the minimal distance at which the participant
is able to distinguish the presence of one or two points [10].
Given that the center-to-center distance between dots in the
standard braille cell is approximately 2.28 mm [9], it is unsurpris-
ing that researchers would contemplate whether 2-point

threshold measures could be used to predict braille reading abil-
ity or whether individuals with a 2-point threshold above 2.28 mm
would find it difficult to read standard braille [27,68,78].

Despite these considerations, the studies in this review differ
drastically in the extent to which a relationship between passive
acuity and braille reading performance is reported. Among the
two most commonly used passive acuity tests within this review
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(two-point and Grating Orientation), two-point is only related to
braille reading performance in 1 of 3 studies, and Grating
Orientation in 2 of the 3 studies. These inconsistent findings par-
tially stem from the fact that although the Grating Orientation
Test has been found to be a reliable measure of passive tactile
perception [42], the two-point discrimination test depends heavily
on the examiner’s ability to maintain consistent force with both
points across all trials, and is associated with poor test-retest reli-
ability [42,89]. Importantly, it is also difficult to draw specific com-
parisons across these passive acuity studies, as sufficient
demographic information (such as previous braille experience) is
not always available, and 3 of the passive acuity studies simply
evaluate braille reading performance using a subjective, qualita-
tive scale (cannot read/can read with difficulty/can read well)
without specific information about reading rate, accuracy or com-
prehension [27,68,78].

Several authors have also highlighted that passive acuity meas-
ures reveal little about activities that draw on active tactile per-
ception [17], leading to an interest in active acuity measures.
Indeed, the focus on passive acuity seems counterintuitive given
that braille reading is impaired when the fingers remain static or
when ineffective movements (such as vertical scrubbing) are
employed [2,53,90]. Braille reading activates the nerve endings of
sensory receptors, but also the muscles, joints and tendons of the
fingers, hands, wrists, arms and shoulders [2,44,53]. Moreover,
active tactile perception provides greater control to the partici-
pant over the stimulus being perceived and enables the use of
strategies to move across symbols more effectively [9,17].

While there is no doubt that proficient braille reading requires
the ability to actively perceive tactile symbols, there are 8 differ-
ent active acuity instruments used across the studies in this
review and only two (Roughness Discrimination Test and Legge
Dot Chart) are used in more than one study. Of interest, the
Legge Dot Chart is a tactile analogue to the Snellen chart used to
measure the threshold of visual perception among the sighted,
but is not related to braille reading speed in either of the two
studies where it is used [9,80]. This tactile chart consists of nine
lines of four randomly presented braille-like symbols (correspond-
ing to the letters d, f, h, and j) where the distance between the
dots in each symbol decreases logarithmically from one line to
the next. Though it can be seen that blind subjects outperformed
sighted age-matched subjects in Legge’s study [9], no relationship
between active acuity threshold and braille reading speed (using
a braille version of the MN Read) is reported. Of relevance is that
the blind participants in this study were all experienced braille
readers with early blindness and with active acuity thresholds
well below the 2.28 mm distance required for braille reading [9].
As with visual reading, it may be that further increases in acuity
do not accord any additional advantage to reading speed when
the acuity is already below the threshold required for successful
reading [9]. It is possible that a more significant relationship
between speed and acuity measures might be observed among
late blind participants and among those whose tactile acuities are
closer to the 2.28 mm braille threshold.

Motor capacities

A majority of the studies in this review are devoted to the motor
capacities recruited during braille reading, with 25 studies (22
articles) falling within this domain (see Table 4). Of interest, this
research focuses heavily on observations of finger and hand
usage during braille reading, rather than on underlying measures
of fine or gross motor capacities that may decline with age.

Several of the earliest studies examined whether the use of
specific fingers correlate with better braille reading outcomes, and
confirm the superiority of the index fingers for tactile perception
[43]. Foulke [66] tested braille reading speed on 8 separate fingers
for each participant (all but the two thumbs) and found that per-
formance was best on the index fingers of both hands. This is
unsurprising given that the index fingers contain the greatest
density of sensory receptors (much like the fovea of the eye) and
the number of these receptors gradually declines with each digit
[44]. While the superiority of the index fingers for tactile percep-
tion is undisputed, it is now also recognized that multiple fingers
are often recruited during the braille reading process [2]. Even if
the index fingers are the most dominant, students are often
encouraged to perceive the braille reading line with multiple fin-
gers as this can facilitate reading by confirming what is being
processed [2,76]. From an aging perspective, it is possible that
readers with damage or disease in the index fingers may develop
a preference for relying more heavily on alternative fingers during
braille reading and especially benefit from the use of multiple fin-
gers where tactile perception is impaired, contributing to cortical
magnification in the preferred reading fingers [27,44]. As such,
studies that test braille reading without taking into account pre-
ferred reading fingers and habits may not provide a realistic
measure of reading performance in such cases.

Much of the motor literature focuses heavily on hand domin-
ance and hand reading patterns, and the question of whether the
left or right hand is best for braille reading. Several studies from
the 1970s and 1980s are premised on evidence suggesting that
sighted participants who are unfamiliar with braille recruit the
right hemisphere during braille reading (believed to be respon-
sible for spatial processing) and will therefore perform best when
using the left hand. Alternatively, it was believed that experienced
braille readers show a right hand dominance because they recog-
nize braille symbols for their linguistic properties and in turn
reveal a left hemispheric superiority [58,69,82]. Despite the appeal
of arguments based on cortical asymmetry, these studies result in
inconsistent findings and confirmed that there is no universally
best hand for braille reading. Instead, multiple parts of the cortex
(including the occipital cortex) are recruited during the braille
reading process, and two-handed reading is associated with faster
reading rates [53].

A total of 13 studies in this review explore the influence of
specific hand reading patterns. These patterns are typically cate-
gorized as one-handed reading, where either the left or right
hand is used alone; two-handed reading where both hands move
together with the index fingers spaced slightly apart from each
other; and disjointed reading whereby the two hands read
together until the midpoint, after which the right hand reads the
remainder of the line while the left hand moves diagonally to
locate the start of the following line [1]. The latter pattern is virtu-
ally always associated with the fastest reading rates, owing in part
to the time saved in transitioning from one line to the next [57].
There is considerable evidence that when two hands are used col-
laboratively, each hand is independently contributing to the read-
ing process. Mommers, for example, observed that when both
hands are used, the left hand is used to confirm what has just
been read with the right, and in some cases even regresses to re-
read passages for confirmation while the right hand continues
reading ahead [76]. It has likewise been observed that where
large disparities exist between the performance of the left and
right hand individually for a particular subject, this disparity limits
the potential two-handed reading performance [77].



While two-handed reading is associated with faster reading
rates, Wormsley [53] underscores that even where readers use
advanced two-handed reading techniques, reading rates do not
necessarily improve where tactile recognition skills are deficient
[53]. Indeed, poor tactile perception may adversely affect hand
reading strategies [71]. These considerations raise the limitations
of studies that examine motor capacities in isolation from other
factors (such as tactile perception) that may influence overall
braille reading rates. Of interest is that, in this review, only the
study by Mommers [75] included both measures of tactile percep-
tion and motor capacities within the same sample.

Finally, it is well established that motor dexterity, and particu-
larly fine motor skills, declines as a result of the normal aging pro-
cess and may carry additional consequences that should be
considered within the training context [26,38,90]. Though manual
dexterity training has led to performance gains among older
sighted adults, the degree to which such gains are possible
appears to depend on the complexity of the task [38].
Importantly, none of the studies in this review measure fine
motor dexterity or whether age-related changes may influence
the hand movements which support braille reading.

Cognitive capacities

In total, 5 of the articles (representing 5 studies) in this review dir-
ectly explore the relationship between cognitive capacities and
braille reading performance (see Table 5). Most of these studies
explore the influence of short-term working memory on braille
reading outcomes, with a total of 4 studies falling within this
domain. Despite an evident relationship between working mem-
ory and aspects of braille reading performance, the studies in this
review employ a wide range of working memory instruments
including those which require the completion of auditory or
braille reading span tasks, but none specifically evaluated tactile
short-term working memory. While this is not inconsistent with
research on sighted readers (where measures of listening compre-
hension have been shown to be associated with reading compre-
hension ability, for example [61]), care must be taken when using
such measures to ensure that other impairments (such as undiag-
nosed hearing loss) are not confounding results. Furthermore,
assessing braille reading performance against a task which itself
requires the reading of braille (in the case of “braille span” meas-
ures [61], for example) will potentially disadvantage those with
poor braille skills who may read slower and who experience
greater cognitive load during reading. Instruments such as the
one described in Papagno et al. [91] may be worth further explor-
ation as a method for better isolating tactile short-term working
memory performance from the potential influence of read-
ing ability.

Prior research also highlights the need to assess comprehen-
sion independently of short-term working memory. Of interest,
these cognitive aspects are not considered within the studies of
this review, save for Daneman [61] where a comprehension moni-
toring exercise was proposed to permit assessment of compre-
hension even in the presence of degraded short-term working
memory. These factors are important to control in future research
particularly given that cognitive processing errors common
among older adults may be masked by apparent poor perform-
ance on other measures (such as tactile acuity assessments) [92].

Consideration of age

It is apparent that, although the studies in this review examine
different aspects of braille reading performance, this research
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focuses heavily on younger readers and on those who learn
braille early in childhood. Of the 40 studies, only 13 include par-
ticipants who are above the age of 60, most of whom learned
braille early in life. Moreover, where braille learning age is directly
explored in relation to reading performance measures, insufficient
information is often available. For example, Laroche [72] merely
divides participants between those who learn before and after
the age of 10. This limits the degree to which results can be
meaningfully interpreted, given that the abilities of adults differ
drastically from those in older adulthood who experience greater
age-related declines [3]. Though it is understood that the typical
aging process contributes to declines in tactile, motor and cogni-
tive capacities [3], evidence also indicates that individuals with
extensive tactile exposure and practice maintain tactile perception
abilities as they age [9]. For these reasons, the chronological age
of participants should not be examined in isolation from their
braille learning age or frequency of braille usage. Despite these
considerations, none of the studies in this review consider these
age-related variables in unison.

Limitation and weaknesses of this study

This is the first study to synthesize primary research on the rela-
tionship between physiological and cognitive capacities and
braille reading performance. It is possible that some relevant
articles have been omitted if the titles and abstracts did not
clearly map onto the inclusion criteria. We limited our search to
four academic databases, and on peer-reviewed articles published
in English. Nonetheless, we conducted a manual search through
the Journal of Visual Impairment and Blindness and through the
reference lists of all included articles, and placed no restrictions
on date of publication.

Second, as with other scoping reviews, this overview does not
aggregate research findings nor eliminate studies on the basis of
quality, sample size and effect size. Given the low prevalence of
blindness which often contributes to smaller sample sizes, it was
believed that a meta-analysis would significantly restrict the scope
of research considered. Future studies are needed to build upon
this knowledge base and to assess the reliability of specific meas-
urement instruments.

Third, we restricted this review to the physiological and cogni-
tive capacities known to decline with age. Importantly, we did
not consider external factors which may further influence the
braille learning experience. Research points to a persistent short-
age of specialized teachers who serve blind children, and access
to rehabilitation services for adults may be constrained by geo-
graphic location, funding programs and restrictive eligibility crite-
ria [18]. Future research is needed to explore the facilitators and
barriers encountered by adults and seniors who pursue braille
training, in order to understand the influence of external factors
on the adult braille learning process.

Conclusion

Collectively, the studies in this review underscore the importance
of developing tactile perception and efficient hand reading strat-
egies throughout the learning process. However, they do not dir-
ectly explore the potential influence of age-related declines in
fine-motor and short-term working memory. Moreover, this
research focuses heavily on younger participants and on individu-
als who learned braille early in life. As rehabilitation practitioners
encounter a growing number of older adults with acquired visual
impairments, it will be vital to understand how the aging process
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may uniquely shape their braille learning experiences. This con-
text would highlight where areas of difficulties may exist, and
what specific remedial activities will help to support the success
of older clients who are served.

Acknowledgments

The authors would like to thank Research Assistants Camille
Demers, Meaghan Barlow and Fatima Tangkhpanya who assisted
with locating and retrieving articles, formatting, and referencing
in the manuscript. We thank Atul Jaiswal for his guidance on con-
ducting scoping reviews.

Disclosure statement

The authors report no conflicts of interest.

Funding

This research was supported by funding from CNIB (Ross C. Purse
Doctoral Fellowship), Fonds de Recherche du Québec - Santé
[32305 and 281454], and Mitacs [Accelerate Doctoral Fellowship
No. IT12662].

ORCID

Natalina Martiniello http://orcid.org/0000-0002-2739-8608
Walter Wittich http://orcid.org/0000-0003-2184-6139

Data availability statement

The authors confirm that the data supporting the findings of this
study are available within the article. Readers interested in access-
ing our selected articles for specific purposes related to their
respective research are invited to do so by contacting the corre-
sponding author through the provided email address.

References

[11  Kusajima T. Visual reading and braille reading: an experi-
mental investigation of the physiology and psychology of
visual and tactual reading. New York (NY): American
Foundation of the Blind; 1974.

[2 Wormsley DP, D’Andrea FM. Instructional strategies for
braille literacy. New York (NY): American Foundation for
the Blind; 1997.

[31 Kandel ER, Schwartz JH, Jessell TM, et al. Principles of
neural science. New York (NY): McGraw Hill; 2013.

[4] Holbrook MC, McCarthy T, Kamei-Hannan C. Foundations of
education: volume I: history and theory of teaching chil-
dren and youths with visual impairments. 3rd ed. New
York (NY): AFB Press; 2017.

[5] Ferrell KA, Mason L, Young J, et al. Forty years of literacy
research in blindness and visual impairment. Greeley (CO):
University of Northern Colorado; 2006.

[6] Steinman BA, Leleune B, Kimbrough B. Developmental
stages of reading processes in children who are blind and
sighted. J Vis Impair Blind. 2006;100:36-46.

[71 Goldreich D, Kanics IM. Performance of blind and sighted
humans on a tactile grating detection task. Percept
Psychophys. 2006;68:1363-1371.

o]

(11l

[12]

[13]

[14]

[15]

(16l

[17]

[18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Nolan CY, Morris JE. Development and validation of the
Roughness Discrimination Test. Int J Educ Blind. 1965;15:
1-6.

Legge GE, Madison CM, Vaughn BN, et al. Retention of
high tactile acuity throughout the life span in blindness.
Percept Psychophys. 2008;70:1471-1488.

Stevens JC, Foulke E, Patterson MQ. Tactile acuity, aging,
and braille reading in long-term blindness. J Exp Psychol
Appl. 1996;2:91-106.

Bola L, Siuda-Krzywicka K, Paplinska M, et al. Braille in the
sighted: teaching tactile reading to sighted adults. PLoS
One. 2016;11:e0153394.

Veispak A, Boets B, Ghesquiére P. Differential cognitive and
perceptual correlates of print reading versus braille read-
ing. Res Dev Disabil. 2013;34:372-385.

Veispak A, Boets B, Ghesquiere P. Parallel versus sequential
processing in print and braille reading. Res Dev Disabil.
2012;33:2153-2163.

Van Boven RW, Johnson KO. The limit of tactile spatial
resolution in humans: grating orientation discrimination at
the lip, tongue, and finger. Neurology. 1994;44:2361-2361.
Varma R, Vajaranant T, Burkemper B. Visual impairment
and blindness in adults in the United States: Demographic
and geographic variations from 2015 to 2050. J Am Med
Assoc Opthalmol. 2016;134:802-809.

Cruess AF, Gordon KD, Bellan L, et al. The cost of vision
loss in Canada. 2. Results. Can J Ophthalmol. 2011;46:
315-318.

Cryer H, Home S. Final report: feasibility of developing a
diagnostic touch test to determine braille reading poten-
tial. Birmingham (UK): RNIB Centre for Accessible
Information; 2011.

Ponchillia PE, Durant PA. Teaching behaviors and attitudes
of braille instructors in adult rehabilitation centers. J Vis
Impair Blind. 1995;89:432-439.

Ponchillia PE, Ponchillia SV. Foundations of rehabilitation
teaching with persons who are blind or visually impaired.
New York (NY): American Foundation for the Blind; 1996.
Schroeder FK. Perceptions of braille usage by legally blind
adults. J Vis Impair Blind. 1996;90:210-218.

Rubin GS. Measuring reading performance. Vision Res.
2013;90:43-51.

Brown JC, Goldstein JE, Chan TL, et al. Characterizing func-
tional complaints in patients seeking outpatient low-vision
services in the United States. Ophthalmology. 2014;121:
1655-1662.

Rex E, Koenig A, Wormsley D, et al. Foundations of braille
literacy. New York (NY): American Foundation for the Blind;
1995.

Ozioko O, Hersh MA, editors. Development of a portable
two-way communication and information device for deaf-
blind people. Proceedings of the 13th AAATE Conference;
2015 Sep 9-12; Budapest, Hungary; 2015.

Heller KW, D'Andrea FM, Forney PE. Determining reading
and writing media for individuals with visual and physical
impairments. J Vis Impair Blind. 1998;92:162-175.

Hughes B. Movement kinematics of the braille-reading fin-
ger. J Vis Impair Blind. 2011;105:370-381.

Bernbaum M, Albert SG, McGarry JD. Diabetic neuropathy
and braille ability. Arch Neurol. 1989;46:1179-1181.

Hall AD, Newman SE. Braille learning: relative importance
of seven variables. Appl Cognit Psychol. 1987;1:133-141.



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]
[50]

[51]

Hannan CK. Review of research: neuroscience and the
impact of brain plasticity on braille reading. J Vis Impair
Blind. 2006;100:397-413.

Knowlton M, Wetzel R. Braille reading rates as a function of
reading tasks. J Vis Impair Blind. 1996;90:227-236.

Nolan CY, Kederis JC. Perceptual factors in braille word rec-
ognition (research series no. 20). New York (NY): American
Foundation for the Blind; 1969.

Bopp KL, Verhaeghen P. Aging and verbal memory span: a
meta-analysis. J Gerontol B Psychol Sci Soc Sci. 2005;60:
P223-P233.

Millar S. Perceptual and task factors in fluent braille.
Perception. 1987;16:521-536.

Argyropoulos V, Papadimitriou V. Braille reading accuracy
of students who are visually impaired: the effects of gen-
der, age at vision loss, and level of education. J Vis Impair
Blind. 2015;109:107-118.

Simon C, Huertas JC. How blind readers perceive and
gather information written in braille. J Vis Impair Blind.
1998;92:322-330.

Stevens JC. Aging and spatial acuity of touch. J Gerontol.
1992;47:P35- 40.

Goldreich D, Kanics IM. Tactile acuity is enhanced in blind-
ness. J Neurosci. 2003;Apr 1523:3439-3445.
Voelcker-Rehage C. Motor-skill learning in older adults — a
review of studies on age-related differences. Eur Rev Aging
Phys Act. 2008;5:5-16.

Gunning-Dixon F, Brickman AM, Cheng JC, et al. Aging of
cerebral white matter: a review of MRI findings. Int J
Geriatr Psychiatry. 2009;24:109-117.

Persson J, Pudas S, Lind J, et al. Longitudinal structure-
function correlates in elderly reveal MTL dysfunction with
cognitive decline. Cereb Cortex. 2012;22:2297-2304.

Siegel L. Working memory and reading: a life-span perspec-
tive. Int J Behav Dev. 1994;17:109-124.

Bruns P, Camargo CJ, Campanella H, et al. Tactile acuity
charts: a reliable measure of spatial acuity. PLoS One. 2014;
9:e87384.

Foulke E. Reading braille. In: Schiff W, Foulke E, editors.
Tactual perception: a sourcebook. New York (NY):
Cambridge University Press; 1982. p. 168-208.

Heller MA, Gentaz E. Psychology of touch and blindness.
New York (NY): Psychology Press; 2013.

Weber EH. Weber on the tactile senses. 2nd ed. Erlbaum
(UK): Taylor & Francis, Publ; 1996. (Ross HE, Murray DJ,
editors).

Schwartz AS, Perey AJ, Azulay A. Further analysis of active
and passive touch in pattern discrimination. Bull Psychon
Soc. 1975;6:7-9.

Corn AL, Lusk KE. Perspectives on Low Vision (Chapter 1).
In: Corn AL, Erin JN, editors. Foundations of low vision: clin-
ical and functional perspectives. New York (NY): American
Foundation for the Blind; 2010. p. 3-34.

Dixon J, editor. Braille into the next milennium.
Washington (DC): National Library Service for the Blind and
Physically Handicapped; 2000.

Arksey H, O'Malley L. Scoping studies: towards a methodo-
logical framework. Int J Soc Res. 2005;8:19-32.

Levac D, Colquhoun H, O'Brien KK. Scoping studies:
advancing the methodology. Implement Sci. 2010;5:69.
Peters MD, Godfrey CM, Khalil H, et al. Guidance for con-
ducting systematic scoping reviews. Int J Evid Based
Healthc. 2015;13:141-146.

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

TACTILE, MOTOR AND COGNITIVE FACTORS IN BRAILLE @ 13

Tiffin J, Asher EJ. The Purdue pegboard; norms and studies
of reliability and validity. J Appl Psychol. 1948;32:234-247.
Wormsley DP. Hand movement training in braille reading.
J Vis Impair Blind. 1981;75:327-331.

Murman DL. The impact of age on cognition. Semin Hear.
2015;36:111-121.

Gamer M, Lemon J, Fellows |, et al. Package ’irr": various
coefficients of interrater reliability and agreement (version
0.84). 2012.

Revelle W. Package 'psych’: procedures for psychological,
psychometric, and personality research (version 1.7.8).
2017.

Bertelson P, Mousty P, D’Alimonte G. A study of braille
reading: 2. Patterns of hand activity in one-handed and
two-handed reading. Q J Exp Psychol A. 1985;37:235-256.
Bradshaw JL, Nettleton NC, Spehr K. Braille reading and left
and right hemispace. Neuropsychologia. 1982;20:493-500.
Chen X, Liang L, Lu M, et al. The effects of reading mode
and braille reading patterns on braille reading speed and
comprehension: A study of students with visual impair-
ments in China. Res Dev Disabil. 2019;91:103424.

Clegg GD. A study of the Tactual Discrimination Test for
measuring tactual ability of the visually handicapped.
Research Bulletin No. 25 - January 1973. New York (NY):
The American Foundation for the Blind; 1973. p. 259-260.
Daneman M. How reading braille is both like and unlike
reading print. Mem Cognit. 1988;16:497-504.

Davidson PW, Wiles-Kettenmann M, Haber RN, et al.
Relationship between hand movements, reading compe-
tence and passage difficulty in braille reading.
Neuropsychologia. 1980;18:629-635.

Davidson PW, Appelle S, Haber RN. Haptic scanning of
braille cells by low- and high-proficiency blind readers. Res
Dev Disabil. 1992;13:99-111.

Fertsch P. An analysis of braille reading. Outlook Blind
Teach Forum. 1946;40:128-131.

Fertsch P. Hand dominance in reading braille. Am J
Psychol. 1947;60:335-349.

Foulke E. Transfer of a complex perceptual skill. Percept
Mot Skills. 1964;18:733-740.

Garcia LG. Assessment of text reading comprehension by
Spanish-speaking blind persons. Br J Vis Impair. 2004;22:
4-12.

Heinrichs R, Moorhouse J. Touch-perception thresholds in
blind diabetic subjects in relation to the reading of Braille
type. N Engl J Med. 1969;280:72-75.

Hermelin B, O’Connor N. Functional asymmetry in the read-
ing of Braille. Neuropsychologia. 1971;9:431-435.

Hislop DW, Zuber BL, Trimble JL. Text-scanning patterns of
blind readers using Optacon and braille. J Rehabil Res Dev.
1985;22:54-65.

Holland BF. Speed and pressure factors in braille reading. J
Vis Impair Blind. 1934;28:13-17.

Laroche L, Boulé J, Wittich W. Reading speed of contracted
French braille. J Vis Impair Blind. 2012;106:37-42.

Loomis JM. Tactile recognition of raised characters: a para-
metric study. Bull Psychon Soc. 1985;23:18-20.

Millar S. Is there a “best hand” for braille? Cortex. 1984;20:
75-87.

Mommers MJC. Braille reading: factors affecting achieve-
ment of Dutch elementary school children. J Vis Impair
Blind. 1976;70:332-340.



14 (&) N. MARTINIELLO AND W. WITTICH

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Mommers MJC. Braille reading: effects of different hand
and finger usage. J Vis Impair Blind. 1980;74:338-343.
Mousty P, Bertelson P. A study of braille reading: 1.
Reading speed as a function of hand usage and context. Q
J Exp Psychol A. 1985;37:217-233.

Nakada M, Dellon L. Relationship between sensibility and abil-
ity to read braille in diabetics. Microsurgery. 1989;10:138-141.
Olson M, Harlow SD, Williams J. Rapid reading in braille
and large print: an examination of McBride’s procedures. J
Vis Impair Blind. 1975;69:392-395.

Oshima K, Arai T, Ichihara S, et al. Tactile sensitivity and
braille reading in people with early blindness and late
blindness. J Vis Impair Blind. 2014;108:122-131.
Papadimitriou V, Argyropoulos V. The effect of hand move-
ments on braille reading accuracy. Int J Educ Res. 2017;85:
43-50.

Sampaio E, Philip J. Influences of age at onset of blindness
on braille reading performances with left and right hands.
Percept Mot Skills. 1995;81:131-141.

Veispak A, Boets B, Mannamaa M, et al. Probing the per-
ceptual and cognitive underpinnings of braille reading. An
Estonian population study. Res Dev Disabil. 2012;33:
1366-1379.

Wilkinson JM, Carr TH. Strategic hand use preferences and
hemispheric specialization in tactual reading: impact of the
demands of perceptual encoding. Brain Lang. 1987;32:97-123.
Wormsley DP. Reading rates of young braille-reading chil-
dren. J Vis Impair Blind. 1996;90:278-282.

[86]

[87]

[88]

[89]

[90]

[91]

[92]

Wright T, Wormsley DP, Kamei-Hannan C. Hand movements
and braille reading efficiency: data from the Alphabetic
Braille and Contracted Braille Study. J Vis Impair Blind.
2009;103:649-661.

Braun V, Clarke V. Thematic analysis. In: Cooper H, Camic
PM, Long DL, et al., editors. APA handbook of research
methods in psychology. Volume 2. Research designs: quan-
titative, qualitative, neuropsychological, and biological. APA
handbooks in psychology®. Washington (DC): American
Psychological Association; 2012. p. 57-71.

Bertelson P. Language by touch: the case of braille reading.
In: de Gelder B, Morais J, editors. Speech and reading: a
comparative approach. Erlbaum (UK): Taylor & Francis;
1995. p. 91-108.

Golub DB. A model of successful work experience for
employees who are visually impaired: the results of a
study. J Vis Impair Blind. 2006;100:715-725.

Lorimer P. Hand techniques in reading braille; synthesis of
spatial and verbal elements of reading. Br J Vis Impair.
2002;20:76-79.

Papagno C, Minniti G, Mattavelli GC, et al. Tactile short-
term memory in sensory-deprived individuals. Exp Brain
Res. 2017;235:471-480.

Daneman M, Carpenter PA. Individual differences in work-
ing memory and reading. J Verbal Learning Verbal Behav.
1980;19:450-466.



TACTILE, MOTOR AND COGNITIVE FACTORS IN BRAILLE 15

(panunuod)

91es buipeas Jou Inq (L0070 >d
‘99'0 =) ueds bujuaisi| pue
‘(1000 > d '¥9:0=4) ueds 3jjieiq
“(10°0 > d ‘6t'0 =4) uoisuayaidwod
BuluRISI| YyUMm pajeposse
Apuediyubis uoisuayaidwod Huipeay

(1000=4d ‘550 =1) Bupjuel

fuapyoud 3)jieiq yum pajenosse
1@L 03 asuodsal 123.410) :Adeinddy

(100=d ‘29:0=1) bupjues

fusyoud 3)jieiq yum palenosse
141 219|dwod 03 swi] :paads

(010 < d) uoisusyaidwiod

Buipeal 4o (0L°0 < d)

paads buipeas 01 pajejal jou
ssaupul|q [eNuabuOod SA SNONNUIAPY

*(50°0 < d) usaned buipeas jo 1ayd

utew oN ‘(z900 = U ‘500 >d

'0€'y = (59 ‘1)4) uoisusyaidwod

19119q 03 buipes| buipeas

1U3|IS YUM ‘spow buipeai Joy
1299 ulew edIubIS :uoisusyaidwio)

“(Lo10 = Ju ‘6s00=d

‘2097 = (59 ‘€)4) swianed

puey Joj 1293 ulew ,uediubis

Ajjeuibaen, ‘(k61'0 = U ‘1000 >d

'959°GL = (59 ‘1)4) 42158y Buraq

Buipeas wajis yum ‘apow buipeas
10§ 12943 ulew Juedyubis ;paads

00<d 7L =

(LL “1)4 :(qou 10 Apoq ssoud) uomisod
puey 10 pasn puey jo 13j)d ON

szo<d’Llo =

(£2)4 :paads buipeas pue juedpiued
Jo 9be U3IMIDQ UOIIR[1I0D ON

'907°0=4d ‘Sz0— = (9¢M

:paads Buipeas pue pjoysaiyl Aunde

9)|leiq pajdeIIu0d
- (spiom
1X31U0D-J0-1n0 AJ1Usp!
0} pue ‘uoisuayaidwod
10y Buipeal)

as01d YN Anjepoy

(s101dnAIsUL )jeIq
payuad Juapuadapul
om} Aq pabpn(

pue payuel) s1an3|
3||ieiq Jo uoneUIWLDSIA

“Y'N Aujepop

BuiApnis ‘pnojy pue jud)is

3||leiq paresyuodun
- (slueuosuod

/SI9MOA ‘SpIoM-Uou
/spiom ‘saweu |11b6/Koq

40 s1s1|) Buluueds uajis

3)|leiq pajesuoduUN
— uonubodal

(wdm) pasds

{(pa12313p SI0MD IO

129100 suonsanb
40 #) foeuny

(s19113] 9z1ub0d31
0} Ayjiqe) Aeinddy

(suonsanb 1231100

J0

%) uolsuayaidwo)
{(wdm) paads

(swn Buipea) paads

ueds bujualsi ‘ueds
9)|leag ‘uoisuayasdwiod
Buiuaisi :2ARIUBOD

(1s31 uoneulwudsiq
3|1oey)
Aunoe 3)de] :jenydaniad

(uoneuiwexa

03pIA) suidied

buipeas pue buipeas
10} pazi|in spuey :10Jop

(Apoq ayy ssoie pue
40 1u0yy ul) Buipeas
10} pazijiin spueH :I0JON

(L0D) Aunde

(LE = W) 65-€C :9bues 36y

le=u

Jpullq Ajjebay, e ‘gs=u

SNOI}IUSAPE
GZ ‘|enuabuod gy
¥ 9JewaS
6t 91eW

(L1'T=aS 687l =W)
80'7¢-Ty'LL dbues aby
€L=Uu

9= :3Jewa4
9=u 3N
/G-87 abues aby
L=u

97 = U :3|ewd
€=U eI ‘LT =UPW
‘6% abues aby

Kiowaw buryiom

pue ‘uoisuayaidwod
Bujuaisi) ‘a)jieaq
usamiaq diysuolie|as
91enjeAd 0} :wly ‘Apnis

|euondas-ssol) :ubisaq

s1a1deIRYD B||lRIg
Buowe yeujwiLdsIp
03 Aujiqe spipaid
153] uoneulwLdSIq
31198 3y} JAYI_BYM
a1en(eAg :wiy ‘Apnis

|eu013s-550.) :ubISaQ

uolsuayaidwod

pue paads

Buipeas uo apow
Buipeas pue susaned
puey jo 1edwi
aujwex3 :wiry ‘Apnis

|euoidas-ssol) ubisaq

swisiueydaw buissadoid
JueWaIS

pue |edi6ojouoyd
ssassy ‘buipeas

3|jieaq ur s13(gns puiq
jo fAyiouadns puey
-1y3] 159 swiy ‘Apnis

Jeuodas-ssol) :ubisaq

synpe payybis

10} 95In0>

Buipeas 3|jieiq jo
$S920NS d1eNn|eAd :wiy

yst|buz/epeue)

ysibu3/ysn

asaulyd
uowwo))

asaulyd/euly)

ysibua/ysn

8861/uonubod

5 Kloway [19] uewsaueq

€/61/und|Iing

pIeasay g4y [09] BB3]D

6L0z/sam!
|equswdojarsg
ul Yyasleasay [65] "le 38 uayd
86l (851 12 3

/e1bojoydAsdoinan Meyspeig

9]1198) [ 0D UIMIDQ UOIIR[1I0D ON piom/ia1deiey) ‘pnojy (wdm) paads 9|oe] :jenidadiad 6C=U ‘leu aAndadsoud :ubiseq ysijod/puejod 910Z/ANO SOT1d [LL] '|e 19 ejog
3||ledq paidenuodun
— (Klsnoaueynwis
(L000=d ‘¢L0— spuey omy buipeas uaym
= J3y1ab01 sa Ajs1esedss YUM pue ‘puey suo (uoneuiwexs Sew 6L — pasn sjuswaAowW
spuey oml yum J) buipeas jo paads Y}M) SPIOM pajquuesds 03pIA) suidnied dlew?dy ¢ — puey aulwexy :wiy 6861 /A60j0YydAsd
Yam paiejauiod Ajbuons ase (spuey pue ‘suoiewixoidde buipeas pue buipeas $9-8| abues aby ‘sisf|jeue d1jewsa)sAs |ejuawadxy Jo [£6] e 1
OM] SA puey auo) suialled Buipeay |ednsiels ‘asold ‘pnoly  (dwil Buipeas) pasds 4oy pazijnn spueH :1olop yg=u |euondas-ssol) :ubisaq ysiibuisysn  [euinor Apauend syl uos|auag
6= U ¥ewaS —
y=U e\ —
(L—=/+95=w
(pauodal saskjeue Auo 3|jieiq ‘el =u) || adA] sa1aqeiq syuaned snagelp
|ednsiels ou) salyedoinau dnagelp oqunr Buipeal, (Apn1s uondnpuod €1 =U :3ewa] — ur suoneuw|
umouy yum syuaned buowe 10 ,‘s|qedeoul SMIBU + ploysalyl 6=U e —  3|nde] pue dibojoinau
‘s)insal Apnis uoldNPUOd dAIBU buipeas, ,‘91qeded uoljeuiwdSIp (T —/+€s=w puejsiapun 0y buipeal
jou 1nq ‘Aujige Buipeas s|jieiq yum Buipesas, jo juiod-om) d11eys) ‘Tz =) | 9dA] s91ageiq  9j|leiq S1eN[eAS O} Wiy 6861/AbojoinaN [£7] e 1w
pa1eIosse uoneuwLdSIp Julod-om | YN UOIIRUIWIDIAP SSOID Aunde 3ide] :jenidadiag seE=u ‘leuy aAndadsoud :ubisaq ysiibuasysn JO SAAIYDIY wnequiag
sbuipuly JueA3|ay ysey buipeal sjuswinisul sjuswiniisul solsisdeIRYD 9AI3[go pue abenbue) 1eak uonedygnd Apnis
JO ainjeu pue Aljepojy /S3W02IN0 /saipeded painsea|y /3z1s 3|dwes ubisap Apnis /K13uno) /jeunor
Buipeas painseapy
*xipuaddy

sbuipuly yueasjas

ISOW pue ‘paJIPISUOD SI0)dkJ ‘SONISIID)IRIBYD JUSWISSISSE pue Yse) ‘sonsiidideseyd sjdwes s,Apnis yoea Huiziiewwns suonedijgnd jo ajqe] xipuaddy



T
Y
E
=
=
=}
=
<
@]
-
-
w
z
[
oc
<
=
=z

(panunuod)

(¥9°0=4) sdnoib usened
buipeas ssone uojsuayaidwod

Ul 9UIRYIP JuedIubIs ON

panasqo ae (100 >d ‘eb'ZLL =
(€)4) Adeindde pue (100> d ‘Z6°€0L
= (£)4) paads ui suonepeibap
‘buipeas 1oy Jabuly xapul ayx
woly Aeme sanow auo sy (00 < d
16T = (1)4) foeandde o (5070 < d
‘6£'€ = (1)4) paads Buipeas pue

pasn puey usamiaq diysuonelas o
(50°0 > d) puey auo £juo
YUM peas 0} padioj uaym A|mojs
alow peal (puey buisoddo ayy ueyy
1910216 Yyonw bulaq puey 1d| Jo
1ybu Yl yum peas s|jad Jo 9 “a'1)
9dUBUIWOP puey JuedHUBIS YUM
S[enpiAIpu :(S0°0 > d) puey Ya| J1ayy
uodn juepuadap sispeal uey) Jaisey
peas puey 1ybu 413y3 uo Ajurew
juepuadap oym Jo |enba asom
spuey asoym siapeay ‘ddueujwop
1o sdualayRid Buipeas puey

YUM 31|31101 10U pIp SSaUpIpueH

(pajuasaid saskjeue [ednsiels
10 ejep dy1ads oN) ,siapeal
Jood jo dnsusdeieyd bulysinbunsip
© S| SJUSWSAOW JAISSIHaI
yew 0} Jayiaboy spuey yioq buisn,

(100>d ‘sete
= (1) bs-1y2) peau sjj23 Jo %Lt
uo A|uo spoyiaw papuey-om) pasn
siapeas fouapyoid-mo ‘peas s|j9d
91 JO %G/ UO SpPOyIaw papuey
om} pasn siapeas fouapyold ybiy
(pajuasaid saskjeue |ed1siels 4o
eiep dyads ON) ,’s10113 UONUIIDI
10 sioud Buipeas [eio jo Aousnbaiy
3y} 1o Ayjige buipeas paulwilapaid
s,S 9yl Jayua pue 3|A1s
Jejndped Aue Jo asn ay) uaaMIag
diysuonejas ou ** sem vy,
(60°0 =4) uoisuayaidwod
j0u Inq (500 >d
‘8¢°0 =4) paads yum pajeja.i0d by
(900=1)
uolsuayaidwod Jou Inqg (L0 >d
‘G6°0— = J) paads yum paje|aiod
ssaupul|q [EHUBUOD SA SNONIIUSAPY
(soo<d
‘AleAdadsal 91°0 ‘8L°0 ‘2€'0=14)

10) Buipeas)

9soid “Y'N Aujepopy
pauodai Jou
paldenuodun
SA pa1deIIu0d
- (4se1 |eyuswiadxa)
s19buly snouea
Ysm uopediuapl
19119] wopuey ‘(paads
buipeas suiwilRp
01 ‘uoisuayaidwod
10} Buipeal)
950.d ‘(uonipuod
|ejuawiiadxa Joj)

pnojy + (paads Joj) 1ud)|iS

pauiodai Jou
pa1esuoduUn
SA Pa1deIu0d
- (uoisuayaidwod
10} Buipeal)

35014 ‘pnojy pue jua)!

pauodai Jou

pa1desuodUN SA

paenuod — sabessed
95014 JUI|IS pue pnojy

9)|leiq Pa1dRIIU0D

- (payadsun

JUSUOD pue 324N0S)
sabessed 3soid ‘pnojy

9||leiq padesuod
- (uoisuayaidwod
pue ||esas

10) Buipeal) asoud ‘pnojy

(sI9Msue 1331100
#) uoisuayaidwod)
‘(wdm) paads

(10019 Jo
#) uonedynuapl

19139] Jo Koeanddy
‘(w1 buipeas)
uonedynuUap! JaN3|
Jo paadg ‘(wdm)
buipeas jo paads

(owny Buipeas) paads

"Y'N 2inseaw :paads

puodas Jad 5|
ul painseay :paads

(SI9Msue 123110D JO
#) uoisuayaidwod)
(opew
s10119 Buipeas

jelo Jo #) Aoeinddy

SA papuey auo)

susalied Huipeay :1010)

peas 03 pasn Jabul4 0Jop

(uoneuiwexs 0spIA)
Buipeal 1oy pazijn
spueH ‘(jleq e buimoiyy
10} duaI9yRAd)

ssaupapueH 1030l

(uoneuIWEXd 03PIA)
Buissaibal piemioy

— swianed buipeay :iolop

(uoneuIwEeXd 03PIA)
buissaibal ‘buisned
‘bujuueds piemioy

- susaned Buipeay 1010

(uoneuiwexa
03pIA) peal
01 pasn (s)abuly pue

suianed buipeay :101op

Slewsy 7 ‘Slew ||
¥ =W 96y
fL=u

dew?dy) 6 —
dew ¢ —

(€56 =05 '80°Ly = W)
79-6¢ abuel by
L=u

alews) 0 —
alew €€ —
€9=u

U'N
(Lvdm) 1s9L
JUSWIRASIYY
abuey apip uo paseq

sdnoib Aouayoid-ybiy

pue -mo| oJul PIPIAIP
(9vL=as) Tze=w
0Ol ‘(Lz-€1 abuey)
S9L=W 3By ‘9L =u

85yl S ‘TT6 =W Ol
Lz—€l

abues ‘gg'9| = jy aby

8L=u

abessed [ew.oy 1o dzod
J3Y19YM dulwexd Wiy

‘Apmis aAdadsoud :ubisag

SI3Y310 0}
196Uy xapur 3y}
wouy Ayjiqe Buipeas
3||ieiq Jo I3jsueny
91eN[eAd 0) Wy

‘Apn3s aAdadsoud :ubisaq

Aouadns puey
13/3ybu ssasse pue
buipeas uy 3|01 4a3e316
e sfeid puey yiym
SuIWIRIBp Wiy Apnls

|eu013s-5501) :uBISaQ

Kouapyoid

Pipaid buipeas buunp
SJUBWIdAOW pue 3sn
J1abuy/puey Jeyraym
sujwex] :wiy Apnis

|euodas-ssou) :ubisaq

siapeal 3j|leiq
JO (SJUBWIdAOW PIeMIO)
‘suolssalbai ‘sasned)
syuswarow Buiuueds
?qudsaQ :wy ‘Apnis

|euondas-ssol) :ubisaq

Kouapyoid

3||leaq edwi
s9|qelien bujuueds
ondey Jaylaym
Quiwexa :wiy ‘Apnis

|euondas-ssol) :ubisaq

¥00Z/3uswiredu)
|ens}

sbuipuly Jueas|ay

yse1 buipeal

J0 ainjeu pue Ayjepopy

s)uswIniIsul
/S9W0dIN0
Buipeas painseapy

SsyusWINISUl
/sanideded painseaiy

sansuRRIRYD
/9z1s 3|dweg

9AI123[qo pue
ubisap Apnis

ysiueds/ureds JO [euinor ysiug [£9] epieny
796L/SIIMS
ysibua/ysn  Jolo pue [enydadiad [99] no4
L¥61/KB0j0yAsd
ysibuz/ysn JO |eulnor ueduswy [$9] yosua4
ov6L/ssaupullg B
Juawitedw [ens|
JO [euinor byp
ysibua/ysn  pullg ays 4oy 300pno [¥9] yosua4
Jequswdojansg [€9] 'e 1@
ysiibuasysn ul yoJeasay uospineq
0861 [c9] e 32
ysibuz/ysn /e1bojoisAydoinapn uospireq
abenbue) 1eafk uonedygnd Apnis
/K13uno) /leuinof

‘panupiuo) ‘xipuaddy



TACTILE, MOTOR AND COGNITIVE FACTORS IN BRAILLE 17

(panunuod)

'L0'8 = (8T 1)4) paads Buipeas yum
paie[a.10d 3|jieaq buiuies) 1siy jo by

(50000=4d "16'TL = (0L ‘1)) widned

LS1ossids, ayy pasn Aayy Ji Ajjepadsa
‘19158) 2I9M SI9pEAI Papuey-OM|

(92404 JUBISISUOD DIOW PUE SSI|
9SN 0) PapUd) SIdPE. J9)Se)/1911aq
‘||esano 1eyy uaAib sjqeuonsanb
pue) juedyubis-uou Ing ‘(L7°0 =4)
paads buipeas pue ainssaid
U99M19(q PaAIasqO UOI1R[2110D 3AINSOd

(pauodal sisAjeue |eonsiels
ou) U0 YuMm uey) I1se} Ajjeuibiew
sem spuey oml yum Buipesy
(zovo=d '869=4
|eiued) puey ybu
9Y3 UBY) 13| BY) YUM IpRW IdM
S10119 19mdy Ajpuediyiubis :Aoeinddy
('Y'N sask|eue pue
e1ep) 3dUAIBYIP JUedYIUBIS ON :pasds
(500> d ‘sz =1) s1abuyy 3|ppiw
Y6l pue 13| UIIMID] DUIYIP
JuedIubIS ‘s1abuly Xapul usaMIag
dUIBYIP WedIubIs ON :Adeinddy
(200> d ‘067=1) 3ppiw Wbu
uey) Jaisey Apuesyiubis sem s|ppiw
Y91 (50°0 > d ‘gL'z =1) x3pul
b ueyy Jaisey Apuedyiubis sem
Xapul 427 :(L00°0 > d ‘6671 =)
1ybu uey Jaise} Ajuedyiubis asem
spuey 127 {(100°0 =d) s13buy Jay10
03 Jouadns aiam siabuly xapuj :paads

‘(2070 > d) @duaiayip uedyiubis
A|[eansiess e se siy1 saquIsIp
Ajpuanbasqns [g/] epexeN 310N
(pajuasaid saskjeue |ednsiels

ou 1nq elep mey ‘Ajuo Juswalels
Kiosnpuod) e 1e adAy ayy

1994 01 3|qe Ajodieds asam sdiuabuly
119Y3 1 spjoysaiyy uondadiad-yonoy

JO UOIBAJJD payJew yum s1d3(gns,

(6v5°0=4d 05T°0="D)

uoisuayaidwod

Buipeas jou Ing (Le0'0=d

‘LG50 =D) paads buipeas yum

pa1e[2110d SeM pauled] J||leiq Uaym
abe/adusuadxa buipess a||ieiq Jo sIeap

(so0>d'sre=1)

sI9peal Julofsip papuey-omy

pue S19peal PapuLY-dUO UIIMID]

dUIBYIP uedIUBIS A]edNIsiels

9)|leiq pajdeIIu0d
- (obessed |anou
‘3p1ue sadedsmau)
95014 ‘PNOJY pue Jud
pauiodai Jou

9)|leiq Pa1dRIIU0D

SA paldeiuoduN

- (3s9] Buipeay
JUSWIASIYDY PIojuelS
9Y) wouy sabessed
aull-£) as0id “Y'N Aujepowy

3||leiq payesuod
- (uoisuayaidwod

10} Buipeal) asoid ‘Jud
3)|leiq pajesuoduUn

- 19qeydje

3y} jo suoneinwuad
paziwopuel

Buipeay ‘pnoje aq 03
pawnsse Inq "Y'N AMjepon

9||ieaq pa1deIU0d
— SUUIS
pue spiom [enpialpul
Buipeay ‘pnoje aq 0}
pawnsse Inq Y'N Aujepow

3||ledq pardesuodun
- (uoisuayaidwod

(wdm) paads

(pea1 01 swn) paads

(wdm) paadg

(3uno> Jou)

Aoeandoy

‘(duwn panojje

Ul peal siaieieyd
40 J3quinu) paadg

(3uno> Jo113)
Aoeandoy
‘(uayey swn) paadg

(.An 1upip,
,uIes| 1,upnod,
L Rnop
1eaib, ,'Anoip
91esspou,,
J'Aipeas pauses),
se AjpAndalgns
painseaw) Aypede)

(papuey omy sa auo)
suianed puey/pasn
puey buipeay :1010p\

(U1l Jo pud/plw/LeIS
1@ |eualew buipeas
uo 19buy Jo ad104
1DBJU0D/2INSSAIJ :I0JOW
(sg371 pawunow
-19buyy pue waisks
Buisuas uonisod e
Yum painsesaw uonisod
|ed11iaA/|e1uoZII0Y)
(papuey omy sA duo)
suianed Buipesy :uolop

pasn Jabuly
pue puey buipeay :i0jop

pasn sabuly

pue puey buipesy :i0lop
((Oneas) uoneurwdsIp
1UI04-0M])

Aunde 3ide] :jenidadiag
(1591 JuBWelly UOjAU
UISISUID-SaWIWIDS)

Aunde 3jide] :jenidadiag
(,uondacoudoud,)
12P1U0D
Aneay pue (,uondadiad
42n01,) Ys>nol
W6 yum uoneiqia

01 AAIIsuas :[enidadiag

(Papuey-omy uIofsip SA
papuey-om} pauiofuod

9ewWa) S| ‘dlew G|

(L'e=as ‘6ov=W)
/9-8| :9bues 3by
oE=u

(plo s1eak G1-6
paiewnss) oL-
sapesb ul spdnd ‘£ =N

(0€ 49n0 syuedpiued

Jo Jaquinu e

pue ‘sp9 Jay ul 13fgns
L — soz Aued) oz=N

dleway g ‘djew /
‘G9-Gz abues abe ‘G| =N

0L-8 abues abe ‘9| =N

(6=as 'Le =W 'Sjewsy
¥ ‘sjew 9) 0L =N Dhaqgeiq
6=as‘os=w
obe ‘sleway ¢ ‘sjew
9) 0L =N D13qelp-UoN

Buipeas jo 1edw
ssasse twily ‘Apnis
|euoidas-ssou) :ubisaq

paads 0y aunssaad
40 uonejas auojdxd :wiy
‘Apms aAndadsoud :ubisag

susoned bBuipeas/abesn

puey aio0|dxa 0 Wiy
{|euo1d3s-sso1) :ubisaq

s19buyy pasuayaud

-uou yum

Buipeas jo foeindde

pue paads aujwexd

‘wiy ‘Apnis |euondas
-ssou) :ubisaq :z# Apnis

puey/siabuly
pauiajaid-uou 01
Aujiqe buipeas 3jjieiq
JO SI9JSUBI) DUIWEXD
‘wiy ‘Apnis |euondas
-ssou) :ubisaq :L# Apnis

uondadiad yonoy

uo Ayyedoinau

dn9qelp jo edwt

9y} alojdxa :wiy ‘Apnis
Jeuoidas-ssou) :ubisaq

uoisuayaidwod Huipeal
9)|1eq Buissasse 1oy
|enba aie s3sa} buipeas

youai4/epeue)

ysiibua/ysn

ysibua/ysn

ysjbu3/puejbuz

ystjbuz/epeue)

ClLog/ssaupullg
3 Juswiedw

|ensiA Jo jewnof  [z/] “|e 12 aydoieT]

YE6L/ssaupullg
3 Jusuwuedw)

|ensiA Jo jeuinop [L£] puejioH

5861/3uswdojprag
pue ydieasay
uonel|iqeyay

Jo [ewinor  [0/] ‘e 33 dojsiH
LZ6L [69] le 19
/eibojoydAsdoinan [VIIENVIETE]

6961/2UDIP3a|N Jo

Jeuinor puejbuz maN [89] syduuIRH

sbuipuly Jueas|ay

yse1 buipeal
Jo ainjeu pue Aujepopy

s)uswIniIsul
/S9W0dIN0
Buipeas painseapy

SsyusWINISUl
/sanideded painseaiy

sansuRRIRYD
/9z1s 3|dweg

9AI123[qo pue
ubisap Apnis

abenbue)
/K13uno)

1eafk uonedygnd
/]euinor

Apnis

‘panupiuo) ‘xipuaddy



T
Y
E
=
=
=}
=
<
@]
-
-
w
z
[
oc
<
=
=z

(panunuod)

6%'0/15'0=1d0OH
L¥'0/6¥'0=104H
9Z°0/0€°'0 =1ASH
r0/e7’0 =101
0T0/¥T0=104
1SMOJ|0}
se paniodal (s9du)uas/SpIom
Buipeal Joj) suoneja.i0d ‘paads

3||leiq parenuodun
— $3I01S OoYs
pue ‘sadualuas ‘spiom

(LAOH) 3saL
uoneUIWLSIQ

13(q0 dndey ‘(104H)
1$9] uonewslQ
ainbi4 oudey {(LASH)
159 uoneulwudsIg
az15 ondeH {(1a4M1)
159] uoneulwudsiq
w04 d1ayisaury
3|noel {(1ay)

153 uoneuILdSIq
ssauybnoy)

puejoH ut

s159) Buipeas

3||leiq pazipiepuels
0} S2)e[2110d
bunepijea :wry ‘Apnis

9/61/ssaupullg

1 uawLedw) [$/] (9z61)

J1o4 "paniodas Bunisay aduedyiubis oN Jo s1s1] buipeay ‘pnojy (‘YN 2.nseaw) paads Aunde 3jide] :jenidadiag y1-9 9be ‘ozl =N |euondas-ssol) :ubisaq y21nQ/pue|joH |ensIA JO |eusnof SIWIWO
(520°0 > d) auoje
puey Jayus yum buipeas
0) Joudyul sem Buipeas papuey QUOJe puey JBYIIR Yum
-2U0 Jey) palsabbns sisal-} pauueld buipeas pue buipeas
-21d Inq ‘(010 >3nq 500 < d 9||leiq pardesUOdUN (€8°LL — 859 3buey) papuey-omy ajedwod
YLe = (Tl ‘14) - spiom 3|buls pasn (spuey 87°0L =W by wly ‘pnis [euondas
paads uo pueH Jo 12949 uedyubis oN Jo s1s1| buipeay ‘pnojy (wdm) paads 10) pueH :1010)\ sL=u -ssou) :ubisaq :z# Apnis
*(§20°0 > d) $Se) uoneuIWLSIP
Joj Auouadns puey-ya| e
pamoys s1apeas Jood {(50°0 > d ‘55°S
= (TL “1)4) $fse3 uoneulwLdsip
pue (5z0'0 > d) buiweu
19119] Joy abejueape puey-1ybu
e pPamoys siapeal 19113q ‘paads 104
(1000 >d ‘ze'TE = (Tl ‘1)4) pasn o||leiq psyenuodun —
pueY YlIM UONDEIAIUI UB PIMOYS SI93] 3||leAq [eNpIAIpUL (1091103 %) Buipeas 3jjieiq
(uoneuIWLDSIP 19333] SA Buiydlew) JO uoneuIWLDSIg Adeinddy (€8'LL — 0'9 dbuey) uo Aujesare| jo edwi
adA1 ysey Inq ‘sious/Adeindde ‘buiysrew ‘(fouae| asuodsal) $5'6 =W 96y  dulwexd :wiy {[euoi}das
UO pueH Jo 199)49 uediyiubis oN 1UJIdyIp/awWes ‘pnojy  dwiy buipeay :paads pasn puey :I0Jop or=u -sso1) :ubisaq :L# Apnis ysijbu3sysn #861/X910) Za R
910§ 1DRIU0D pue
‘3z1s J91deleyd ‘(Bulrow
(pa1uasaid sishjeue 10 d3e15) YoNno}
|ednsnels ou — Aeindde Jo apow ‘ybIdy 10p
%6'8Y SA %S'8Y) Aoeindde Buipeas 9)|leq paydeAUOdUN — Slewsy |y Aq pajeipsw 3jjieiq jo 5861/K19100S
Yum pajeposse Jou sem (65zL-G/ SI913)| 3||1eiq [enpIAIpul 17-17 by Aiqiba) a1enjeas iwiy SlWwouoydAsy
10 68z-91) aInssaid/a210) 1DEIUO) JO uoneuIwLdSI ‘PnojyY (1991103 %) Adeinddy 9210} 12RIUO) :IOJOW 9=u ‘Apnis anadsoid :ubisag ysiibuisysn 3y} Jo undjing [€/] slwooT
sIapeal 3j|leiq ul
/'8 = abe pue Aynde ajde)
as ‘v/9=Ww '18-95 Jo aunseaw [arou
(0£:0 < d) Aunde 9||leq paidesuod (ueyd bury o669 abe ‘'z =u :dnoib ,19p|0,  © UIMISQ UONR[RLI0D
d|11oe) pue paads Buipeal 3jjieiq - (QYIYNW) pue uey) joq ab6a7) TIE=W ‘65—€7 abe alojdxa :wiy ‘Apnis
U93IM13q UOIB|94I0 Juediiubis oN Buipeas adudUS ‘pnojy (wdm) paads Aunde 3ide] :jenmdadiad 0L =u :dnoib ,1abunoy, anpadsold :z# Apnis
siapeal 3j|leiq
ul abe pue Aynde
3|110e) JO AUnseawl
[9A0U B UIMID
(90°0 < d) paads buipea. 9||leiq pa1deIu0d (ueyd 10q 96697) TSL=0as ‘svw=w uol1e[a.110d alojdxd
YUM pajedosse sem A)nde ueyd — (QYIUNW) e 3[110e] :[enydadiad ‘p/-g1 9bues 9by  :wiy ‘Apnis aAndadsold 800¢/521sAydoydAsy
10Q 96637 Jou ,pasn puey, JBYUIN Buipeas adua1udS ‘pnojy (wdm) paads ‘pasn puey :I0JOW 6v=u :ubisaq 14 Apms ysiibuasysn R uondadiagd [6] “|e 12 96637
‘(pauiodau sdnsnels
ou) payedwiun sem uoisuayaidwod
g ‘(8L'o=zcvew ‘soo=d
‘80T = (07)¥) pnoje buipeas
uayMm sioud alow Apuedyiubis
apew (| abe a10j9q 3||ieIq pauIed| paads uo
oym 3soy] “(0¥'0=zvel ‘8000=d SJUBWIdAOW puey
sbuipuly Jueas|ay yse1 buipeal syuaWNIIsul sjuawnysul sonsuaeIRyd 9AI123[qo pue abenbue) 1eafk uonedygnd Apnis
4O ainjeu pue A)jepoy /S9W02IN0 /sanpeded painses|y /9z1s 3|dweg ubisap Apnis /K13uno) /leuinof

Buipeas painseapy

‘panupiuo) ‘xipuaddy



TACTILE, MOTOR AND COGNITIVE FACTORS IN BRAILLE 19

(panunuod)

‘(SI9MSUR 1231100
%) Adeanddy

4O J3quinu 4oy Bull|oauod usym)
paads Buipeal 3|jieiq pue Aynde
9J110e) UIIMIDY punoy diysuoiejas oN

(‘pauiodal sonsiels
ON) ‘uoisuayaidwiod yum
pajejau0d Ajpanisod Apuedyiubis
sem aby "abe uo paseq punoy
paads ul sadualayIp uedylubis oN
*(S0°0 > d) 184 Buipeas ul sealdul
ue yum parea10d ApAnisod
sem ssad0id Buipeas 9|jieiq
3yl ul Jabuly duo uey) ajow Jo Ish Y]
*(16°0 =) Aoeandde pue (840 =4)
paads 01 diysuonejas sabuons
e pap[aik DI pup duewopdd
1@y Buipnpur uoneja.i0d
d|diynw ‘om) apeib ul syudapnIs 104
(500> d)
(z¥70—) @>uewuopad Jous pue
(z¥'0—) paads Buipeas pue s310ds
1@y uddamiaq pauiodal suole|alio) YN
('s1bwiio) afjIpiq
upadoini/sn pippupis 0} JaAo A1ipd
Jou Abw synsai asayl pup 3jjipiq
upadoini/sn ubyl 1pdwod alow
s1 buipds jop 3jjiviq asaupdpr :J10N)
(1ve0=4d '956'€ = (2T
‘2)4) buipeas soy Lideded 01 parejal
Apuedyubis pauses| 3jieq abe/aby
‘uoljeUIWLDSIP JU10d-0M) D11elS pue
Buirnow yyoq uo sdnoib ,Jie}/poob,
pue ,3|qeun, usamiaq s|aAd| Aunde
ul (L00"0 > d) aduaIaIp uedIubIS
!s159) A1INde 3|11J8]) ||B SSOUdE SISPEa)
11e}/poob UIIMIDC SIUBIYIP ON YN
(1o>d‘61'L = (22
Jay19b0) spuey yioq pue (500 >d
6Ll = (TT)Y) PuBY Y3| Yum
buipeas usym puijq Ajjenusbuod
10} J3yb1y s paads Huipeas uespy
(S)puey Jo 12343 OU Sem 33yl
‘asimiayio (010 <d ‘ty'L= (1T
‘24 uedyiubis Ajlednsiess jou Ing)
9UO UBY) J31SBY SI SpUBY OM] JO 3S()
L, 91eIndde dlow
pue Ja1sey 3q 01 spJom Jo Buipeas
papuey-y3) 1oy puas, e suoddns
pajuasaid eiep ayy ‘JoAIMOH
‘(A>eandde 4o paads Joj) suoje Jabul
a|ppiw ya| pue Jabuly s|ppiw 16U
1o Jabuy xapur ya| pue Jabuyy xapul
Y6 U3IMIDQ SdURIAYIP JuedYIUbIS ON
*A3eINDDE 10) ADUAIYIP
juedyubls Ajjednsiels oN ‘5000 =d
‘sleJswinu 1) S€y = (YZ)
‘Spiom 10} 0L = ()1 :s|esswinu
pue spiom Joy suoje ,Jiabuyy

pa|quiens ‘Buipeas
95014 ‘(Splom |20
-7) buipeas piop ‘pnojy

pauiodas Jou

3||ledq pardesuodun

SA Pa1deIu0d

- 159 59|25

Buipeay dnsoubelq

9y} WOl SuoI3|IS
asoud buipeay ‘pnojy

(10119 Jo
#) Aoeandoy

(,8|9eun,, 10
‘(Buipeas piom)
A1ey, ‘(Buipeas
?du)uads) ,poob,
se AlpAdafgns

3)|leiq papeuodun
- splom
pajquieds ‘youalq
01 suonewixoiddy
!(sabessed

|2A0u) 35044 ‘pnojy

!(sjesawinu 10
spiom

0§ sl Ul SI0s Jo
#) eIy {(uiw |
up ‘Aj32a.10ou1

10 Apoaiod

‘peaJ sjesswnu
Jo# + uwg

ur ‘Apdauiodul

9||ieiq paideiuoduUN

‘(3w uonoeal) paads

(9181 Buipeal) paadg

‘(3w Buipea) paads

painseaw) Aydede)

(wdm) paads

ey ,oq, 366a7)

Aunde 3ide] :jemdadiad

(pasn si1abuy
40 J3quinu)

SJUSWISAOW pueH :I0JO

(3591 uoneuIWLDSIQ
ssauybnoy)

Aunoe 3|oe] :jenydadiad
AIUB0D

‘ol

(Bulnow) uoneuiwLdsIp
juiod

-OM] ‘uoljeulwLdsIp
ui0d-0oMm} d11eI§
‘(sapow dA[dR/Buirow
pue aaissed/oneis yioq
1 153) Juawe|y uojAu
UIR)ISUID-SIWWIS)

Aunoe 3|oe] :jenydadiad

pasn (spuey

J0) puey 010\

Slews) ¢ ‘sjew ¢ —
(6 =u) puilq Ape3
6L=u

(Tve=m) s9-0L
abe ‘sjew
¥ ‘dlewsy g ‘7L =u
:dnoJb eloxeq yuoN
(98 =W) 79-61
abe ‘sjew ¢ ‘sjewsy
L1 ‘SL=u :dnoib unossiy

€'71-9 dbues
abe ‘sjeway
€71 9JeW €€| ‘95T =U

ToL=as‘ow=mw
‘g6-g| abuel 26y
ST=u

¥9-g| :9bues aby
Jew 6| ‘dew §
ve=u

uaamiaq diysuone|as
aujwexa wiy ‘Apnis
|euoi}das-ssou) :ubisag

asaueder/ueder

uolsuayaidwod

pue paads

uo buutesy buipeas
pides painpnis

40 1edwi aio|dxe wiy

‘Apms aAdadsoud :ubisag ysi|buz/ysn

ssaulpeas b
»ipasd
159 uoneulwLdsIq
ssauybnoy
wioyj s}nsal Jaylaym
ENEE Y

‘Apms aAdadsoud :ubisag

ysibua/ysn

Bujuresy jo sieakz
J19)e duewlopad
buipeas pue Aynde
9|110e) UoMEeN|eAS (WY

‘|euondas-ssou) :ubisag asaueder/ueder

1X23u0d Buipeas pue
abesn puey Aq paaye

J3PISU0D Wity ‘Apnis
|euoidas-ssol?) :ubisaq

ydouai4/wnibjag

([69] J0
uopiedijdal) spuey yioq
Ua3IMIdq Inoge| Jo

¥10Z/ssaupullg
3 Juawuedw)

[ensiA jo [euinor  [08] ‘[e 33 eWIYsO

SL6L/ssaupullg
3 Juswuedw)

|ensiA Jo jeunof [6/] " 19 uos|O

S961/pullg
9y} JO uohesnp3
33 Joj [eutnor [8] suio
|euoneuwsdiu| Y| pue uejoN
[8£] uojiea
6861 /K196anson1n pue epeyeN
§861/ABojoydhsd

|ejuswnadxg Jo
leuinor Apsuenp ayl

[£1] uos|auiag
pue Aisnopy

0861/ssaupullg

X9pul 159158} 9Y) UDAD UeY) Jaise) — S|eJawnu pue SpIoMm 10 Aj1d3110> pasn 1abuly UOISIAIP 91BN|eAD Wiy 3 Juswiedw [9/] (0861)
Ajieapd, a19m 19y3abol spuey om] Jo s1s| buipeay ‘pnojy  ‘peal spiom #) paads pue puey :1010)\ Z1-§'£ dabues abe ‘sz=N ‘[euondas-ssou) :ubisag yoIng/pue|joH |ensiA Jo jeuinor SIWWOW
sbuipuly Jueas|ay yse1 buipeal syuaWNIIsul sjuawnysul sonsuaeIRyd 9AI123[qo pue abenbue) 1eafk uonedygnd Apnis
Jo ainjeu pue Aujepopy /S9W0dIN0 /sanpeded painsesjy /3715 9jdweg ubisap Apnis /Aiuno) /]euinor

Buipeas painseapy

‘panupiuo) ‘xipuaddy



T
=
E
=
=
a
4
<
o]
-
-
E
Z
=
oc
<
=
z

(panunuod)

paads buipeas-piomopnasq —
(500> d ‘0£°0=4) (LOD) Aunde
3|1ey pue (100 >d ‘180 =1)
bujweu >newoine pides ‘(500 >d
“/°0 =4) (paads) ssauaieme
|ed16ojouoyd yum paie|a1iod
Ajpueoyiubis paads buipeal-piop —
‘(payodai Jou
SJ11S11B1S) JOU DJ9M UOIRUIWLIDSI
SUIT pue UONEIUSLQ dul
(#0°0 > d ‘8y"'0— = 4) siuediied
1apjo Buowe ares buipeas
0) paje|as Ajasianul Kpuedyiubis
uopeulwdsig deo juiod-om)
(lyo=d ‘91'0— =
1) 10U SeM PJOYSaIy) UONRUIWLIDSIP
wiod-om] (500> d ‘'9£0— = 4)

3||ieiq papeiuodun
- Buipeas piomopnasd
pue piop ‘pnojy

iyads jou

10 PIDRIIUOD SA
payesuodun — (3|85
a1ey buipeay diseg
JaAIRD-IULL) SPIOM
pue sdUIIUIS ‘U
11pads jou
[|leiq PIIRIIUOD SA
papesuodun — (3jed5

(Pt
aunseaw) paadg

(wdm) paads

‘(sey wspauoods
pue uons|ep
awauoyd) ssauaieme
|ed160jouoyd :daAIUb0)
‘(L0D 1591
uonejusalQ buneln)
Aunoe 3i3de] :jenydadisd

(uoneurwdsig
y1bua ‘uoneuslo
aur ‘uoneuIwLdSIQ

deo juiod-om|)

Aunoe 3joe] :jenydadiad

(uoneyusauo
jujod-om] ‘(d13e1s)

STE =as'sTrl=w
'5'61-6 dbuey by
=u

78-09 3by -

(Lg =u) dnoio J43p|0
ye-61 3by -

(51 = u) dnou 4abunop
9E=u

T Apmis

(ToL=as 98y =n)

|enreds 3j11oe1 pue
|eaibojouoyd ‘yoaads
‘f1011pne U3IMIDQ
suoreosse a1eblisanul
0} :wiy ‘Apns
|euondas-ssol) :ubisaq

duewlopad buipess uo
edwi ayy pue ‘buibe jo

lejuswdojanag
ur Ydieasay

ueIu0IS3/eIu0lST [€8] "[e 19 YedsIap

9661/paljddy

uonejualio iod-omy pue (000 =d 91ey Buipeay diseg uoneulwdsiqg ulod 18-81 9by - S109J9 3y} ‘Aunde 3|dey :kBojoydhsq
‘¥G'0— = 4) uondalap deb yum JanIeD-I9UL]) SPIOM -oM] ‘uondala deo) ce=u aJ0|dxa 03 :wiy ‘Apnis |eyuswRdxg
paje[a.10d Apuediyiubis ales buipeay pue S32UIUIS JU|! (wdm) paads Aunde 3jde] :jenidadiag L# Apnis ysi|buz/ysn Jo jewinor  [0L] ‘|e 19 SUIARIS
100> d ‘689
= (v€ '1)4 :sdnoub pooypjiyd
Ajea pue [eyuabuod ay) usamiaq
PaAIasqo sem paads Ul 3dUBIRYIP Y
[su’1ge = (L'1)4
:9duaiagud b ‘su ‘91 = ('1)4
:uai9jaid o) :dnoib pooypjiyd Aieg
"€0°0>d ‘'60°L = (8'1)4 :2dua194a1d
Wbu ‘€0'0>d ‘L6'9 = (OL'L)4
‘Duasayaid Ya| :dnoib [enusabuo)
‘Pooypiiyd
AJJe3 Ul UOISIA 119Y) 150] OYyMm
950y} buowe panIasqo Jou sem Sew / ‘sewdy oL —
SIUL Y61 3Y) Yyum uey) puey siy) (rv€ =) 05-0C 3by - Buipeas papuey-suo
YUM 19119q pawlopad puey ya| ayl :ssaupullq pooypjiyd Ajieg ul 9duasyud puey
Yum peas 0} pausjaid oym asoyl dew 6 ‘slewd) 71 —  Jo 1dedwi AusA 01 pue
‘(puey SUO YUM peas 0] PadIoy 6'€E=W ‘79-61 by — ‘sabejuenpe Ayjesare|
U3YM) Y| 9Y} YUM uey) puey 3||ledq pardesuodun :pullq Ajjenuabuo) pasuanpul duaLdxd
SIY} YUMm Jan1aq pawuioyiad puey - (Aunqiba| ayj1euq Joy sjuedpnied lensiA Joud Jayiaym
1ybu 3y} yum peas 0y pauajaid payd1ew ‘spiom Jand| puey buipeas paiajaid papuey-1ybu |y aiojdxd o] :swiy Apnis S66L/5IIMS [z8] dijyd
oym 3s0y} ‘yuiq 1e puljq asoyy buowy -G jo sisi)) buiuueds ‘pnojy  (dwi Buipeas) paads -uou JO 3s() :40JoW ge=u |euondas-ssol) :ubisaq youai4/aduely ooy pue jenydadiad pue oejedwes
Adeindde pue
SJUSWIdAOW puey
(1000>d 'L'S6 Lz-8 abues ‘(g€ =@s) usamiaq diysuone|as L10T/Yyd>ieasay [18]
= (z1) bs-1y2) s1019 Jo Jaquinu 3)|leiq paidesuodun Buipeas ui sioud pasn sjuswaAoW Tyl =W 9be ‘sjew QJo[dxa :wiy ‘Apnis |euonednpg jo sojnodoikbiy
3yl payaye suisned buipeas sjjieig - 9soid buipesy ‘pnojy  Jo Jaquinp :Adeinddy pueH :1010l ¥l ‘Slewsy gL ‘zE=Uu |euondas-ssol) :ubisaq 39919/339919 |eusnor [euoneusalu]  pue noulwipedeq
("s1bwiio} ajipiq
upadoinj/sn pippupis 03 JaAo A1ip>
Jou Abw synsai asayy pup 3jjiviq
upadoin3/sn ubyy 1Ppdwiod aiow
s1 buppds jop 3jjiviq asaubdof :J1ON)
*foeindde
10U INq (FZ'0=Cvew ‘500 >d
‘8v9°L = (L1 ‘1)) paads pasuanjul (roL=as) L'sk=w
g bujuies) jo aby '59-0¢ abuey 26y —
‘(su 9||ledq paldesyuodun slews) / ‘sjew ¢ —
‘¥0°'0 =4) Y10q 10 ‘(su '80°0— = 1) - Buipeas (0L =u) puijq ae]
ssaupul|q Jo 13suo Jo abe ‘(500 > d abessed [eduawnN (bupeds 3|jieiq (S0L=as) €Lr=w AuAnisuas ajioey
‘9p°0— = 1) 9||ieaq buipeas sieak ‘buipeas piom asaueder 1oy paidepe ‘65—-¢¢ abuey by — pue buipeas 3jjieiq
sbuipuly Jueas|ay yse1 buipeal syuaWNIIsul sjuawnysul sonsuaeIRyd 9AI123[qo pue abenbue) 1eafk uonedygnd Apnis
4O ainjeu pue A)jepoy /S3W0dIN0 /sanieded painsea|y /9z1s 3|dweg ubisap Apnis /K13uno) /leuinof

Buipeas painseapy

‘panupiuo) ‘xipuaddy



TACTILE, MOTOR AND COGNITIVE FACTORS IN BRAILLE e 21

(panunuod)

Y100 40} JuedlIubIS a19m ddudsRyId
puey/asn puey ‘sisi| ,pley,
104 *AdeInddE J0U INq ‘(500 > d
‘99'G = (S ‘1)) paads papedwi
2dUuIRId puey pue asn puey ‘s)
Ases, 104 :buiydlew jualayip/swes —
500>d 'LeL = (S§ L4
‘punoy os|e sem asn puey Jo IPIo
pue ‘xas ‘9uaiagaid puey ‘asn puey
US9MI19q UOIDRID)UI 0}DBJ-INOY
eIng - (1000 >d ‘€€l = (5§ ‘1)4)
A>eindde pue (1000 >d ‘9L =
(55°1)4) paads paredwi ssuassyaid
puey/asn puey :uoiedLIUIPI 1N —
(oLr0>d'ge0=1)
paads Buipeas £103s yum
Ajjeuibrew pue (500 > d 'sy°0 =4)
paads Huipeal piom Yyum paie|aiod
Apuedyiubis sem (10D) Ande ade] —
(500 >d ‘01’0 =4) Aoeandde
Buipeas K103s ‘(100> d ‘250 =1)
£>eindde buipeas piomopnasd
(500 > d ‘110 =4) Aoeandde Buipeas
piom yum pareja1iod Apuedyiubis
KIowaw Wid)-Uoys [eqISA —
(Lzo=>
J) ainseaw Aue uo aduewopdd
Buipeas yum paiejaiod Jou
sem paads buissadoid |edibojouoyd —
(or0>d 'ye0=1)
paads Buipeas K103s yum Ajjeuibiew
pue ‘(L0'0 >d ‘€5°0 =4) £oeindde
buipeas £103s (100 > d ‘S50 =1)
A>eandde buipeas piomopnasd
(500 >d ‘170 =14) Koeundde
Buipeas piom yum pare[a.iod
£oeandde ssauaseme [edibojouoyd —
(1'0>d '99°0=1)
(L09) Aunde ajnoe)
pue ‘(50'0 > d ‘5£'0 =) 3siou-ul
-y23ads ‘(500 > d ‘$9'0 =4) Buiweu
dnewosne pides ‘(500 > d ‘¥9'0 =)
Klowsw wial-1oys [equaA (500 > d
'99'0 =4) (A>eundde) ssauaieme
|ea16ojouoyd yum pale|aiiod
£>eindde buipeas-piomopnasd —
(05°0=14) Aunde
9]139€} 10 ‘(1 0°0 =4) dslou-ul-ydaads
‘(Z1’0 =4) buiweu dnewoine
pides ‘(£1°0 =4) Alowaw wid} Moys
|equaA “(S°0 pue £€°0 =4 :Koeindde
Jo paads) ssauaseme |edjbojouoyd
Yum paiejauiod Apuedyiubis
1ou A>eindde Hulpeal-piop —
(so0>d
‘0£'0 =4) buiweu >pyewoine
pides pue (100> d ‘080 =)
(paads) ssauaseme |edibojouoyd
Yum paiejauiod Apuedyiubis

(sydesbesed aduajuas
€~ ) buipeal
abesseq ‘Buiydiew
JURJIBYIp/dWes
‘uonedynuap! Jana]
‘Buipeas piop ‘pnojy

buipeas £101s pue
‘promopnasd ‘pIop ‘pnojy

(s10113 Jo
Jaquinu) £deinddy
‘(dwny Buipeal) paads

(s1o0112 Jo
Jaquinu) £oeinddy
‘(dwn buipeas) paads

peo| Klowaw
JUSLINOUOD YUM
159} uolsuayaidwod
‘(spiom jo uonnadal
|eJ0) 1591 Kiowaw
wial-Hoys :2Aniubod)
‘Apoq 01 aAne|RI
uonisod >usydsiway
pue pasn siabuyy
pue puey ‘@>uaiaaid
puey pue (ybinquip3)
SS9UPAPUBH :I0JO

uondaniad yoasadg
‘KIOWB\ W)
-HoysS [eqiap ‘(uonajep
swauoyd) buissadoid
|es16ojouoyd
EIELIIEMNI]
|equaA PAMUBOD
‘(1591
uonejualQ bunein)
Aunoe 3)de] :lenydadiad

(3531 asioN
-ul-piop) uondadiad
y2aads :aanubod)
‘buiwieu dnewoiny
pidey :aAnubo)
(uonnadas
piom-uoN ‘ueds
161q) Llowsw wid}
-H0ys [eqIIA DAINUBO)

(0261 9be) s1a93UN|OA
1npe a1em gz —
‘(8L-11 abe) puilq 3y
10} S|ooOYdS [enUIPISAI
ul SJUdPNIS AIBM |y —
pIo
s1eak g = > UOISIA 150|
1o puljq Ajjenuabuo) -
(31eway
6C ‘9leW ¥€) €9=U

3lew / ‘sjewsy
L'(§€=0S) §'SL =W :3by
8Cc=u

Buipeai Joj puey

pauayaid-uou buisn jo

edwi sulwexs Wiy
‘|euondas-ssol) :ubisaq

douewlouad buipeas

pue ‘buissacoid

leneds 3|1oe}

pue [es16ojouoyd

‘yoaads ‘Aioyipne

U39M13( SUOIIRIDOSSe

d1eb1p1sanul

0} :wiy ‘Apnis
|euondas-ssol) :ubisaq

dduewlopad buipeal
pue ‘Buissadoid

ysi|bua/ysn

Y2In@/puejioH

£861/3benbue [¥8] 1ed
pue ureig pue uosupIm
£10z/s3m19esig

Jeruswdojarsg

ur ydJeasay

[21] "[e 33 sedsiap

sbuipuly Jueas|ay

yse1 buipeal
Jo ainjeu pue Aujepopy

s)uswIniIsul
/S9W0dIN0
Buipeas painseapy

SsyusWINISUl
/sanideded painseaiy

sansuRRIRYD
/9z1s 3|dweg

9AI123[qo pue
ubisap Apnis

abenbue)
/K13uno)

1eafk uonedygnd

/jeuinor

Apnis

‘panupiuo) ‘xipuaddy



‘pavodal Jou YN

s00>d'lzL=¢

:(una Buoj ay1 u sureb

1918316 0} ped| poyldw papuey
-OM} B yum Buipieys “a'1) awil JaA0

SIapeal papuey-auo 1oy ueyy Appinb (219 ‘Buiggnuids L1-£ dbuel paads buipeal
2iow Apuedyiubis paseanul siapess S|eLSlew PajdeIIu0d ‘suolssalbai) ‘168 =W (4eak |euyy) aby uo susayjed
papuey-omy Jo paads buipeay — A|Iny pue ‘pardesuod sansuaeIRYd /—€ abuels JUSWAAOW puey

(920=1tv1'100>d '66'€ = (LT

Ajjerued ‘pardenuodun

JUSWIAO ‘susaned

‘€65 =W (1eak 1s1yy) aby

J0 edwi sujwexd

600¢/ssaupullg

‘Z1)4) asn wisned puey Aq payedw papnpu buipeay Juswanop ‘Buipeas SeWId) €7 ‘OeW G| iy ‘leuipnybuoy teak ysi|buz/epeuey 19 JusuwLredw

Apuedyiubis sem a1es buipesy — ‘buipeas abesseq ‘pnojy (wdm) paads 10} pasn (s)pueH :1010p ge=u -9Al pazijewuop :ubisag pue ysn |ensiA Jo jewnor 98] ‘|e 19 WbuMm
(pa1uasaid sasAjeue |ednsiiels sa1eJ Buipeas paseanul

ou Inq elep mel) ,sdjes buipeas weiboid Buuieny

159158} YUM pajeidosse si, (dul| 5ads jou JUSWIAOW-puURY

9y} JO Jjey puodas ay3 Joy 1ybu ayr

pue aul] 9y} Jo jjey 1sily sy) Joj Y|
9y} ‘buipeas spuey yioq) 9 Aiobaze) —

K>eandde 1oy synsai uedyiubis

ou Inq ‘(1000 > d ‘6v'¥€ = (S§

‘1)4) sawi buipeas yum diysuoneas

1SNQOJ B PaJeISUOWP duaia)aId

puey pue asn puey :peo| Alowaw
1USLNJU0D Japun uoisuayaidwo) —

(100>d ‘5172 = (8LL

‘2)4) paads buipeas paseanul sisi|
Jo Aejiwis [earbojouoyd :s1sl| [[e39Y —

(so0>d

‘7€'9 = (S ‘1)4) Aendde pue

(100>d ‘656 = (S5 '1)4) paads

sbuipuly Jueas|ay

d]|leiq parpesuodun
SA Pa1deJU0d
— buipeas abessed ‘pnojy

e JaYIdyYM duIwIlp
0) :wiy ‘Apns
|euondas-ssol) :ubisaq

9661/ssaupullg
3 Juawutedw|
|ensIA JO jeuwsnof

susaed Juswsrow 71-9 3by

(wdm) paads  pueH :01op ‘DI PAIIUGO) w=u ysiibuz/ysn [s8] Ao|swiom

T
=
E
=
=
a
4
<
o]
-
-
E
Z
=
oc
<
=
z

yse1 buipeal
Jo ainjeu pue Aujepopy

s)uswIniIsul
/S9W0dIN0
Buipeas painseapy

SsyusWINISUl
/sanideded painseaiy

sansuRRIRYD
/9z1s 3|dweg

9AI123[qo pue
ubisap Apnis

abenbue)
/K13uno)

1eafk uonedygnd Apnis
/]euinor

‘panupiuo) ‘xipuaddy



	ABSTRACT
	Introduction
	Methods
	Stage 1: identifying the research questions
	Population
	Concept
	Context


	Stage 2: identifying relevant articles
	Stage 3: article selection
	Stage 4: charting the data
	Stage 5: collating, summarizing, and reporting the results

	Results
	Relationship between capacities, braille reading and instruments used
	Tactile capacities
	Motor capacities
	Cognitive capacities

	The relationship between age and reading performance

	Discussion
	Relationship between capacities and braille reading and the range of instruments used
	Tactile capacities
	Motor capacities
	Cognitive capacities

	Consideration of age
	Limitation and weaknesses of this study

	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References




