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ORIGINAL ARTICLE

The association between tactile, motor and cognitive capacities and braille
reading performance: a scoping review of primary evidence to advance research
on braille and aging

Natalina Martinielloa,b and Walter Witticha,b,c

a�Ecole d’optom�etrie, Universit�e de Montr�eal, Montr�eal, QC, Canada; bCRIR/Centre de r�eadaptation Lethbridge-Layton-Mackay du CIUSSS Centre-
Ouest-de-l’̂Ile-de-Montr�eal, Montr�eal, QC, Canada; cCRIR/Institut Nazareth et Louis-Braille du CISSS de la Mont�er�egie-Centre, Montr�eal,
QC, Canada

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
(kappa¼ 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.

� IMPLICATIONS FOR REHABILITATION
� 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.
� 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.
� 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.

� 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.
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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

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

� 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].

� 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.

� 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.

� 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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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
kappa¼ 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 (kappa¼ 0.84 [0.81, 0.87],
p< 0.01). Where doubt remained about inclusion, articles were kept.

Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

� 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

� 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
� 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

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

� 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;

� 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

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

Records iden�fied 
(n = 2842) 

Sc
re

en
in

g 
In

clu
de

d 
El

ig
ib

ili
ty

 
Id

en
�fi

ca
�o

n 

Records a�er duplicates removed 
(n = 2405) 

Records screened 
(n = 2405) 

Records excluded 
(n =  1948) 
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theses, full books, non-
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* 18 had no primary data 
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40 studies) 
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(n = 19) 
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Reference Lists 
(n = 6) 

Figure 1. PRISMA-ScR diagram showing flow of included studies.
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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 (kappa¼ 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
(kappa¼ 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

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, n¼ 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 (n¼ 9), Research in Developmental
Disabilities (n¼ 4), and Neuropsychologia (n¼ 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 n¼ 120 and n¼ 256 respectively, both focused on young
children). The mean sample size among the 40 studies is 37.1 (SD
¼ 46.8) (removing the two outliers: mean ¼ 26.4, SD ¼ 14.1) and
only four have n >¼ 50. Collectively the studies included partici-
pants between the age of 3 and 82 (mean ¼ 30.1, SD ¼ 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%
(n¼ 13) studies included participants over the age of 60, and 25%
(n¼ 10) included only participants below the age of 21.
Importantly, 20% (n¼ 8) did not provide enough information to
determine the age range of participants, and a full 47.5% (n¼ 19)
did not report the mean or median age of participants.

Figure 2. Histogram depicting the number of published articles appearing in each decade since 1934.
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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

Figure 3. Graph depicting the number of articles published by journal of publication.

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%
Capacitya 3 7.5%

Exploring multiple measures 13 32.5%
Age groups represented in sample
Indeterminateb 8 20%
Children (< 10) 11 27.5%
Youth (10� 18) 20 50%
Adults (19� 59) 16 40%
Older adults (60þ) 13 32.5%

aThese 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.
bInsufficient information was provided in these studies to determine the age
range of participants.
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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 55 years 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 85 years of published literature, this
review is noteworthy not merely for the insights it affords, but
also for heightening the discrepancies that remain. Though no

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.
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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

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) N¼ 1

Not sig¼ 1: [10] (Study #1)
N¼ 2
Sig¼ 1: [78]�
Not Sig¼ 1: [27]^

Two-Point Discrimination Test (Moving) N¼ 1
Sig¼ 1: [78]�

Identification of the presence/absence of a gap
Disk Gap Detection N¼ 1

Sig¼ 1: [10]� (Study #1)
Two-Point Gap Discrimination Test N¼ 1

Sig¼ 1: [10]� (Study #2)
N¼ 1
Sig¼ 1: [68]�

Identification of the orientation of a stimuli on the finger
Grating Orientation Test N¼ 3

Not sig¼ 1: [11]
Sig¼ 2: [83]�; [12]�

N¼ 2
Not sig¼ 2: [83], [12]

Line Orientation N¼ 1
Not sig¼ 1: [10] (Study #2)

Two-Point Orientation Test N¼ 1
Sig¼ 1: [10]� (Study #2)

Differentiating the length of stimuli
Length Discrimination N¼ 1

Not sig¼ 1: [10] (Study #2)
Identifying the sensation of touch or vibration
Nylon Filament Test N¼ 2

Sig¼ 1: [68]�
Not sig¼ 1: [78]

Vibro-Tactile Detection N¼ 1
Sig¼ 1: [68]�

Measurement of electrical impulses transmitted through the nerve
Nerve Conduction Study N¼ 1

Not sig¼ 1: [27]^
Active Tests
Differentiating and categorizing based on size/shape/texture
Haptic Figure Orientation Test N¼ 1

Not sig¼ 1: [75]^
Haptic Object Discrimination Test N¼ 1

Not sig¼ 1: [75]^
Haptic Size Discrimination Test N¼ 1

Not sig¼ 1: [75]^
Roughness Discrimination Test N¼ 2

Sig¼ 1: [8]�
Not sig¼ 1: [76]^

N¼ 1
Sig¼ 1: [8]�

Tactual Discrimination Test N¼ 1
Sig¼ 1: [60]�

N¼ 1
Sig¼ 1: [60]�

Tactile Kinesthetic Form Discrimination Test N¼ 1
Not sig¼ 1: [75]^

Determining orientation of tactile figures (logarithmically decreasing size)
Legge “Dot Chart” N¼ 2

Not sig¼ 2: [9] (Study #1); [80]
Legge “Ring Chart” N¼ 1

Not sig¼ 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. ^ Study did not report statistical significance tests or results,
and did not describe the results as being “significant.”
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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 2.28mm [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 2.28mm
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

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

Capacity Speed Accuracy Comprehension

Contact force (pressure) N¼ 1
Not sig¼ 1: [71]

N¼ 1
Not sig¼ 1: [73]^

Hand movement patterns N¼ 11
Sig¼ 10: [72]�, [59]�; [63]�, [64]�,

[67]�, [74] (Study #2)�, [77]�,
[85]�, [86]�, [88]�

Not sig¼ 1: [70]^

N¼ 2
Sig¼ 1: [81]�
Not sig¼ 1: [62]^

N¼ 4
Not sig¼ 4: [59,62,72]^, [67]

Hand used (left/right) N¼ 10
Sig¼ 7: [65]�, [69]� (Study #1 and #2),

[74]� (Study #1), [76]�, [82]�, [84]�
Not sig¼ 3: [58], [66], [77]

N¼ 6
Sig¼ 3: [69]� (Study #1 and #2), [84]�
Not sig¼ 3: [58,66,74] (Study #1)

N¼ 1
Not sig¼ 1: [84]

Finger(s) used N¼ 5
Sig¼ 3: [66]�, [69]� (Study #1), [79]�
Not sig¼ 2: [76], [84]

N¼ 3
Sig¼ 2: [66]�, [69]� (Study #1)
Not sig¼ 1: [84]

N¼ 1
Not sig¼ 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. ^ Study did not report statistical significance tests or results,
and did not describe the results as being “significant.”

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

Capacity Speed Accuracy Comprehension

Intelligence
IQ N¼ 2

Not sig¼ 2: [8]^, [85]
N¼ 1
Not sig¼ 1: [8]^

Processing speed
Rapid automatic naming N¼ 2

Sig¼ 2: [12]�, [83]�
N¼ 2
Sig¼ 1: [83]�
Not sig¼ 1 : [12]

Short-term working memory
Braille span test N¼ 1

Not sig¼ 1: [61]
N¼ 1
Sig¼ 1: [61]�

Listening span N¼ 1
Not sig¼ 1: [61]

N¼ 1
Sig¼ 1: [61]�

Listening comprehension test N¼ 1
Not sig¼ 1: [61]

N¼ 1
Sig¼ 1: [61]�

Speech-in-noise test N¼ 2
Not sig¼ 2: [12], [83]

N¼ 2
Sig¼ 2: [12]�, [83]�

Verbal short-term memory tests (digit span, non-word repetition) N¼ 3
Not sig¼ 3: [12], [61], [83]

N¼ 2
Sig¼ 2: [12]�, [83]�

N¼ 1
Sig¼ 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. ^ 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 N¼ 4
Sig¼ 1: [61]�
Not sig¼ 3: [9]^, [11], [79]

N¼ 2
Sig¼ 1: [79]�
Not sig¼ 1: [61]

N¼ 1
Sig¼ 1: [78]�

Age of onset of blindness N¼ 5
Sig¼ 4: [80]�, [61]��, [77]�, [82]��
Not sig¼ 1: [59]�,

N¼ 1
Not sig¼ 1: [80]

N¼ 2
Not sig¼ 2: [59]�, [61]�

Age braille first learned N¼ 2
Sig¼ 2: [72]�, [67]�

N¼ 1
Sig¼ 1: [72]� (when reading aloud)

N¼ 2
Not sig¼ 2: [72]^, [67]

N¼ 1
Sig¼ 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. ^ Study did not report detailed statistical significance test results. � Study distinguished only
between individuals with “adventitious” or “congenital” vision loss.
� Categorical definitions for age of onset: Chen [59]: Congenital (0–10months), 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.
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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 2.28mm 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 2.28mm 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].
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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

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.
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