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CHAPTER - 1l
REVIEW OF RELATED LITERATURE

2.0 Introduction

In the first chapter, Rationale along with objectives has been given.
The present chapter is devoted to reviewing researches elated to different
aspects of Expanded Core Curricular Skills of children with visual impairment.
For better understanding, the research has been classified under the captions

as follows:

2.1 Expanded Core Curriculum for Visually Impaired Children
2.2 Academic Skills

2.2.1 Braille Reading Skills & Fluency

2.2.2 Use of Slate & Stylus and Braille Writing

2.2.3 Application of Nemeth Code

2.2.4 Abacus Usage

2.2.5 Study & Reference Skills

2.2.6 Use of Tactual or Printed Charts, Graphs & Maps
2.3 Career Education

2.3.1 Resources Available for Blind and Low Vision
2.3.2 Career Decision

2.4 Independent Living Skills

2.5 Knowledge of Orientation & Mobility

2.6 Application of Technology

2.7 Academic Achievement of Visually Impaired Students

2.8 Academic Skills of Low Vision

2.1 Expanded Core Curriculum (ECC)

Lohmeier (2005) viewed historically; specialized schools for the blind
were the only options for educational programming available to students with

visual impairments. Throughout the 19th century and into the mid-20th
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century, the instruction in specialized schools consisted primarily of the core
curriculum or academic areas (Zebehazy & Whitten, 1998). Current research
suggested that specialized schools should provide instruction in both
academic and specialized skill areas. The eight specialized skill areas
identified within the expanded core curriculum are compensatory academics,
social development, recreation and leisure, independent living skills,
orientation and mobility, technology, career development, and visual efficiency
(Hatlen, 1996). Sighted individuals learn these life skills incidentally and
through modeling, but students who are blind or visually impaired have
little or no opportunity to acquire them through that kind of learning.
This study examined whether specialized schools for students who are blind
or visually impaired in the United States are including the eight areas of the
expanded core curriculum in their instructional programs and whether they are

doing it before, during, or after school hours.

Recent research has supported the importance of the ECC and has
investigated the current state of ECC instruction in the United States.
The Council for Exceptional Children (2009) included all nine areas of the
ECC in its list of the knowledge and skills that beginning teachers of students
with visual impairments need. It included only the skills and knowledge that
have been validated by research as valuable for the education of children with
disabilities, thus indicating that the larger educational community recognizes

that all areas of the ECC are important for students with visual impairments.

Lewis, Savaiano, Blankenship, & Greeley-Bennett (2014) conducted
an extensive review of existing literature to identify intervention research in
three areas of the expanded core curriculum (ECC) for students with visual
impairments: independent living skills, self-determination skills, and social
interaction skills. Students with visual impairments often struggle to develop
competence in these three areas without direct instruction, yet it is thought
that they are critical for successful adult functioning. Results were
summarized by the ECC area, with seven (30%) studies on independent living

skills, six (26%) studies on self-determination, and ten (43%) studies on social
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skills. Single-subject multiple baseline designs were most commonly used,
though many of the researchers failed to demonstrate experimental control
through sufficient replications of their interventions to support causality. Based
on the paucity of intervention studies, the authors concluded that there are
few research-based strategies to facilitate the development of skills in these

three areas.

Wolffe & Kelly (2011) reported that the National Longitudinal
Transition Study 2 (NLTS2) is a nationally representative, longitudinal
database of high school and post-high school transition-aged youths with
disabilities. The tools used in the data collection process included interviews
with parents or guardians and with the youths; surveys of teachers, school
programs, and school characteristics; students' assessment histories; and
transcripts detailing which courses the students had taken, the grades the
students received, and the students' attendance records. The descriptive data
pertaining specifically to measures of the ECC fell into two categories: youths
with low vision and youths who are completely blind. The analyses indicated
that there are numerous significant relationships between the receipt of
instruction in ECC-like content areas and meaningful outcomes, such as

employment, postsecondary training, and engagement in social activities.

Ringwalt (2013) investigated how the Expanded Core Curriculum
(ECC) was taught to high school students who are blind or visually
impaired at the Indiana School for the Blind and Visually Impaired (ISBVI).
The study focused on three students pursing different academic tracks with
varying degrees of vision. The students were observed throughout their
school day and during residential time. Following the students through the day
brought to light the instructional strategies that the teachers used to assist
them in mastering the components of the ECC. Differences were apparent
between the components of the ECC taught in the classes where students
were working towards a certificate of completion and classes where students
were working towards a diploma. Students who were working on a certificate

of completion focused on independent living skills, recreation and leisure skills
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and social skills. Students working towards a diploma received more
instruction in compensatory skills, visual efficiency skills and assistive
technology skills; the one ECC component that was consistently instructed to
all students was instruction in orientation and mobility. Four themes emerged
from analyses of the observations and interview data: 1.the time needed to
provide the instruction, 2.to whom does the responsibility fall for instructing
students in the Expanded Core Curriculum (ECC), 3.the level of preparedness
of students who attend ISBVI; and, 4.differences in opportunities for students

in academic vs. life skills classrooms in ECC instruction.

Sapp & Hatlen (2007) surveyed the views of teachers of students with
visual impairments and O&M specialists of the ECC, all the participants
responded to open-ended questions with positive comments about the
importance of the ECC in the lives of their students. Most of them discussed
how the skills in the ECC prepare students for real life. Some went further,
stating that when students master ECC skills, it is the "difference between life
and a successful life," and students who received high-quality instruction in
the ECC have a "richer quality of life" than do those who do not.
Some participants were even more passionate about the importance of the
ECC, stating, "It [the ECC] is everything...almost more important than
academics" and "What point is there in reading/writing/math if you have no

friends and can't get a job?"

Lohmeier, Blankenship & Hatlen (2009) findings were supported by
those of other studies that reported teachers of students with visual
impairments and O&M specialists do not have enough time to teach self-
determination skills, one of the areas of the ECC (Agran, Hong, &
Blankenship, 2007). A direct evaluation of how teachers of students with
visual impairments spend their time also showed that the teachers spent most
of their time on academic and compensatory skills and only a limited time on
other areas of the ECC (Wolffe, Sacks, Corn, Erin, Huebner, & Lewis 2002).

Much of the time that the teachers spent on areas of the ECC that are not
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closely tied to academics occurred in an unplanned and unstructured manner

that limited their instructional effectiveness.

Lohmeier, Blankenship, & Hatlen (2009) completed a survey of
professionals’ views about the National Agenda for the Education of Children
and Youths with Visual Impairments, Including Those with Multiple Disabilities
and the ECC. They found that most respondents believed that teachers of
students with visual impairments and O&M specialists were knowledgeable
about the ECC and that most were committed to the need for assessment and
instruction in all areas of the ECC. Unfortunately, they also found that most
respondents did not believe that these professionals had the time to teach all
areas of the ECC.

Sapp & Hatlen (2007) national surveyed 50 professionals who
attended 16 university training programs found that more instruction for
preservice teachers in the ECC is provided now than in the past. Students
who graduated in the past 10 years, compared to students who graduated
earlier, rated their training higher in all areas of the ECC, with differences in
scores on career skills, self-determination, social skills, and technology skills
reaching significance (p<.05). Despite this improvement, all but two
respondents listed suggestions for skills in the ECC for which they wished
they had received more training: skills in specific areas of the ECC, ways to
incorporate the ECC into the typical school day, applying the ECC to students
with a range of visual and intellectual abilities, and incorporating the ECC into
students' IEPs and lesson plans. The differences in responses indicated that
some personnel preparation programs are strong in preparing teachers for

providing instruction in the ECC, but that all can improve in some areas.
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2.2 Academic Skills
2.2.1 Braille Reading Skills & Fluency
1. Braille Training

Ryles (2004) reported on a research study that has revealed that
literacy rates of blind high school students who began their Braille education
at an early age are consistent with those of their sighted peers. The study
further disclosed those legally blind children who received infrequent or no
Braille training, or who began their Braille education later in life, exhibited

noticeably lower literacy rates.

Hooper, Ivy & Hatton (2014) identified constant time delay as an
evidence-based practice to teach print sight words and picture recognition.
The authors tested the effectiveness of constant time delay to teach new
braille words. A single-subject multiple baseline across behaviors design was
used to investigate the use of constant time delay to teach recognition of
highly motivating braille words to four students with visual impairments and
intellectual disabilities. Results showed that each participant learned all words
taught (9-12 words each). A functional relation was demonstrated for all four
participants by immediate changes in trend from baseline to intervention.
This was the first published report of the successful use of constant time delay
to teach braille word recognition to students with visual impairments and
intellectual disabilities. An attending cue was introduced into the procedures
for students with a low number of unprompted correct responses, and results
were positive. Possible sources of variability in word retention were

discussed.

2. Phonological Awareness of Braille Readers

Greaney & Reason (1999) measured the phonological performance of
a sample of 22 braille readers aged 7:10-12:1 years. They found that the
scores achieved for each test of phonological awareness/memory were higher
than those expected from the norms of sighted children. However, in spite of

this phonological superiority, the braillists did not read as well as sighted
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children, and authors concluded that progression from phonological to

orthographic awareness was hard to achieve for children who were blind.

Gillon & Young (2002) compared the phonological-awareness skills of
nineteen New Zealand children aged 7-15 years who were using braille as
their reading medium, with those of a control group of sighted children who
were chronologically three years younger but of the same reading age.
They found that children who had difficulty reading braille were also delayed
in their development of phonological awareness, demonstrating strengths and

weaknesses that were similar to those of the younger sighted children.

A study by Dodd & Conn (2000) in the UK, asked children (average
age 10:1) with and without visual impairments to segment words phonemically
with and without braille contractions. They too found that braillists performed
below the level of sighted children on reading measures, but also found that
they performed relatively poorly on phonological awareness skills in
comparison with a matched group of sighted children. In particular, they found
that the participants who were blind scored lower on segmenting words that
contained braille contractions, concluding that the logographic nature of braille
(e.g. the fact that contracted braille symbols such as ‘the’ in the word ‘further’
can cut across phonological boundaries) affects a reader’s ability to segment
words phonemically and that some phonological difficulties might be related to

‘the nature of contractions in braille orthography’.

Barlow-Brown & Connelly (2002) noted that in relation to young pre-
school children, congenitally-blind children do not receive exposure to
environmental print and do not generally learn to recognise written letters of
the alphabet prior to schooling in braille. In comparison, Treiman &
Rodriguez (1999) found that most fully sighted children begin school able to
recognise approximately 15 print letters. Barlow-Brown and Connelly found
that blind children ‘with no knowledge of written letters or written words
showed no ability at measures of phonological awareness’ whereas ‘Blind

children with knowledge of written letters and no written words showed much
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increased phonological awareness’. The authors noted that letter learning is a
major contributor to the development of phonological awareness in children
who are blind, and phonological awareness skills develop only after children
who are blind experience a written form of language, arguing that ‘learning to
recognise braille letters provides the impetus for improvements in
phonological awareness’ . They concluded that, whereas for sighted children
knowledge of letter names goes hand-in-hand with knowing what the letter
name refers to (the orthographic symbol), ‘until blind children learn braille
letters they can’t make this connection and the development of phonic

awareness is stifled as a consequence’.

Murphy, Hatton & Erickson (2008) investigated strategies in a survey
of the early literacy practices of 192 specialist visiting teachers of pupils with
visual impairment who work with preschool children in the USA, for promoting
phonological awareness used by teachers. These included: singing and
listening to songs, nursery rhymes and chants; reading stories with interesting
sounds/rhythms; building knowledge of sound-symbol associations in
meaningful contexts; inventing words that rhyme with child’s name; playing
with sounds in words (e.g. tongue twisters, nonsense rhymes); playing word
games with children to identify beginning sounds in words; pointing out
particular sounds in words when reading a storybook; emphasising the
number of syllables or phonemes in spoken words . The study found that
most teachers did not use direct structured instruction to promote
phonological awareness, such as pointing out particular sounds in words or
emphasising the number of syllables or phonemes in spoken words, nor were
they implementing recommended practices in early literacy such as promoting
phonological awareness and the function of writing. The authors suggested
that this may be for want of an access to current resources on teaching
literacy, and concluded that there was a need for the development of

resources that address phonological awareness skills.

Crawford & Elliott (2007) focused research into phonological methods

for learning to read braille involved 6 Australian braille readers in primary
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schools. Crawford found that teaching braille letters as phonemes resulted in
more efficient performance than teaching braille letters as graphemes, and
they reported that their work confirmed results from an earlier study with
preschool blind children (Crawford, Elliott and Hoekman, 2006) which found
that introducing braille words as onset- rimes ‘produced statistically significant
better performance in comparison to instruction in braille words as whole
words’. This in turn mirrored the findings of Vik and Fellenius (2007) with six
primary school braille readers in Norway. This finding implies that some
contractions may interfere with a style of teaching which emphasises phonic
analysis, for example, simple upper word signs (such as ‘p’ for people), or
where contractions do not align with phonic boundaries (such ‘the’ in ‘other’

and ‘of in ‘roof’).

Studies of blind children in the early stages of schooling generally
support the view that they match children who are fully sighted in most
aspects of phonological awareness. However Emerson, Holbrook &
D’Andrea (2009), reporting on the findings of the ABC Braille study,
suggested that while young beginning braille readers in kindergarten and first
grade (ages 4-6) did not have great difficulty acquiring basic reading skills,
they began to show ‘deficiencies in acquiring higher level decoding skills’ in
second grade and above (age 6+ years). The tests that focused specifically
on phonemic awareness showed most children in kindergarten (75%) had
acquired 5-7 of the 7 basic skills for this age range including blending word
parts, blending phonemes, detecting initial sounds, and linking letters to
sounds. By first grade the children had developed 7 or 8 of the 8 basic
reading skills, including substituting initial/final consonants, and blends in the
final position. However, when it came to applying these phonological skills to
acquire higher level skills such as recognising CVC words (e.g. mat), or CVC
words with a ‘Magic E’ (e.g. mate), children’s results were much less
consistent. Indeed Erickson & Hatton (2007) identified specific strategies

such as repeated readings, direct instruction in phonics, and big word
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decoding that emphasizes morphemes, as being of great benefit to school-

aged children with visual impairments and blindness.

More recently, Hatton, Erickson & Lee (2010) examined the
phonological awareness of 22 young children with visual impairments and no
additional disabilities aged 4-7 (average age 5.4). The study tested for
syllable-segmentation, ‘sound-isolation’ (the ability to recognise onset and
produce isolated sounds at the beginning of words), and sound-segmentation
skills (the ability to segment individual words into sounds and phonemes) and
‘letter sound knowledge’ (the ability to identify letters and digraphs when they
are written down). The study found that the phonological awareness skill of
the children in the sample was commensurate with those of children who were
fully sighted. It also found that within the sample of visually impaired children,
potential braille readers scored better on the first three tests than potential
print readers. Among the possible explanations they put forward for this
finding was that potential braille readers are more attuned to the sounds in
oral language than potential print readers (who may be more attuned to visual
stimuli). The authors concluded with earlier findings of Millar (1997) who found
that ‘the phonological skills and preferences of young blind children should
make it easier for them to learn the phonemic detection and segmentation

skills that are needed for learning braille’.

3. Reading Media

Ryles (1996) compared a number of outcomes for congenitally legally
blind adults who learned to read braille or print as their original reading
medium. It was found that those who learned to read using braille had higher
employment rates and educational levels, were more financially self-sufficient,

and spent more time reading than did those who learned to read using print.

Rogers (2007) found only 107 children who used both print and Braille
for reading or writing. This constituted approximately 17% of the population of
children aged between five and sixteen who used Braille. Rogers suggested

that, because visual processing is faster and more efficient than tactile
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processing, print initially may be the preferred format, particularly in reception
classes, where children are not required to process large amounts of
information. Almost all the children (86%) had begun by learning print in
reception class, but by the age of seven 54% had also been introduced to

Braille.

Lusk & Corn (2006) noted that a single-medium policy was common in
the United States in the 1980s but that dual use was now seen as a positive
advantage for some children. They studied dual-media learners in the United
States and explored the instructional methods and curricular decisions of
teaching dual media to students with low vision and reported the students’
present literacy levels and reading rates and their teachers’ expectations for
future levels of literacy. They found a generally positive attitude towards both
print and Braille among the students. Only half the students who used dual
media had progressively deteriorating eye conditions. Only 15% used
standard print with optical devices as their primary reading medium. In
addition, 49% used large print, 19% used Braille, and 18% used standard
print without optical devices as their primary reading medium. All the students
used at least one method of accessing print and were learning or using

Bralille.

Goudiras et al. (2009) examined reading media (braille, cassettes,
screen-reader, screen-magnifier, large print, low vision aids, CCTV) used by
visually impaired adults. This article reported the results of a research project
involving 100 people with visual impairment. The participants were
interviewed and asked to fill in a questionnaire to gather data on use of
different reading media and the training in use of reading media, as well as
age, gender, age of onset of visual impairment, education, and place of
residence. The authors also explored participant perceived advantages and
disadvantages of the various reading media, and the perceived suitability of

each reading medium for daily, educational, and professional tasks.
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Klingenberg, Fosse & Augestad (2012) estimated the occurrence of
braille-reading students in Norway who were educated according to their
grade-level progression in mathematics from 1967 to 2007. It also analyzed
the association among these students' progression in mathematics and the
causes of visual impairment, the age at which the diagnosis was established,
the students' gender, and the students' use of reading media (braille as the
sole, primary, or secondary literacy medium). A retrospective, population-
based study design was used. All the students who had received braille
education in the past four decades prior to the study were included. The
following data were abstracted from each student's records: birth year,
country of birth, gender, year diagnosed, diagnosis, type of reading media,
and whether the student's education had followed their grade-level
progression. The results showed that in total, 248 braille-reading students
were identified. Of these students, 141 (57%) had been taught mathematics at
grade level. In 19 of the 45 principal eye diagnoses that were registered, all
the students were educated according to the normative grade progress in
mathematics. There were no statistically significant associations between
gender and the abstracted variables or between mathematics education and
reading media. During the four decades under study, there was some
variation in the distribution of different diagnoses. Students with diagnoses
related to the central nervous system had a comparatively higher risk of not

attaining their normal grade level in mathematics.

Njue, Aura & Komen (2014) reviewed that Braille remains the main
medium of reading and writing among persons with blindness world over.
This study aimed at establishing factors that have continued affecting Braille
competency among young beginners in Kenya. The study was carried out at
Thika School (Thika County) and St. Lucy School (Meru County), both being
among the largest schools for learners with visual impairments in Kenya.
The study adopted a descriptive survey design. A random sample of thirty
girls and thirty boys was selected for the study. Five out of the eight teachers

teaching reading and writing of Braille participated in the study.
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Two English lessons were observed in progress in each of the schools under
study. The study revealed that there were no arrangements put in place to
train children in reading readiness skills before introducing them to reading
and use of Braille. There lacked uniformity in the way teachers approached

the teaching of Braille.

Zebehazy & Wilton (2014) investigated the perceptions and practices
of teachers of students with visual impairments in Canada and the United
States regarding graphics (both tactile and print) that are used by students
with visual impairments. Questions focused on quality, importance, and
instruction in the use of graphics. An electronic survey was disseminated.
Results were summarized by percentage, based on the number of
respondents who answered each question. Parallel questions that compared
responses for tactile versus print graphics were statistically compared using
the Wilcoxon signed-rank test, and effect sizes were computed.
Results showed that in general, teachers valued the use of graphics and the
need to provide instruction. Significant differences were found in how teachers
answered tactile and print graphic questions. Fewer than 50% of the
respondents felt that graphics were appropriately adapted on large-scale
assessments, that there was sufficient instruction in the use of graphics in
mainstream classrooms, or that there was an adequate amount of
instructional time to teach the use of graphics. Findings highlighted a need to
gain insight into effective teaching strategies that help students gather

information from both tactile and print graphics.

Al-Said (2010) explored the notion of what constitutes literacy,
particularly as pertaining to people who are blind or visually impaired,
specifically those that do not use Braille as their primary way to access and
produce text. A mixed design was used including a biographical presentation
of what it means to be blind and "literate” or "illiterate". Additionally, a
gualitative study was conducted exploring the understanding of what literacy,
as applied to a population of blind and visually impaired individuals, means.

Four groups of stakeholders (a) University students, (b) teachers, and
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(c) professionals, each of whom worked with or were themselves blind or
visually impaired, and (d) literacy specialists were interviewed.
An experimental study was conducted to determine if differences existed
among three groups of individuals in their ability to process and recall
information through their preferred way of processing text as opposed through
audition alone. The three groups were individuals who were blind or visually
impaired and either used Braille or did not and individuals with sight who read
the visual print. The results of this experiment were that there were no
differences found across and within groups in terms of amount of information
retained when allowed to access text in their preferred way or by listening to it
alone, with the exception of sighted individuals who retained more information
when reading rather than listening to text. These results were presented as
feedback to the original interviewees to determine whether these results
would change the views of any of the original interviewees with respect to
their notions of literacy and the role of auditory-based access to text.
The results of the study revealed a very complex understanding of what
constitutes literacy but a general consensus as to what literacy means across
those who were interviewed and suggested that Braille was not the only viable
approach to accessing text, but because of technological advances, audition
is also viable.

4. Braille Assessment

Sacks, Hannan & Erin (2011) viewed children's perceptions of
learning to read and write braille was measured using an open-ended 10-item
guestionnaire. The data were evaluated by amount of time, level of
contractedness, and level of achievement. No differences were found with
respect to time or the introduction of contractions. Differences were apparent
between the high- and low-achievement groups.

Bell, Ewell & Minov (2013) documented the need for, pilot testing, and
validation of the National Reading Media Assessment (NRMA). The NRMA is

an assessment of the visual reading efficiency of youth ages Pre-K through
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12" grade who are visually impaired. The tool was designed to measure the
extent to which large print materials are sufficient to complete academic tasks,
whether Braille should be introduced, or whether the youth should be given
primary instruction in Braille. Findings supported the efficacy of this tool in
making the decision to recommend print, Braille, or dual media for pre reading

youth and those in kindergarten through 12" grade.

Greaney, Tobin & Hill (1998) tested the reading of 317 UK Braille
readers using a Braille version of the NARA (Neale Analysis of Reading
Ability)-a popular reading test developed for sighted children that tests reading
speed, accuracy, and comprehension. The data showed that the average
reading ages for accuracy, comprehension and speed for the sample
generally fall below their chronological age, and lag behind both fully sighted
and low-vision readers. The size of the “lag” increases with age. In the case of
Braille, however, the area of greatest lag was found in reading speed.
The disadvantages of the reduced speed of information processing increased
as children move through the education system.

5. Hand Movements while Reading Braille

Myers (1976) has shown that children acquainted with Braille can
usually read better with their left than with their right hand. It is also known
that, at least in right-handed people, the right cerebral hemisphere is
dominant for counting dots. The study compares, in right-handed subjects
unacquainted with Braille, the comparative skill of right and left middle (M) and
index (1) fingers in counting Braille dots. In one experiment with 30 subjects no
significant difference was found between LI and RI fingers. Another
experiment failed to reveal any R/L differences although it detected a
superiority of |1 over M fingers at P less than 0.025. When the task was split
between the two | fingers working simultaneously they performed significantly

(P less than 0.001) better than when working alone.

Wilkinson & Carr (1987) reviewed four reading-related, information-

processing tasks administered to right-handed blind readers of braille who

Expanded Core Curricular Skills and Academic Achievement of Students with Visual Impairment in Inclusive Education for the Disabled at Secondary Stage



55

differed in level of reading skill and in preference for using the right hand or
the left hand when required to read text with just one hand. The tasks were
letter identification, same-different matching of letters that differed in tactual
similarity, short-term memory for lists of words that varied in tactual and
phonological similarity, and paragraph reading with and without a concurrent
memory load of digits. The results showed interactions between hand
preference and the hand that was actually used to read the stimulus
materials, such that left preferrers were significantly faster and more accurate
with their left hands than with their right hands whereas right preferrers were
slightly but usually not significantly faster with their right hands than with their
left hands. In all cases, the absolute magnitude of the left-hand advantage
among left preferrers was substantially larger than the right-hand advantage
among right preferrers. The results suggested that encoding strategies for
dealing with braille are reflected in hand preference and that such strategy
operated to modify an underlying but somewhat plastic superiority of the right
hemisphere for dealing with the perceptual requirements of tactual reading.
These requirements were not the same as those of visual reading, leading to
some differences in patterns of hemispheric specialization between readers of

braille and readers of print.

Wright, Wormsley & Kamei-Hannan (2009) reviewed that using a
subset of data from the Alphabetic Braille and Grade 2 Braille study,
researchers analyzed the patterns and characteristics of hand movements as
predictors of reading performance. Statistically significant differences were
found between one- and two-handed readers and between patterns of hand

movements and reading rates.

Scheithauer & Tiger (2014) viewed line tracking is a prerequisite skill
for braille literacy that involved moving one's finger horizontally across a line
of braille text and identifying when a line ends so the reader may reset his or
her finger on the subsequent line. Current procedures for teaching line
tracking are incomplete, because they focused on tracking lines with only

small gaps between characters. The current study extended previous line-
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tracking instruction using stimulus fading to teach tracking across larger gaps.
After instruction, all participants showed improvement in line tracking, and 2 of

3 participants met mastery criteria for tracking across extended spaces.

6. Use of Grade 1 and Grade 2 Braille

Clunies-Ross (2005) summarised the debates in the United States
over the use of grade 1Braille, noting its increasing use with particular groups,
including beginners of all ages, children with learning difficulties, mainstream
teachers, and parents. Study reported that grade 1 Braille is seen as an
additional option rather than a replacement for grade 2 Braille, with learners

making the transition from grade 1 to grade 2 at some stage in their learning.

Herzberg, Stough & Clark (2004) reported that during the past 50
years, teachers have used grade 2 braille as the preferred method of teaching
reading to children and adults. Grade 2 braille involved the use of the
traditional alphabet, along with 189 different characters and contractions that
represent a group of letters or whole words. Ponchillia and Durant noted that
braille research has focused on the proficiency of braille readers, but few
studies have been conducted on the instructional methods used by braille
teachers. This pilot study interviewed four certified teachers of students with
visual impairments (that is, those who are blind or have low vision) to examine
the assessment and instructional strategies that they used with their students.
Interviews, the primary method used to collect data for this study, were
conducted by the first author over a four-week period and ranged in duration
from 30 minutes to 75 minutes. Findings included: (1) four common factors
affected the assessment process; (2) teaching grade 1 braille requires
different strategies and materials than does teaching grade 2 braille; and
(3) for students to be successful in learning grade 1 braille, teachers thought
that their students must understand how the knowledge of braille would be of

benefit to them.

Emerson, Holbrook & D’Andrea (2009) investigated that the
Alphabetic Braille and Grade 2 Braille Study found no difference between high

Expanded Core Curricular Skills and Academic Achievement of Students with Visual Impairment in Inclusive Education for the Disabled at Secondary Stage



57

and low achievers in the development of literacy skills on such measures as
age, etiology of visual impairment, family attitudes and behaviors regarding
literacy activities, class size, and time spent with a teacher of students with
visual impairments. Some differences between the groups were seen on
measures of social interactions, the introduction of contractions, and time
spent with paraeducators, but the most demonstrated difference was the

provision of consistent structured reading instruction.

7. Spelling Skills of Braille Readers

Monson & Bowen (2008), in a review of research on the development
of phonological awareness by Braille readers, found that relationship
between phonological awareness and Braille is uncertain, because of the lack
of commonality among the studies, the extent of contradictory findings, and
the small number of studies involved Braille readers. Evidence regarding the
written spelling skills of Braille readers is less clear-cut, although recent
studies suggested there is no significant difference in spelling performance
between Braille and print readers. For example, Clark and Stoner (2008)
compared the spelling skills of students who are Braille readers with a
normative sample. The Test of Written Spelling was administered to twenty-
three students who were blind at various grade levels to ascertain their
spelling ability. A one-sample t-test indicated no significant difference in

spelling ability.

Clark-Bischke & Stoner (2009) examined the spelling skills in the
written compositions of 20 students who read braille and offered further
evidence that the skills of these students are similar to those of sighted
students. The assessment of writing samples focused on the number of words
spelled correctly and used an error analysis to describe patterns of spelling

errors.

Hong & Erin (2004) compared the reading and spelling skills of
students who were taught to read using uncontracted Braille with those of

students who were taught to read using contracted Braille. They found no
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significant differences in performance over a range of skills, such as reading
speed, reading accuracy, comprehension, and spelling ability, between initial

instructions in the two types of Braille.

Emerson, Holbrook & D’Andrea (2009) noted that spelling was a
strength for the children in the study, regardless of whether they used
contractions or not and 84% of the children in the study were ‘at or above
grade [age] level’ in spelling’. While children who had been introduced to
higher number of contractions tended to do better in spelling than the children
who had been introduced to fewer contractions, the group with fewer
contractions were not necessarily poor spellers, but the ‘top spellers’ were all
students who had learned ‘many’ contractions. While the findings supported
the view that contractions do not hinder the development of good spelling
skills, the confounding difficulties of the sampling discussed above do not
allow for conclusions to be drawn about the relative effects of learning through
contracted and uncontracted braille on spelling performance. For example,
the good spelling performance of the ‘high contraction’ group may be linked to
the fact that when young braille readers are taught through contracted braille
‘emphasis is usually placed on teaching the letters of which contractions are
composed’ (Millar 1997), i.e. there is an element of uncontracted braille in

every child’s learning.

8. Braille Writing Skill

Swarup & Bhan (2009) examined the difference in the rate of the
acquisition of braille writing skills in students using a slate and stylus in
comparison to a brailler. The study focused on 5 students in a Montessori
School in Mumbia, India. The teachers in the study "concluded that the use of
a brailler significantly improved the speed of Braille writing acquisition and felt
that it would improve the efficiency of the learning process and the acquisition

of braille literacy."

Southern, Clawson, Abowd & Romero (2012) presented the

evaluation of BrailleTouch, an accessible keyboard for blind users on
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touchscreen smartphones. Based on the standard Perkins Brailler,
BrailleTouch implements a six-key chorded braille soft keyboard. Eleven blind
participants typed for 165 twenty-minute sessions on three mobile devices:
1) Braille Touch on a smart phone; 2) a soft braille keyboard on a touchscreen
tablet; and 3) a commercial braille keyboard with physical keys. Expert blind
users averaged 23.2 words per minute (wpm) on the BrailleTouch
smartphone. The fastest participant, a touchscreen novice, achieved 32.1
wpm during his first session. Overall, participants were able to transfer their
existing braille typing skills to a touchscreen device within an hour of practice.
The authors reported the speed for braille text entry on three mobile devices,
an in depth error analysis, and the lessons learned for the design and
evaluation of accessible and eyes-free soft keyboards.

9. Braille Reading Performance and Fluency

The decline in the number of braille readers since 1963 (American
Printing House for the Blind, 1991) has been widely discussed by
professionals and censured by consumer groups (Rex, 1989; Schroeder,
1989; Stephens, 1989). Although there is no consensus on the causes of this
decline, a number of factors have been cited. Among them are the rise in the
number of visually impaired children with additional disabilities who are
nonreaders (Rex, 1989), disputes on the utility of the braille code
(Thurlow, 1988), the decline in teachers' knowledge of braille and methods for
teaching it (Schroeder, 1989; Stephens, 1989), negative attitudes toward
Braille (Holbrook & Koenig, 1992; Rex, 1989), and the greater reliance on

speech output and print magnification technology (Paul, 1993).

Savaiano & Hatton (2013) evaluated whether children with visual
impairments who receive repeated reading instruction exhibit an increase in
their oral reading rate and comprehension and a decrease in oral reading
error rates. A single-subject, changing-criterion design replicated across three
participants was used to demonstrate the association between a repeated

reading intervention and the oral reading rate, comprehension, and error rate.
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Results showed that in visual analysis of the data there was a functional
relation between repeated reading and oral reading rate for two participants
and a functional relation between repeated reading and comprehension for all
participants. There was not a functional relation between repeated oral
reading and error rate. Based on the results of this study, repeated reading

appears to be an effective practice for some students with visual impairments.

Oshima (2014) focused on the associations of braille reading fluency
and individual factors, such as the age at onset of blindness and number of
years reading braille, and the tactile sensitivity of people with early and late
blindness. The relationship between reading speed and these other factors
was examined to identify factors that influence reading speed. Nine people
with early blindness and 10 people with late blindness participated in this
study, which included the measurement of accuracy of word recognition,
braille reading speed, and tactile sensitivity. Results showed a significant
partial correlation between reading speed and the age at onset of
blindness, controlling for number of years reading braille (r = -0.68, p <.005),
and no significant partial correlation between tactile sensitivity and reading
speed after controlling for the age at onset of blindness (r = -0.08, ns).
A direct relationship between reading speed and tactile sensitivity was not
confirmed, and the age at onset of blindness appears not only to mediate the
relationship between reading speed and tactile sensitivity but also may be a

crucial factor influencing braille reading fluency.

Radojichikj (2015) compared reading performance between 8
students who are using Braille and 14 students who are using enlarged print
to read. Reading performance was determined using reading rate (words per
minute, wpm). Reading rate results showed no significant difference (p>0.05)
between those using the Braille (16.62+11.61 wpm) and those using the
enlarged print (27.21+24.89 wpm). Results showed that Braille reader
students read at lower reading rate compared to print reader students with

visual impairment.
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Mohammed & Omar (2011) compared reading performance between
visually impaired and normally sighted school children. Participants (n = 299)
were divided into three groups: normal vision (NV, n = 193), visually impaired
print reader (PR, n = 52), and Braille reader (BR, n = 54). Reading
performance was determined by measuring reading rate and comprehension.
ANOVA was used to compare the results. A statistically significant difference
was found in reading rate between the three groups (p less than 0.0001).
The BR had the lowest reading rate compared to other groups. Only a small
percentage of the visually impaired children were able to achieve a reading
rate within the normal values of normally sighted children. Results of the
comprehension test showed no significant difference in the scores of the three
groups (p = 0.232). The findings of this study suggested that visually impaired
students required a longer time to read and understand a text and this has

implications on the time given to them, especially during examinations.

Veispak, Boets & Ghesquiére (2013) investigated the relation
between reading, auditory, speech, phonological and tactile spatial processing
in a Dutch speaking sample of blind braille readers as compared to sighted
print readers. Performance is assessed in blind and sighted children and
adults. Regarding phonological ability, braille readers performed equally well
compared to print readers on phonological awareness, better on verbal short-
term memory and significantly worse on lexical retrieval. The groups did not
differ on speech perception or auditory processing. Braille readers, however,
have more sensitive fingers than print readers. Investigation of the relations
between these cognitive and perceptual skills and reading performance
indicated that in the group of braille readers, auditory temporal processing has
a longer lasting and stronger impact not only on phonological abilities, which
have to satisfy the high processing demands of the strictly serial language
input, but also directly on the reading ability itself. Print readers switch
between grapho-phonological and lexical reading modes depending on the

familiarity of the items. Furthermore, the auditory temporal processing and
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speech perception, which were substantially interrelated with phonological

processing, had no direct associations with print reading measures.

Argyropoulos & Papadimitriou (2015) in the present study assessed
the performance of students who are visually impaired (that is, those who are
blind or have low vision) in braille reading accuracy and examined potential
correlations among the error categories on the basis of gender, age at loss of
vision, and level of education. Twenty-one visually impaired Greek school-
aged children participated in the present study. The students who participated
were enrolled in different educational settings; that is, special schools and
mainstream educational settings. The research tool was a subset (three
subscales) of a standardized instrument (Test A, Padeliadu & Antoniou, 2008)
that evaluates reading accuracy in Greek. All interactions between
researchers and students were videotaped, and the analysis of the obtained
data was focused on phonological and non phonological-type errors. Results
showed significant differences in performance were found between male and
female participants-t(19) = 2.12, p < .05-as well as between students who
attained primary and secondary education: t(19) = 1.96, p = .05. The average
number of errors in the three subscales correlated very highly, signifying that
performance was very similar. Positive correlation was found between
replacement and subtraction types of error (p < .05), and replacement and
recognition (p <.001), and the total number of errors was positively correlated
with replacement (p < .001), subtraction (p = .001), and recognition errors
(p < .001). Male participants made more replacement errors: t(19) = 2.09,
p = .05; participants in secondary education made significantly fewer errors of
recognition: t(19) = 2.49, p < .05; and students who were congenitally blind
made significantly more errors of addition: t(19) = 1.96, p = .05. Regarding
the recognition type of error, there was a significant interaction effect between
grade and age at loss of vision: F(3/17) = 3.09, p = .05. Participants did not
benefit exceptionally from semantic information, and it is unclear whether a
higher school level leads to the improvement of braille reading accuracy.

“‘Reading the entire word” seemed to be the most effective decoding strategy.
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2.2.2 Use of Slate & Stylus and Braille Writing

Kwaya, Sallehb & Majidc (2010) compared the effectiveness of Braille
writing with slate and stylus the conventional method and the A-J+3+6
method. An experimental study was conducted on ten blind students and
eight low vision students using mix-method design. Results showed i) method
A-J+3+6 is more effective in Braille writing than the conventional method,
i) students who used the conventional method tend to do more mirror errors
than students who used the A-J+3+6 method, iii) there is no statistically
significant in Braille writing using conventional method when level of vision

problem and age were controlled.

Allman (1998) compared which braille-related communication skills
233 teachers of students with visual impairments taught and which 531 adults
with visual impairments actually used. Teachers taught use of braillewriters,
computers, audiocassette recorders, and typewriters, but rarely taught use of
slates and styli and sighted readers' services, which were often used by

visually impaired adults. (DB)

Knowlton & Berger (1999) in a survey of 51 teachers licensed to
teach children with visual disabilities in Minnesota found they had high
abilities for using references when transcribing Braille, producing Braille with
Braillewriters, interlining Braille, and using software for Braille transcription,
low abilities for writing with slate and stylus and that few had Braille

transcriber certification.

Kalra, Lauwers, Dewey, Stephelton & Dias (2007) reported less than
3% of the 145 million blind people living in developing countries are literate.
This low literacy rate is partly due to the lack of trained teachers and the
challenges associated with learning to write Braille on a traditional slate and
stylus. These challenges included writing from right to left, writing mirrored
images of letters, and receiving significantly delayed feedback. Extensive
conversations with the Mathru School for the Blind near Bangalore, India,

revealed the need for a robust, low-power, low-cost Braille writing tutor. The

Expanded Core Curricular Skills and Academic Achievement of Students with Visual Impairment in Inclusive Education for the Disabled at Secondary Stage



64

authors presented an iterative and participatory design process resulting in
the creation and refinement of a prototype Braille writing tutor system. This
system used a novel input device to capture a student's activity on a slate
using a stylus and uses a range of techniques to teach Braille writing skills to
both beginner and advanced students. The study reported on lessons learned
from the implementation of this project and from a six-week pilot study at the

Mathru school, and outlined future directions for improvement.

2.2.3 Application of Nemeth Code
1. Literary Braille Data and Nemeth Code

Wetzel & Knowlton (2006) collected reading rate data from both print
and braille readers in the areas of mathematics and literary braille.
Literary braille data was collected for grade 2 and grade 1 braille text with
dropped whole-word contractions and part-word contractions as they would
appear in the Unified English Braille Code. No significant differences were
found between grade 2 and grade 1 braille reading rates or between print and
Nemeth oral reading rates. Reading rates in cells per second for mathematics

were slower than for literary material in both print and braille.

lvy & Hooper (2015) reported many students with adventitious vision
loss or progressive vision loss need transition from print to braille as a primary
literacy medium. It was important that this transition is handled efficiently so
that the student can have continued access to a literacy medium and made
progress in the core curriculum. For this study, the authors used constant time
delay to teach literary braille contractions and Nemeth Code for Mathematics
and Science Notation (hereafter, Nemeth Code) braille symbols to learners
with visual impairments who were making the transition from print to braille.
A single-subject, multiple-probe research design were used to test the
effectiveness and efficiency of constant time delay to teach literary
braille or Nemeth Code. Three female students, aged 13 to 15 years,
participated at a specialized school for students with visual impairments.

The students' braille and math instructor delivered interventions in the

Expanded Core Curricular Skills and Academic Achievement of Students with Visual Impairment in Inclusive Education for the Disabled at Secondary Stage



65

classroom. Procedural fidelity and interobserver agreement data were
collected. Results showed that two students learned 40 short-form literary
braille contractions, and one student learned 28 Nemeth Code symbols
throughout the study. Students appeared to generalize learning after
instruction with the first word set to identify similar contractions. Students
maintained learning throughout the study at high levels. Visual analysis of the
data suggested a functional relationship between constant time delay and
contraction identification. This study replicated previous work (Hooper, Ivy, &
Hatton, 2014) to expand understanding of the scope of the usefulness of time
delay in braille education. For students making the transition from print to
braille, constant time delay may be an efficient method to help students
acquire braille. The efficiency itself may increase students' confidence and

motivation to learn braille.

2. Training for Teachers in Nemeth Code

Rosenblum & Smith (2012) gathered data on methods and materials
that were used to teach the Nemeth braille code, computer braille, foreign-
language braille, and music braille in 26 university programs in the United
States and Canada that prepare teachers of students with visual impairments.
Information about instruction in the abacus and the preparation of tactile
graphics was also gathered. A faculty representative from each university
completed a 39-question online demographic survey during fall 2011.
Frequency counts for each item were tabulated, and comments were
reviewed and categorized. Results showed that all 26 university programs
provided instruction in the Nemeth braille code. The authors also provided
introductory information on foreign-language braille, computer braille, and
music braille. There was a high rate of consistency across the programs in
what constituted a braille error. The university programs required students to
prepare tactile graphics and learn computation on the abacus. The delivery of
courses through a hybrid model was most common. University programs were
providing instruction in the Nemeth braille code, though there is variability in

the topics that were covered, the books that were used, and the assignments
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that were required. Most university programs were also exposing their pre
service students to specialized braille codes and were teaching them to

produce tactile graphics and to perform computations on the abacus.

Kapperman & Sticken (2002) discussed the lack of preparation
teachers of students with visual impairments have in the Nemeth Code (the
Braille code for mathematics). It then described a Windows-based tutorial for
sighted persons to learn the Nemeth Code, a tutorial for teachers with
blindness, and how to access the tutorials.

Rosenblum & Amato (2004) examined the preparation in and use of
the Nemeth braille code by 135 teachers of students with visual impairments.
Almost all the teachers had taken at least one course in the Nemeth code as
part of their university preparation. In their current jobs, they prepared a
variety of materials, primarily basic operations, word problems, tactile

graphics, and fractions.

3. Competence of Teachers in Nemeth Code

DeMario & Lian (2000) in a survey asked 205 teachers of students
with visual impairments to rate their perceived competency in transcribing
math materials into the Nemeth code (the Braille code for math) and their
need to do so. Results indicated a significant difference between mean rating

on competency and need for 23 of the 55 listed math skills.

Smith & Rosenblum (2013) presented the initial validation of a
comprehensive set of competencies focused solely on the Nemeth code.
Using the Delphi method, 20 expert panelists were recruited to participate in
the study on the basis of their past experience in teaching a university-level
course in the Nemeth code. The Delphi method used multiple iterations or
"rounds" to develop a consensus. The panelists were given the list of
competencies developed by a focus group and were asked to rank their
importance and the level of resources they would expect a beginning teacher

of students with visual impairments to use. With each round, the panelists
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were provided with the statistical results and comments on the previous
round, so they could make an informed decision on their next rating. Results
showed only three rounds were necessary for the panelists to reach a
consensus. For writing, the panelists reached a consensus on 12 (41%)
statements for importance and 17 (59%) for reference. For reading, they
reached a consensus on 19 statements (66%) for importance and 23 (79%)
for references. Comments from the panelists focused primarily on the fact that
teachers of students with visual impairments need to use resources more
often for writing to ensure the quality of their transcriptions, but that they

should be able to read without resources.

2.2.4 Abacus Usage
1. Application of Abacus

Nester (1974) described is the use by blind persons of the Cranmer
abacus, a computational device adapted from the Japanese abacus. Noted is
the lack of carefully controlled research on its use. A comparison of
calculation by abacus and by paper and pencil was said to indicate that the
use of such mechanical devices does not give the blind competitor an undue
advantage over sighted competitors.

Behr (1976) investigated variables which affect how well children learn
from manipulative aids and how to use such aids in teaching mathematics.
Five small groups from one second-grade classroom were stratified by
achievement and taught using (1) counting sticks; (2) Dienes blocks;
(3) abacus; (4) all three materials; or (5) counting sticks and unifix cubes,
Dienes blocks and graph paper, and the abacus and colored chips. Two- and
three-digit numeration and addition and subtraction with and without
regrouping were presented in 22 lessons involving manipulative, picture, and
symbolic phases. Lesson plans and reactions of pupils were included, in
addition to data from evaluation interviews recorded on videotape and scored
later. The abacus appeared to be less effective for teaching two-digit

numeration than were blocks or sticks, but the three single embodiments
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appeared equally effective for teaching the other topics. Multiple embodiments
were "superior” for developing two-digit numeration, but "not superior” for the
other topics. Use of materials was more effective than non-use of materials

(by a control group).

2. Abacus Instruction by Teachers

Steinbrenner & Becker (1982) examined that by the applicability to
blind and visually impaired students, the study surveyed 25 teacher training
institutions about the kinds of abacus programs available to trainees and the
effectiveness of these programs. On the basis of respondents’ statements, the
authors concluded that majority of programs were both incomplete and

ineffective.

Amato, Hong & Rosenblum (2013) in the study to 196 teachers of
students with visual impairments, reported on the experiences with and
opinions related to their decisions about instructing their students who are
blind or have low vision in the abacus. The participants completed an online
survey on how they decided which students should be taught abacus
computation skills and which skills they teach. Data were also gathered on
those who reported that they did not teach computation with the abacus.
Results showed that the participants resided in the United States and Canada
had various numbers of years of teaching experience. More than two-thirds
reported that abacus computation skills instruction began when their students
were between preschool and the secondary grade. When students were
provided with instruction in abacus computation, the most frequently taught
skills were the operations of addition and subtraction. More than two-thirds of
the participants reported that students were allowed to use an abacus on
high-stakes tests in their state or province. Teachers of students with visual
impairments are teaching students to compute using the Cranmer abacus.
A small number of participants reported they did not teach computation with

an abacus to their students because of their own lack of knowledge.
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3. Comparison of Finger Math and Abacus

Maddux, Cates & Sowell (1983) reported that the use of finger math,
a form of arithmetic computation with the fingers, were compared to use of the
abacus in helping visually impaired and blind students develop mathematic
concepts. Finger math is explained to be more concrete, simple, and

accessible.

Maddux, Cates & Sowell (1984) reported three severely impaired
elementary-level students who were proficient in use of the abacus for
addition and subtraction (through three-digit numbers) displayed no confusion
in the transition from abacus to fingermath, quickly learned fingermath, and
improved in use of the abacus.

2.2.5 Study & Reference Skills

Tuttle (1974) studied three reading media for the blind: Braille, normal
recording, and compressed speech. The subjects were 100 students between
the ages of 14 and 21 attending school in California. All subjects were Braille
readers. The Reading Versatility Test was given to the subjects in all three
forms: Braille, normal recording, and compressed speech. No difference in
comprehension was found between Braille, normal recording and compressed
speech. Braille took almost twice as long as listening to normal recording and
three times as long as listening to compressed speech. Tuttle (1974)
concluded compressed speech was more efficient than either Braille or

normal recording.

Hughes (1979) compared Braille and compressed speech as learning
modes for legally blind adults. The primary purpose of the study was to
determine whether significant differences occurred in the amount of
knowledge achieved as a result o