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ABSTRACT 

There is a limited understanding of the effects of practice on reading efficiency 

and comfort when students with low vision read standard print with optical devices. This 

descriptive study used a multiple baseline single-subject design to examine effects of 

practice on the reading rate, accuracy, duration and visual fatigue of three high school 

students with visual impairments when they read standard print with newly prescribed 

optical devices (reading spectacles). The study also examined differences between 

measures of reading efficiency and comfort when students read large print without optical 

devices and when they read standard print with optical devices. 

Baseline data were collected prior to intervention. Intervention consisted of daily 

practice sessions reading novels in standard print with individually prescribed optical 

devices for a maximum of thirty-eight minutes. Measures of reading efficiency and 

comfort were graphed daily during baseline and intervention. Oral reading rate, accuracy, 

and comprehension were probed during intervention and maintenance. 

A positive relationship between practice and oral reading rate was demonstrated 

for three students and a positive relationship for silent reading rate for two students. No 

relationship was demonstrated between practice and duration nor between practice and 

fatigue. One student maintained oral reading rate three weeks after cessation of practice 

sessions. 

There were no advantages for reading large print over reading standard print with 

optical devices for two of the students on measures of reading rate, accuracy, or duration; 

one student demonstrated no differences between reading media while the other 
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demonstrated faster reading rates with standard print. One student demonstrated no 

differences in accuracy, but faster rates and longer duration with large print. Although 

students reported the same symptoms of visual fatigue with both media, they 

demonstrated more frequent occurrences of fatigue when reading standard print with 

optical devices. All expressed preference for reading standard print with reading 

spectacles. Reasons included portability, availability of materials, and social implications. 

There were two additional findings not related to the purposes of this study. 

Although all students were proficient readers, their oral and silent reading rates were 

almost equivalent. Individual patterns of miscues appeared to reflect students' visual field 

losses. 



CHAPTER 1 

INTRODUCTION 

What is the preferred reading medium for a student with visual impairment: 

braille, cassette tapes, large print, or standard print? Experts recommend that the selection 

of a literacy medium be based on individual assessment with consideration given to a 

student's reading efficiency and comfort (Caton, 1994; Koenig & Holbrook, 1993; 

Mangold & Mangold, 1989). Because the provision of large print books to students with 

low vision is a common educational practice, students may lack experience reading 

regular size print with optical devices such as magnifiers or special reading glasses. When 

the two reading mediums are compared, differences in reading efficiency and comfort 

which might exist may not be apparent. When students are routinely provided with large 

print materials, opportunities to practice using optical devices to read standard print are 

limited. The primary purpose of this study is to investigate the effects of practice on 

reading efficiency and comfort when reading standard print with an optical device. If 

reading efficiency and comfort increase with practice, educators would be advised to 

provide students with sufficient opportunities to read standard print with their optical 

devices. 

The purpose of this chapter is to present the historical framework for the study, 

the statement of the problem, definition of terms, and the significance of the study. The 

limitations of the study are also described. 

Historical Background 

The ability to read is critically important in our society and contributes to one's 



18 

quality of life (Harris & Sipay, 1985). [ndividuals who are unable to see well enough to 

read standard print face challenges in every aspect of their lives: vocational, educational, 

avocational, recreational, and social. Within the population of individuals with visual 

impairment, difficulty reading standard print is so common that visual impairment has 

been defined as "... the inability to see to read ordinaty newspaper print even when 

wearing glasses or contact lenses" (Nelson & Dimitrova, 1993, p. 80). Schools are 

charged with the responsibility for developing reading skills. In the United States, 

approximately 1.55% of the school age population is affected by a visual impairment 

which is so severe that special education and related services are required (Scholl, 1986). 

The teaching of reading to these children presents special challenges to their teachers. 

Concerned that children with severe visual impairments will have difficulty reading the 

size print found in regular education materials, educators provide alternative reading 

media. These include braille, tape recorded materials, large print books, and 

magnification of print through the use of optical devices such as magnifiers, telescopes, 

or special glasses. 

Historical Emphasis on Large Print 

Approximately ninety percent of children with visual impairments have useable 

vision (Com & Koenig, 1996). Historically, these children were educated in schools for 

the blind where they were taught to read braille. Educators believed that the use of the 

eyes would result in further deterioration of sight. In the early 1900s, sight-saving or sight 

conservation classes were established in the public schools (Scholl, 1986). Lessons were 

presented orally and braille was emphasized, although the curriculum included 
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opportunities for children with low vision to complete small amounts of reading visually. 

Large print materials were initially produced by hand lettering or large rubber stamp sets. 

In 1917, Robert Irwin pioneered the development of printed textbooks for use by students 

with partial sight. Faced with the practical problem of producing large print books which 

could be used by children with various degrees of visual impairment, studies were 

conducted to select a print size and type which could be used by the majority of children 

with low vision. An extremely large print size, 32 point, was selected so that students 

could read at what was considered a safe working distance of fourteen inches. It was 

thought that the use of large print books would eliminate eye strain and fatigue (Eakin & 

McFarland, 1960). Today, the typical print size of large print books produced by the 

American Printing House for the Blind is 18 point print. Although print size has been 

reduced considerably, many educators of the visually impaired as well as regular 

educators and families of visually impaired children continue to believe that the use of 

large print will reduce eye strain and fatigue. 

Although the first mention of the use of optics for people with low vision has been 

found in the literature as early as 1910 (Com, 1996), the potential benefit of optical 

devices was not explored until the medical conmiunity had corrected the belief that use of 

the eyes might cause further damage and that reading at a close working distance would 

result in eye strain. In the early 1950s, low vision clinics were established to serve adults 

who had experienced a loss of vision (Com, 1996). Advances in optical devices and their 

availability allowed many adults to resume activities they had given up after losing their 

vision. Unfortunately, special educators working with visually impaired students were not 
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aware that the optical devices which were being prescribed to adults might also be used 

successfully by children to expand their visual environment. It was not until the early 

1960s that school-age children were first prescribed near vision devices (Com & Ryser, 

1989). 

Prior to the 1960s, little was known about the development of visual abilities and 

skills in children with congenital visual impairment (Morris, 1973). In the early 1960s, 

Barraga (1964) demonstrated that children with severe visual impairments could be 

taught to use their vision more efficiently to complete everyday tasks of living through a 

systematic program of instmction. The change in philosophy which resulted from Dr. 

Barraga's work created new opportunities in the education of children with visual 

impairments. It is now known that the majority of individuals with low vision are able to 

read print if enlarged sufficiently (Genensky, 1980). Frequently, children with low vision 

can benefit from optical devices (Gardner & Com, 1984). However, many children who 

might be able to read standard print with optical devices have not had the opportunity to 

do so (Leat & Karadsheh, 1991). Despite an increasing body of literature on sight 

utilization and technological advances in low vision devices, schools are more likely to 

provide large print materials to students with low vision than to provide optical devices 

which would allow access to standard print materials (Com & BCoenig, 1991). Several 

factors may contribute to the continuation of this practice: (a) a belief that optical devices 

are more costly than large print books (Com & Koenig, 1991; Com, 1996), (b) the failure 

of students to use an optical device after it has been prescribed, (c) fears that students will 

be unable to keep up with classroom demands and homework if large print books are not 
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provided, and (d) beliefs by parents and educators that large print is preferred as it allows 

for more efficient and comfortable reading. Many schools do not have ftmding for low 

vision clinical evaluations and the purchase of optical devices which might be 

recommended. Because large print books are available to educational systems through a 

federal quota system while optical devices are not, many school districts continue the 

practice of routinely providing large print to students with low vision (Com. 1996). 

Students who have been fortunate enough to receive optical devices may not utilize their 

devices in school because the environment is not socially or physically conducive. 

Although research studies have failed to demonstrate any benefits of large print over 

standard print, educational practice has changed little. When optical devices are 

recommended, parents, teachers, and administrators express concems that students will 

fall behind in their school work and experience visual discomfort. 

Comparisons of Large Print with Standard Print 

Within the past two decades, a number of studies have been conducted with 

children who are visually impaired to investigate the effects of print size on reading 

efficiency and comfort (Eakin & McFarland, 1960; Morris, 1973; Legge, Pelli, Rubin, & 

Schleske, 1985). Investigators have compared the reading performance of subjects using 

standard print and large print and have compared their performance when reading 

standard print with different types and/or powers of optical devices. No statistically 

significant differences were found in reading rate, reading comprehension, or accuracy. A 

few studies investigated fatigue (Sykes, 1971) and duration (Goodrich, Mehr, & Darling, 

1980). Researchers concluded that no benefits can be demonstrated for using large print 



when standard print cjin be accessed by bringing the material closer to the eyes or through 

the use of an optical device (Sloan & Habel, 1973). The results from these studies need to 

be interpreted with caution. Because the population of students with visual impairments is 

low incidence, obtaining an adequate sample is problematic. Due to small sample size, 

studies which employed a between-groups experimental design may have failed to reject 

the null hypothesis that there were no differences between large print and small print 

when differences actually did exist. Studies which compared students' efficiency when 

reading large print with that when reading standard print failed to establish students' 

competence using optical devices. Although a few researchers (Koenig. Layton. & Ross. 

1992; Sykes, 1971) claimed that students had been trained in the use of optical devices, 

no data were presented to substantiate these claims. In at least one study, it was evident 

that skill level was not assessed objectively. For example, Koenig et al. (1992) selected 

subjects who were considered to be competent users of their low vision devices. 

However, one participant demonstrated such difficulty using her low vision device that 

training was recommended. 

Selection of Literacy Media 

The selection of appropriate literacy media for students with visual impairments 

has received a great deal of attention in the past few years (Caton, 1994; Koenig & 

Holbrook, 1993). Team decision-making based on the results of individualized 

assessments is considered best practice (Caton, 1994; Koenig & Holbrook, 1993). 

Leaders in the field (Caton, 1994; Koenig & Holbrook, 1993; Mangold & Mangold, 

1989) have proposed that the following factors be considered in the selection of literacy 
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media: portability, reading rate, reading accuracy, reading comprehension, working 

distance from the page, reading duration, and visual fatigue. 

Current Emphasis on Large Print 

Despite a lack of evidence that large print provides any advantage over standard 

print with optical devices, the practice of routinely providing large print to students with 

low vision has continued. Educators and parents appear to believe that reading standard 

print with an optical device is less efficient and more fatiguing than reading large print. 

They express concern that the use of an optical device will result in students falling 

further behind in their work. When optical devices are viewed as medical prosthetics 

rather than educational tools, school districts may be unwilling to pay for clinical low 

vision evaluations or for the devices recommended by low vision optometrists. Because 

of these fears and the belief that the provision of large print will ensure that the needs of 

low vision students are met. low vision evaluations and optical devices may not be 

provided by school districts. Even when provided, students may not use their optical 

devices on a regular basis. This may be due to teacher and student attitudes, the 

unavailability of regular print in the classroom, or a lack of experience in the use of the 

device (Com, 1996). Teachers may be unaware that students have received devices which 

will allow them to access standard print materials or may lack knowledge of the potential 

benefit of the device and fail to infuse its use throughout the day. Students may choose to 

continue to use large print because of its availability in the classroom, their discomfort in 

using devices in front of their peers, or fhistrations they encounter in attempting to use 

their devices. 



Statement of the Problem 

The primary purpose of this study was to investigate the effect of practice on the 

reading rate, reading accuracy, reading duration, and visual fatigue of three students with 

low vision when reading standard print with prescribed optical devices. The secondary 

purpose of this study was to compare students' reading rates, reading accuracy, reading 

durations, and visual fatigue when reading standard print with prescribed optical devices 

with their reading rates, reading accuracy, reading durations, and visual fatigue when 

reading large print. The study was guided by the following questions: 

1. Does practice in reading standard print with a prescribed optical device result in 

changes in the following measures of reading efficiency: reading rate, reading 

accuracy, reading duration, and visual fatigue? 

2. How many hours of practice reading standard print with an optical device are 

completed before reading rate stabilizes? 

3. Will students maintain reading rate and reading accuracy three weeks after 

cessation of practice sessions? 

4. Will students independently choose to read regular print with their prescribed 

optical devices after receiving instruction and practice in the use of the devices? 

5. Are there differences between reading rate, reading accuracy, reading duration, 

and visual fatigue when students with low vision read standard print with optical 

devices and when they read large print? 
I 

Significance of the Study 

It wass hoped that this study would contribute information as to the effects of 
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practice on students' reading efficiency and reading comfort when using prescribed 

optical devices to access standard print. Results of this study may have direct implications 

for practice. If reading efficiency and comfort increase as a result of practice, educators 

could assist their students by providing sufficient opportunities for meaningful practice. 

When low vision devices are prescribed, teachers may need to place more emphasis 

initially on infusing and encouraging the use of the devices than on the quantity of work 

which is completed. This study might provide some general guidelines as to the minimum 

amount of practice a student who is used to reading large print would require before 

achieving comparable measures of reading efficiency and comfort when reading standard 

print with a prescribed optical device. 

Although experts have identified duration and visual fatigue as important factors 

for consideration in selecting an appropriate reading media, these factors have received 

little attention in the research literature. Because teachers of students with visual 

impairment are concerned about visual fatigue, they may fail to extend students' use of 

their eyes for longer periods of reading. Should this study indicate that practice results in 

increased duration and decreased fatigue over time, educators may be advised to increase 

students' duration by gradually increasing periods of continuous reading. 

In addition, the procedures which were utilized in this study might serve as a 

guide for educators collecting objective data on the reading efficiency and comfort of 

students when using different learning media. 

Limitations of the Study 

There were several limitations that might have influenced the results of this study. 
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First, the study did not provide information on the effects of practice on the reading 

efficiency and comfort of students who did not meet the selection criteria for this study. 

Excluded from the study were those students with low vision who (a) were younger than 

11 years of age or older than 21 years of age. (b) were not currently using large print 

texts, (c) were currently using optical devices for long term reading, (d) had visual fields 

constricted to less than 20 degrees, (e) had distance visual acuities better than 20/100 or 

worse than 20/400 in their better eyes, (f) had progressive eye conditions, (g) had verbal 

intelligence quotients outside of one and one-half standard deviations of the mean, (h) 

read below the fourth grade level, (i) had physical conditions which would make the use 

of an optical device difficult, and (j) had speech impairments or other physical difficulties 

which would interfere with rate of speech. 

A second limitation was that students with low vision attending public school 

programs were excluded from this study. Students selected for this study attended a center 

based school for the blind. Throughout the majority of their school day, students received 

direct, daily instruction from teachers of students with visual impairments. Students had 

been reading large print books in their classrooms and had not had equal access to 

standard print text books and optical devices. This study did not provide information on 

the effects of practice on the reading efficiency and comfort of students with low vision 

who attended public school settings where peers were accessing standard print materials. 

A third limitation was that this study did not address the effects of practice on 
t 

reading efficiency and comfort with students who were not willing to participate. 

Findings might therefore be applicable only to those students willing to participate in 
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training sessions. 

A fourtii limitation was the small number of participants which makes it 

inappropriate to generalize results to individuals not included in the study. A small 

sample was selected as this was a descriptive study employing a multiple baseline single 

subject design. The research questions required the collection of many data points. 

A fifth limitation was that this study did not provide information about reading 

efficiency and comfort when students read expository text or when they read text at their 

instructional or fhistration levels, conditions frequently encountered in an educational 

envirorunent. 

Other limitations of this study were related to the failure to control for all threats 

to internal validity. The researcher attempted to reduce threats to internal validity by 

using objective rather than anecdotal data, gathering data continuously over time, and 

repeating the experiment over several participants. The design of the study did not allow 

the researcher to rule out the potential influence of matiuration in those cases in which 

reading rate, reading accuracy, and reading duration increased or visual fatigue decreased. 

It was hoped that the replication of the study over three participants might have reduced 

this threat. 

Definition of Terms 

Informal Reading Inventorv: A non-standardized, individually administered evaluation 

instrument which is designed to reveal information about student's reading strategies as 

they read text similar to that encountered in the classroom. 

Independent Reading Level: The highest level passage on which an individual missed no 



more than one comprehension question (a comprehension score of at least 88% when 

administered the Analytical Reading Inventory and 90% on the Qualitative Reading 

Inventory^ In this study, a subject's independent reading level was defined as the highest 

independent level achieved on both of the two informal reading inventories which were 

administered. 

Large Print: 16 to 18 point print, the size commonly produced by the American Printing 

House for the Blind. In this study, large print was produced by enlarging the original text 

on a photocopier so that the vertical height of a lower case "e" and "o" was equivalent to 

seven sixty-fourths (7/64) of an inch. 

Optical Devices: Magnifiers, telescopes, or electronic enlargers which are individually 

prescribed to allow individuals with low vision to access the visual environment. 

A Person vyith Low Vision: "... a person who has difficulty accomplishing visual tasks, 

even with prescribed corrective lenses, but who can enhance his or her ability to 

accomplish these tasks with the use of compensatory visual strategies, low vision and 

other devices, and environmental modifications." (Com & Koenig, 1996, p.4). In this 

study, a participant was considered to have low vision if visual acuity was 10/50 to 

10/200 (20/100 to 20/400 Snellen equivalent) as measured on the Distance Test Chart for 

Low Vision Patients (Feinbloom). 

Reading Accuracy: The percentage of words read correctly in a passage. In this study, 

reading accuracy was calculated by subtracting deviations from the printed text which 

changed the intent of the author from the total number of words in the passage, and then 

dividing the remainder by the total number of words in the passage. 
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Readinp Comprehension: The ability to understand what one has read, demonstrated 

objectively by providing answers which match the criteria specified in the informal 

reading inventory which was administered. 

Reading Duration: The total length of time an individual was able to read during a thirty-

eight minute session. 

Reading Rate: The niraiber of words read per minute, calculated by dividing the total 

number of words read by the niunber of seconds which elapsed and multiplying the result 

by sixty seconds. 

Standard Print: 8 point (IM print) to 12 point (1.5M print). This is the size print 

commonly found in textbooks, newspaper colunms, and magazine colurrms. The standard 

print format used in this study was equivalent to four and one-half sixty-fourths (4.5/64) 

of an inch. 

Visual Fatigue: Eye discomfort arising from the use of the eyes. In this study, visual 

fatigue was defined as any of the following behaviors: (a) self reports of headache, eye 

pain, brow-ache, twitching of eyes, double vision, or eye strain, (b) observations of eye 

blinking, squinting, rubbing of eyes, tearing of eyes, decrease in working distance, 

looking up from the page, putting head down on desk, requests to stop reading, or (c) a 

decrease in the reading rate of the last oral interval in a session by more than 754% of the 

first oral interval in the session. 

Worlcinp Distance: The distance between the eye and the reading material. 

Summary 

The practice of providing large print as a primary literacy medium has continued 
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even though previous studies have failed to demonstrate any advantage for large print 

over reading standard print with optical devices. This provided the rationale for further 

comparison of the two media. This study utilized a multiple baseline single subject 

research design to investigate the effects of practice on the reading efficiency of three 

participants with low vision when using standard print with individually prescribed 

optical devices. 
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CHAPTER 2 

LITERATURE REVIEW 

This chapter provides evidence to support the need for a study of the effects of 

practice on reading efRciency and comfort when students with visual impairments use 

optical devices to read standard print. Literature in three areas is reviewed: (a) 

philosophical foundations of literacy for individuals with low vision, (b) reading of print 

by individuals with low vision, and (c) selection of literacy media for individuals with 

low vision. Considerations for future research are discussed. 

Philosophical Foundations of Literacy for Students with Low Vision 

Philosophical statements regarding the development of literacy skills in students 

with visual impairments reflect the historical changes in the education of students with 

visual impairment which were summarized in Chapter 1. Position papers written over the 

preceding two decades indicate support for the use of print as a literacy medium given 

sufficient vision. However, arguments have been made against the routine practice of 

providing large type to students who would be able to access standard print if they were 

given optical devices and training in the use of those devices. Several authors 

recommended that decisions regarding literacy media be based on individualized, 

ongoing assessment. Others expressed concern that the unbridled adoption of the current 

philosophy which emphasizes utilization of residual vision may have a deleterious impact 

upon individuals with low vision. 

Advocacy for the Use of Vision 

A number of position papers encourage the use of print by students who are able 
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to read efficiently using vision (Council of Executives of American Residential Schools 

for the Visually Handicapped, 1990; Com & Koenig, 1991; Gardner &. Com, 1984; 

Mangold and Mangold, 1989; Rex, 1989). The Rex citation will be reviewed in this 

section; the remaining citations will be discussed in the following sections as they relate 

to other themes. 

In a position paper addressing issues related to the literacy of blind leamers. Rex 

(1989) claimed that failure to provide legally blind individuals who use their vision 

efficiently enough to read print the opportunity to do so is a denial of a human right. She 

asserted that such a position does not reflect a negative attitude toward braille. Rather, it 

recognizes the benefits of print which include immediate availability of materials, 

increased reading rate, and in many cases, ease of reading. 

Authors in the following section echo this same theme, but emphasize the 

importance of selecting the literacy medium which is most appropriate to a student's 

needs and fimctioning. 

Advocacy for an Individualized Approach in the Selection of a Literacv Medium 

The use of an ongoing, comprehensive, multidisciplinary assessment to select the 

literacy modes most appropriate and efficient for an individual student's needs was 

recommended within a policy statement issued by the Council of Executives of American 

Residential Schools for the Visually Handicapped (CEARSVH) in 1990. It outlined the 

criteria upon which such a decision should be based, recommending that consideration be 

given to current fimctioning level, current and future needs, learning style, and other 

variables such as reading rate, comprehension, and visual prognosis. 



Mangold and Mangold (1989) also stressed the importance of using an ongoing 

individualized assessment approach for determining the most appropriate literacy 

medium. Five factors should be considered: working distance for reading and writing, 

portability, visual fatigue, reading rate, and academic progress. The authors stated that 

braille and print are preferred modes for developing literacy. Because auditory tapes do 

not provide critical literacy information such as spelling, formatting of text, and 

grammatical structure, they are not reconmiended as a primary learning medium unless a 

student has multiple disabilities which preclude the use of braille or print. 

Criteria for determining the most appropriate literacy medium proposed by 

GEARS VH (1990) and Mangold and Mangold (1989) include considerations of current 

and future needs of the student with low vision, current functioning level and visual 

prognosis, learning style, reading rate, reading comprehension, and visual fatigue. In 

addition. Mangold and Mangold (1989) emphasize the importance of selecting a medium 

which can be used by the student in a variety of environments. The medium must allow 

the individual to use his or her literacy skills in envirorunents outside of the classroom to 

complete functional tasks such as locating and writing down phone numbers, reading 

price tags in a store, or reading a menu in a restaurant. The following section presents the 

view that students with low vision should be provided with optical devices which allow 

them to read standard print. 

Advocacv for the Use of Standard Print with Optical Devices 

The following authors have proposed that optical devices be provided to students 

with low vision so they may access the visual environment. Although not opposed to the 
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provision of large print to students with visual impairments, they are opposed to the 

provision of large print as the only option. 

Gardner and Com (1984) reconmiended the use of standard print rather than large 

print whenever possible, as long as it was appropriate to the task. The authors suggested 

that large print be used only when psychological factors would make it necessary or when 

the individual would be unable to read standard print with an optical device. Large print 

might be indicated when the working distance for reading 12 point tj^pe was two inches or 

less or when an individual insisted that large print could be read more easily ^nd more 

comfortably than regular print. In such situations, Gardner and Com recommended the 

consideration of other reading media such as audio recordings and braille. 

Com and Koetiig advocated for changes in clinical and educational practice to 

achieve "... the goal of independent access to print for all individuals with low vision 

who can use optical devices" (Com & Koenig, 1991, p. 159). They argued that the 

provision of large print as the sole reading medium is detrimental to children with low 

vision, urmecessarily restricting their visual environment. They further stated that this 

practice could not be justified given (a) the economic benefits of using stand^d print, (b) 

the difficulties encountered in using large print, (c) research studies which indicated few, 

if any, benefits, of using large print when print could be accessed with optical devices, 

and (d) a study by Koenig and Ross (1991) which demonstrated better reading 

performance with standard print and optical devices than with large print. 

Concems Regarding Philosophv Emphasizing the Use of Vision 

Several authors have expressed concems that widespread implementation of the 
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current philosophy of utilization of vision without consideration of individual needs 

might have potentially detrimental results. 

Although Jackson (1983) was not opposed to the use of optical devices to enhance 

vision in school age children, he warned educators that the use of these devices might be 

counter indicated during the early grades. He argued that the use of high plus lenses 

reduces the visual field, thereby preventing access to peripheral information which 

maximizes reading. He stated that once a child had developed fluency in reading, this 

would be of less concern. 

Schroder (1989) argued that societal bias toward normalization and the reading of 

print could result in situations in which individual students would be forced to use vision 

when braille would be a more appropriate medium. He described a case in which a 

student was denied braille instruction despite the recommendations of three independent 

evaluators. 

Support for the philosophy of sight utilization was reflected in position papers and 

policy statements written over the past two decades; however, some authors raised 

concern that this philosophy might be implemented without regard to individual needs 

and capabilities. To ensure that appropriate decisions are made, practitioners need an 

understanding of the variables which affect reading performance in students with low 

vision, a knowledge of their inter-relationships, and tools for gathering data. Research 

smdies which have investigated the reading performance of individuals with low vision 

are summarized in the following section. 

Reading of Print by Individuals with Low Vision 
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In the philosophical pieces reviewed above, a number of variables emerged which 

were thought to be important in the consideration of print as a primary learning medium. 

These included ease and comfort in reading (Gardner & Com. 1984). reading duration 

(Mangold & Mangold, 1989), reading rate (GEARSVH, 1990; Mangold and Mangold. 

1989), visual fatigue (Mangold & Mangold, 1989), visual field (Jackson, 1983), and 

working distance (Gardner & Com, 1984; Mangold & Mangold, 1989). What does the 

research literature contribute to an understanding of the importance of these variables to 

reading by students with visual impairment? Are there other variables which will predict 

reading performance with print media by students with visual impairment? What research 

findings may inform educational practice? This section reports the variables studied by 

researchers, the methodologies employed, and summarizes findings which might be of 

significance to educational practice. This review was limited to investigations of the 

reading performance of individuals with low vision. Few experimental research studies 

have been conducted with the school age population. Studies of adults which might 

inform practice with children were included in this review. 

Variables Studied bv Researchers Investigating Reading Performance of Individuals with 

Low Vision 

Dependent variables which served as measures of reading performance in studies 

of individuals with visual impairment included duration, rate, comprehension, accuracy, 

fatigue, and amount of material read. By far, the most fi-equently used measure of reading 

performance was reading rate. The operational definitions of these measures differed 

between studies, making it important to exercise caution when drawing conclusions 
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across studies. 

Independent variables of interest to researchers in the field of low vision reading 

were grouped into two broad categories: characteristics of individuals with low vision and 

characteristics of tlie reading task. Intervening variables which might impact reading 

performance (e.g. cognitive skills, motivation, socioeconomic status, linguistic ability, 

reading level, and environmental factors such as lighting) were either controlled by the 

researchers in the design of their study or were not addressed. Researchers investigated 

the effects of characteristics of individuals with low vision which were thought to affect 

reading performance. These characteristics included age, distance and near acuity, 

contrast sensitivity, and nature of the visual impairment. Stimulus variables which were 

manipulated to study effects on reading performance included type of magnification (e.g. 

relative size magnification achieved through enlargement of print, angular magnification 

achieved through the use of optical devices, and linear magnification achieved through 

the use of closed circuit television), type of optical device used (e.g. hand held and stand 

magnifiers, microscopes, telescopes, and prismatic lenses), characteristics of the print 

itself (e. g. character size, character style, character spacing, pixel density, fixed or 

variable character pitch, number of characters available in the field of view, spatial 

frequency band width, contrast and contrast polarity, and height of viewing window). In 

addition, researchers have studied the effect of rapid serial presentation on reading rate 

(Rubin &Turano, 1994). 

Because frequent references were made to magnification and character size in the 

literature, a brief description of each follows. Magnification is the means by which the 
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area occupied by an image on the retina is increased. This can be accomplished one of 

four ways: (a) through relative distance magnification, (b) through relative size 

magnification, (c) through angular magnification, or (d) through linear magnification. In 

most cases, the image can be enlarged sufficiently for an individual with low vision to be 

able to read print. By moving reading material closer to the eyes, the size of the text 

remains the same while the size of the image on the retina is increased through relative 

distance magnification. Relative size magnification increases the size of the image on the 

retina by increasing the size of the stimulus. Enlargement of text through mechanical or 

photographic means is a common example of relative size magnification. Angular 

magnification increases the size of the image on the retina through the use of lenses. 

Devices which utilize angular magnification to increase the size of the image on the retina 

include reading spectacles, reading telescopes, microscopes, and hand held or stand 

magnifiers. Linear magnification is achieved through the use of electronic enlargement. A 

common example is the use of a closed circuit television to enlarge print on a monitor, 

resulting in the enlargement of the image on the retina. There are inherent advantages and 

disadvantages of each type of magnification and of each type of optical device (Jose, 

1989). Therefore, the type of magnification or the optical device and power which results 

in optimal reading performance is of interest to researchers. 

Characteristics of the print itself may affect legibility and thus has been of interest 

in the field of low vision reading. The reader is referred to Morris (1973) for a review of 

the literature in regards to legibility of type for individuals with normal vision and partial 

sight. Studies have investigated the effects of spacing, leading, type face, and type size on 
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reading performance by low vision children to guide production of large print books and 

materials. Character spacing refers to the amount of space between words while leading 

refers to the amount of extra space inserted between lines of print. Type face refers to the 

specific design of individual alphabetic and auxiliary characters in the alphabet. 

Examples are Times New Roman, Courier, and Calson Bold. A particular type face may 

be extended, condensed, light or bold and designed with or without serifs. Serif tvpe 

includes fine cross strokes at the top and bottom of the letters; sans serif tvpe is designed 

without these strokes. The size of type is identified in points, where one point is 

equivalent to 1/72 of an inch. (Eakin & McFarland, 1960). For reference, 9 point print is 

similar to the normal type size found in newspaper colunm print while 14 point print is 

the normal type size found in children's books (Levack, 1994). Pixel density refers to the 

number of dots in the array which comprises a character in print (Legge, Rubin, Pelli, & 

Schleske, 1985). 

The research findings reported below were selected due to their importance in 

informing practice. Selected variables include the following characteristics of individuals 

with low vision: acuity, nature of the visual impairment, and contrast sensitivity. 

Studies Ipvpstipating Effects of Characteristics of Individuals with Low Vision on 

Reading Performance 

The relationship of acuity to reading performance was investigated by a number of 

researchers. Although Krischer and Meissen (1983) found a significant correlation 

between acuity and reading rate, the majority of studies foimd only weak relationships 

(Brown, 1981; Goodrich et al., 1980; Legge, Ross, Isenberg, & LaMay, 1992). The nature 
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of the visual impairment appeared to be related to reading rate in regards to its impact on 

the functioning of the fovea and clarity of the ocular media. On the basis of their research, 

Krischer and Meissen (1983) concluded that eye conditions which result in defects in the 

central field have the strongest effect in reducing reading rate. This conclusion was 

supported by research conducted by Legge, Rubin, Pelli, Schleske, Luebker and Ross 

(1988). In addition, Legge et al. (1988) reported that eye conditions which affect clarity of 

the ocular media also result in reduced reading rates. Conventional contrast sensitivity 

measures did not appear to be good predictors of reading rate. It appeared that there was a 

critical contrast threshold level which when surpassed impacted reading performance 

(Brown, 1981). 

Studies Investigating Effects of Print Size on Reading Performance 

The following studies compared the reading performance of subjects when 

relative size magnification was employed. Standard print was usually compared with 18 

point print although a study by Irwin and Bullen investigated a variety of print sizes and 

styles. 

Faced with the practical problem of producing large print books which would be 

used by the population of children with various degrees of vision, Irwin and Bullen 

developed test materials which incorporated seven different type faces and four sizes of 

print: 18, 24, 30, and 36 point. The materials were administered to forty-two children 

with partial sight. Dependent variables were time, errors, distance fi-om the page, and 

effort. The authors concluded that 24 point Caslon Bold type was the most acceptable. 

Similar conclusions were reached upon the administration of these materials to children 
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residing in other cities (Eakin & McFarland, 1960). 

In a 1973 doctoral study, Morris investigated the effects of print size on the 

reading performance of 23 students with partial sight and 23 students with normal vision 

in third and fourth grades. Two forms of the Gilmore Oral Reading Test were 

administered, one in regular print and one in large print. Dependent variables included 

rate, comprehension, and accuracy. The researcher found no difference between the 

performance of the children with partial sight or the children with normal vision when 

using large or regular print on measures of rate and comprehension, although there were 

some differences in accuracy. Both groups received better accuracy scores using large 

print. However, some scores were better with regular print. For example, students with 

partial sight had fewer total errors and mispronunciations when reading regular print. 

Students with normal vision made fewer insertions. The investigator concluded that the 

practice of routinely providing students with large print needs to be questioned. 

In a series of investigations, Legge and his colleagues discovered that adults with 

normal vision and adults with low vision reached a maximum reading rate of 

approximately 250 words per minute when characters subtended a .4 to a 2 degree angle. 

Reading rate declined rapidly as character size approached acuity threshold. There was a 

gradual decline in reading rate as letter size increased. At the largest size letter presented, 

which subtended an angle of 24 degrees, reading rate decreased to 70 words per minute. 

Although readers with low vision read at a slower rate, a similar pattern emefged in 

subjects with intact central fields and clear ocular media. In subjects with central field 

losses and cloudy media, more magnification was required, reading was at a slower rate. 
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and a peak rate relating to character size was not observed (Legge, Rubin et ai.. 1985). 

Studies Comparing Effects of Different Types of Magnification and Optical Devices on 

Reading Performance 

Several studies compared the reading performance of children with low vision 

when using different types and powers of magnification. Some of these compared reading 

performance when using large print with that when using optical devices or closed circuit 

televisions (Koenig et al., 1992; Lackey, Efron, & Rowls, 1982; Sykes, 1971). Sloan and 

Habel (1973) studied the differences in reading rate when those optical devices which 

allowed each participant to comfortably read regular print and to comfortably read large 

print were utilized. Other researchers investigated the effects of using different types of 

optical devices including closed circuit televisions on reading performance (Goodrich et 

al.. 1980; Weed, 1969). 

Sykes (1971) compared the reading performance of students when reading 

standard print using optical devices with their performance when reading large print. His 

subjects included forty-one junior and senior high school students enrolled at a residential 

school for the blind. Visual acuities ranged fi-om 20/60 to 20/900. Prior to testing, 

students were trained to use optical devices prescribed by an optometrist. To control for 

practice effects and fatigue factors which might favor standard or large print, the subjects 

were randomly assigned to groups and standard print and large print forms altemated. 

Dependent measures included reading rate, comprehension, working distance, visual 

fatigue, and student preference. There were no significant differences between large print 

and standard print in regard to reading rate or comprehension. There was a difference in 
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visual fatigue between the two mediums when visual acuity was greater than 20/200. For 

this group, reading standard print with an optical device was more fatiguing than reading 

large print. Student preference for print size was not related to performance. The author 

reconmiended the use of an objective measure for determining reading mode and 

cautioned against relying on subjectively based preferences. 

To compare the relative effectiveness of reading large print and of reading regular 

print with low vision devices, Koenig et al. (1992) used a case study approach. Six 

students with low vision integrated within elementary, junior high, and high school 

programs were included in this study. Three students used electronic magnification 

provided through closed circuit televisions and three used lenses (reading glasses, a hand 

held magnifier, or a stand magnifier). The devices used by the subjects, except in one 

case, were those reconmiended by educators rather than low vision specialists. The 

authors stated that subjects were experienced and competent in the use of their respective 

optical devices; however, one of the subjects demonstrated difficulty manipulating her 

low vision device. Data collected included oral reading rate, silent reading rate, fatigue, 

working distance, and oral reading miscues. When individual student profiles were 

analyzed qualitatively to determine if there were any educationally significant differences 

in reading performance, the authors concluded that no generalizations about reading 

media were possible and recommended that decisions be made on an individual basis by a 

multidisciplinary team. 

Is there a difference in the amount of material read by students with low vision 

when given large print or when given standard type and a dome type magnifier? To 
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investigate this question, Lackey et al. (1982) employed a repeated measures design, 

counterbalancing the order of treatment. The sample included fifty-five students who met 

selection criteria. These students were enrolled in the fourth, fifth, seventh, eighth, and 

ninth grades in regular classrooms. Data collected through a reading log kept by the 

teacher for each eight week experimental treatment period yielded the following four 

measures: (a) total number of books read, (b) total number of school books read, (c) total 

number of non-school books read, and (d) total number of pages read. Only three of the 

comparisons reached statistical significance. However, there were no cases in which 

students read less using regular print with a magnifier than with large print. The authors 

recommended that fiirther studies use a larger sample size, longer treatment periods, and 

more sensitive measures of quantity of reading. 

Sloan and Habel (1973) designed a study to compare the reading rates obtained by 

children with partial vision when using individually prescribed optical devices suitable 

for reading large print and when using optical devices suitable for reading standard print. 

Subjects included twenty-two print readers with partial sight, all classified as legally 

blind. Students read samples of 100 words from large and standard print versions of one 

of three texts which were chosen to correspond with each student's grade level. The 

power and type of reading device which permitted sustained comfortable reading of the 

print sizes used in the standard version and the large print version were identified through 

preliminary studies for each participant. The researcher collected three timings and 

converted these to words per minute for the reading of regular sized print, large print, and 

a second reading of regular sized print. Reading rates ranged from less than 40 words per 
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minute to more than 140 words per minute. Reading rates for individual subjects were 

almost the same whether using large or standard print. Sloan and Habel noted that there 

appeared to be some relationship between reading rate and degree of visual impairment. 

In general, the reading rates of subjects with a Sloan acuity of 5M or better were in excess 

of 97 words per minute while the reading rates of subjects with a reading acuity of 4M or 

poorer werejess than 93 words per minute. The authors theorized that other factors such 

as interest in reading or intelligence might also be related to reading rate. The type and 

power of the device used by each participant was not reported. It was not clear whether all 

subjects used optical devices to read large print versions or some read the large print 

version without an optical device. Sloan and Habel concluded that"... when the 

magnification of the retinal image is essentially equal, it makes little difference in reading 

rate whether the required magnification is provided entirely by an optical device or in part 

by large print which permits the use of a weaker optical device and a longer viewing 

distance" (Sloan & Habel, 1973, p. 109). 

Goodrich et al. (1980) investigated reading rate and reading duration of 96 

veterans with visual impairments who had used closed circuit televisions for a minimum 

of two years. During the study, the researchers discovered that slightly more than half of 

the sample used both closed circuit televisions and optical devices for near vision tasks. 

Reading rates and duration were compared with both devices for this subgroup. Reading 

rate was measured directly by the investigators; reading duration was by self-^report. The 

authors concluded that reading rates with optical devices and closed circuit televisions did 

not differ but that subjects read for longer periods of time using closed circuit televisions. 
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They recommended further investigation of reading duration and working distance when 

subjects are using optical devices to determine whether muscular fatigue and strain to 

maintain focus limits reading duration. 

In 1969 Weed compared the reading performance of nine children age nine to 

nineteen enrolled in a school for the blind when using three different optical devices with 

comparable magnification of lOX: a television reader, a loupe, and an illuminated stand 

magnifier. The measure of reading performance was the smallest size type that could be 

read with each optical device. Weed reported that the children were enthusiastic about the 

use of the television reader as it allowed them to read type that was the same size or 

slightly smaller than what they could read with the other two magnifiers. 

Although research findings have indicated some trends regarding reading 

performance by individuals with visual impairment, variability among subjects 

necessitates individualized assessment in the selection of a reading medium and/or optical 

device which will maximize reading performance. The following section reviews 

procedures developed for this purpose. Some were developed by educators of the visually 

impaired; others were developed by researchers as tools for studying low reading with 

adults. 

Determining Literacy Media for Individuals with Low Vision 

Procedures have been developed for (a) selecting between auditory, print, or 

braille media as a student's literacy medium (e.g. Caton, 1994; Koenig & Holbrook, 

1993), (b) choosing the appropriate print size for students reading print without the 

benefit of optical devices (Lev^s & Maron, 1977), and (c) determining the appropriate 
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character size on a closed circuit television (Lowe & Drasdo, 1990). Tests have been 

developed for predicting the best reading rate an individual with low vision can achieve 

(Ahn & Legge, 1995; Ahn, Legge, &. Luebker, 1994; Legge, Ross, Luebker, & LaMay, 

1989) 

Selecting Print or Braille as a Student's Literacv Medium 

The selection of a learning medium which allows a child to develop literacy skills 

to the greatest extent possible requires comprehensive and ongoing assessment of each 

potential medium by an interdisciplinary team on at least an annual basis. Procedures and 

methods outlined in Tools for Selecting Appropriate Learning Media (Caton. 1994) 

include (a) a description of the target population, the interdisciplinary team, and the 

responsibilities of team members, (b) an outline and description of the assessment 

procedure, (c) data to be gathered regarding the child, and (d) data to be gathered 

regarding the environment. Examination of the reading efficiency checklist for evaluating 

the use of print indicates consideration of a number of factors including reading 

comprehension, rate, accuracy, and academic achievement commensurate with age and 

ability level; ability to complete assigrunents at an acceptable accuracy level within 

approximately the same amount of time as classmates; ability to stay on task for extended 

periods of time without fatigue; comfort in using print as a reading medium; ability to 

transfer reading skills to other situations in less ideal environments; use of devices to 

access print information and the portability of those devices; whether the use. of devices is 

fostering independence or dependence; and whether those devices will be available after 

graduation. While providing direction as to criteria which should be considered in 
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evaluating a child's progress with different literacy media, this procedure doe's not provide 

guidance for gathering data in a standardized way. Therefore, the quality of the decisions 

made depends upon the knowledge and expertise of the interdisciplinary team members. 

Koenig & Holbrook (1993) developed a systematic approach for determining 

learning and literacy medium through diagnostic teaching. Procedures involved 

observations and use of a qualitative reading inventory to compare efficiency in a variety 

of literacy media. Measures included silent and oral reading rates, reading accuracy, and 

measurement of the student's working distance. For data to be included in analysis, the 

student must have achieved an 80% comprehension score on the material read. Fatigue 

was considered an important factor and was evaluated by comparing reading rates during 

the first ten minutes of a reading session with the last ten minutes. In addition to 

evaluating a student's performance through the use of an informal reading inventory. 

Koenig and Holbrook emphasized the importance of evaluating reading rate, 

comprehension, accuracy, and fatigue using textbooks firom academic classes in which 

the student was enrolled. In a series of articles preceding the publication of Learning 

Media Assessment (Koenig & Holbrook, 1993), the application of this procedure in the 

assessment of students with visual impairments and its benefits was described (Koenig & 

Holbrook, 1989; Koenig & Holbrook, 1991; Koenig & Ross, 1991). 

Selecting the Apt?ropriate Print Size for Students Reading Print without Optical Devices 

The Teacher's Evaluation for Low Vision Needs was designed as a tool for 

teachers of the visually impaired to use in prescribing print size. The test required 

students to read text at a recreational reading level in 18, 16, 14, and 10 point print. A 
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study was conducted to determine test-retest reliability of the instrument (Lewis & 

Maron, 1977). Forty-four subjects from seven school districts in Florida participated. 

Thirty-two met the legal definition of blindness, with visual acuity at 20/200 or greater, 

and twelve were partially sighted. Dependent measures included reading errors and 

reading rate. Pearson product-moment correlations between the pre and post tests were 

+0.74 to +0.88 for reading errors across all levels and print sizes and +0.69 to +9.0 for 

reading rate. The authors attempted to control for inter-rater reliability through training of 

teacher subjects in test procedures. Further validation studies were recommended. 

Selection of Reading Medium Using Predicted Reading Rate as the Criterion for 

Selection 

Ahn and Legge (1995) found that scores earned on a standardized computerized 

test of reading rate, the Minnesota Low-vision Reading Test, were predictive of the 

reading rates subjects obtained with their own magnifiers, accounting for 79.7% of the 

variance. Forty subjects with low vision were studied. They ranged in age from 23 to 84 

years. Simple sentences were presented randomly from a pool of 28 sentences on a 

computer screen at a very high magnification level. Each character subtended an angle of 

6 degrees. Each sentence encompassed four computer lines on the screen. Each sentence 

was presented for a timed exposure and the participant read the sentence orally. Exposure 

times were reduced for successive sentences until the participant was unable to read the 

entire sentence in the time allotted. Reading rate was then computed as the number of 

words correctly read divided by the exposure time. This test was described in detail by 

Legge et al. (1989). 
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A printed card version of the Minnesota Low-vision Reading Test (MNRead) was 

developed for clinical use (Ahn et al., 1994). A study was conducted with 23 adult 

subjects with low vision to determine the correlation of the printed card version with the 

computerized version of the MNRead, to determine the amount of practice required 

before subjects reached a consistent reading rate, and to estimate the accuracy of reading 

rates measured with the printed cards. The authors concluded that this test could be used 

to obtain estimates of reading rate by individuals with low-vision. 

A variety of procedures have been recommended for selecting the appropriate 

literacy medium based on observation and measurement of variables considered 

important in reading efficiency for individuals with low vision. Test procedures 

developed for the purpose of gathering data in research studies with adults with low 

vision may be appropriate for use with students given modifications. 

Considerations for Future Research 

There has been great interest in the field surrounding the selection of appropriate 

reading medium for students with visual handicaps. The goal of early investigations of 

reading performance by children with visual impairments was to determine the best print 

characteristics (e.g. type face, type size, leading, and spacing) for the production of large 

print books. Therefore, these investigations did not focus on what was most efficient for 

individual children, but rather what print characteristics would allow most children with 

visual impairments access to print. Provision of large print materials became an 

established practice supported by federal monies (Cora & Ryser, 1989). Due to the low 

incidence of students with low vision, costs of production prohibited the printing of one 
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volume in a variety of print sizes. Thus, the reading performance of children with low 

vision using large print books might be less than maximal. 

Optical devices are now available to assist the visually handicapped child to read 

standard print. However, many children who might be able to read standard print with 

optical devices have not had the opportunity to do so (Leat & Karadsheh. 1991). Belief 

systems, lack of teacher training, and economics may be contributing factors (Com & 

Ryser, 1989). Because large print books are available to educational systems through the 

federal quota system while optical devices are not, large print continues to be used in the 

education of students with visual impairments. Research studies within the past two 

decades have attempted to establish the efficacy of reading standard print through 

comparative studies. Investigators have compared the reading performance of subjects 

using standard print and large print or compared their performance reading standard print 

with different types and/or powers of optical devices. No group differences in reading 

performance were found. Researchers have concluded that no benefits can be 

demonstrated for using large print when standard print can be accessed by bringing the 

material closer to the eyes or through the use of an optical device. Caution should be 

exercised in accepting this conclusion. Actual differences may exist; failure to reject the 

null hypothesis may be due to the small number of subjects included in the sample. An 

additional concern arises due to the lack of data in most studies to substantiate claims that 

subjects were competent users of the medium which were being compared. Although 
t 

subjects in the study by Koenig et al. (1992) were selected because they were considered 

to be competent users of their low vision devices, one participant demonstrated such 
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difficulty using her low vision device that training was recommended. 

An interesting generalization derived from the review of comparative studies was 

related to the amount of variability noted among subjects in reading performance. 

Individual differences in performance were noted in each study, and researchers 

recommended that reading medium be determined through individualized assessment, 

validating the opinions expressed in the philosophical foundations section of this chapter. 

The need for individualized assessment in the selection of a literacy medium was 

supported even in the position of authors who expressed concern that the implementation 

of the philosophy of sight utilization might have detrimental effects for individual 

children (Jackson, 1983; Schroder, 1989). Theoretically, if appropriate procedures and 

criteria were employed in the determination of a reading medium, detrimental situations 

would not occur. Professionals in the field of visual impairment identified the following 

outcome measures of reading performance as important in the selection of appropriate 

learning media; reading rate, reading accuracy, working distance, and ease and comfort in 

reading (i.d. reading duration and visual fatigue); however, the validity of these measures 

has not been verified empirically. Procedures developed to guide the selection of a 

reading medium recommend the consideration of these factors but the importance of each 

to successful reading and the degree to which each is a contributing factor has not been 

established. Other factors may not have been considered. 

Research studies conducted with adult subjects with low vision have investigated 

the effects of a variety of independent variables on some of the outcome measures 

educators have identified as important in the selection of a reading medium. Although it 



is not possible to generalize findings from this body of research to students with visual 

impairment, these studies may suggest areas for future research. For example, Legge et al. 

(1988) reported that adults with low vision achieved a peak reading rate over a small 

range of optimal character sizes. Future research is needed to determine whether similar 

effects occur in the population of students with low vision. If so, an assessment 

instrument might be developed to assist educators in selecting an appropriate print size or 

optical device which maximizes reading rate. Although the research by Legge et al. 

(1988) did not compare reading rates obtained with different optical devices, one might 

infer from the conclusions reached by Sloan and Habel (1973) that similar reading rates 

would be obtained with different types and powers of magnifiers as long as the size of the 

retinal image was similar. This is an area for further research. Additionally, research 

studies with adults suggest a number of tests and procedures which, with adaptations, 

may have applicability for students. 

The effect of training on reading performance has been investigated in a few 

studies of adults with low vision; these studies were not reviewed in the research section 

of this paper due to the small number of studies. They do indicate that the reading 

performance of low vision adults can be improved through practice (McMahon, Hansen, 

Stelmack, Oliver, & Viana, 1993; Watson, Wright, & De I'Aune, 1992). Future research 

studies need to address the effects of instruction and practice on the reading performance 

of students with low vision. 

Another area investigated in studies of adults (Cohen & Waiss, I99I; Legge et al., 

1985; Lovie-Kitchin & Woo, 1988; Lowe & Drasdo, 1990) which has not been 
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investigated in students is the effect of magnification and field of view on reading 

performance. 

Methodological Considerations 

Students with visual handicaps are a low incidence population. In addition, there 

is great variation in ocular disorders and visual functioning. Therefore, it is difficult to 

obtain a sufficiently large sample for the purposes of conducting empirical research 

studies. As a result, researchers should consider other research methodologies such as 

single subject and qualitative research designs. In the design of single subject research, 

carefid consideration needs to be given to the development of criteria which are 

educationally significant prior to the initiation of the study. Such an approach would 

minimize the post hoc difficulties faced by Koenig et al. (1992) when attempting to 

interpret their research findings. 

Most of the studies which compared reading performance with different types of 

magnification or types and powers of magnifiers did not provide data which would 

convince the reader that subjects were adept in the reading media being compared or that 

the most appropriate device had been prescribed. It is recommended that future studies 

include baseline data which demonstrates stability in measures of reading performance 

using the reading media to be compared. Further research is needed to determine the types 

of learning curves one might expect with various devices and the number of repeated 

measures needed before one can be confident that a stable baseline has been achieved. 

The most common measure of reading performance was reading rate. A variety of 

reading materials, tasks, instructions, operational definitions, and formulas were 
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employed in the studies reviewed, making it difficult to generalize the findings. Carver 

(1990) made a number of reconmiendations for improving future research studies which 

use reading rate as a dependent measure. His reconmiendations include considerations for 

selecting or composing text, describing the individual's reading ability, selecting the type 

of reading process, designing the study, computing reading rates, and interpreting the 

results. The application of a reading theory in the development of future studies of low 

vision reading is recommended as well as in the interpretation of research studies already 

conducted. 

At the present time, research in the area of reading performance of students with 

low vision is in its infancy. Teachers, low vision specialists, and other members of the 

multidisciplinary assessment team are responsible for determining the most appropriate 

literacy mediimi for a student with low vision. Further research will lead to a better 

understanding of those variables which are critical in reading performance and provide 

tools and procedures for gathering empirical data on which decisions can be based. 

Although reading duration, visual fatigue, and working distance were mentioned 

frequently by practitioners as important considerations in selecting a literacy medium, 

seldom have these variables been addressed by researchers. Although the collection of 

relevant data through standardized procedures will inform decision making, the field must 

determine the educational significance of that data. How much of an increase in reading 

rate makes a practical difference? How long should an individual be able to read? How 

important is comfort? Ultimately, the responsibility for determining the educational 

significance of these variables rests with the educator of students with low vision. 
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Within the literature base of the field of visual impairment, studies have not 

addressed the effects of practice on reading efficiency and comfort when reading standard 

print with optical devices. Recognizing this lack, the current study will examine the 

impact of practice on reading rate, reading accuracy, reading duration, and visual fatigue. 



CHAPTERS 

METHOD 

The primary purpose of this study was to investigate the effects of practice on 

reading rate, reading accuracy, reading duration, and visual fatigue of three participants 

with low vision when using standard print with individually prescribed optical devices. A 

secondary purpose was to compare participants' reading rate, reading accuracy, reading 

duration, and visual fatigue when reading standard print using their optical devices with 

their reading rate, reading accuracy, reading duration, and visual fatigue when reading 

large print. A pre-experimental multiple baseline single subject research design was 

employed. Although it was not possible to control all extraneous factors in this 

investigation to rule out major threats to internal validity, the researcher attempted to 

incorporate Kazdin's suggestions (1982) in the design of the study so that the information 

obtained would more closely approach that which would be obtained from an 

experimental design. It was hoped that threats to internal validity were reduced by the use 

of objective information, continuous assessment of performance over time, and the 

reliance on stable levels of performance before and after treatment. 

The smdy also incorporated qualitative techniques to address participants' 

perspectives on reading efficiency when reading large print and when reading standard 

print with optical devices. A major characteristic of a qualitative research design is that 

the focus in on "participant perspectives" (Bogdan &. Biklen, 1992). 

This chapter describes: (a) design of the study, (b) study participants, (c) setting, 
I 

(d) instruments and data collection, (e) data analysis procedures, and (g) reliability. 
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Design of the Study 

Table I provides a visual overview of the study. This study consisted of pre-study 

activities and four intervention phases: (a) Phase 1: Baseline, (b) Phase II: Intervention, 

(c) Phase HI: Withdrawal of Intervention and Generalization to Classroom, and (d) Phase 

rv: Return to Intervention. The duration of each of the four phases in the study was not 

specified in advance with the exception of Phase III, which had a duration of three weeks. 

The researcher applied data analysis techniques commonly used in single subject designs 

to examine the data gathered during each phase. When information was sufficiently clear 

to make predictions about a subject's performance, the next phase of the study was 

initiated. It was expected that the duration of each phase would differ for each participant. 

Pre-study activities included: (a) field testing of instruments and procedures, (b) 

selection of participants, (c) collection of demographic information, (d) provision of 

clinical low vision optometric evaluations to participants, (d) assessment of participants' 

independent reading levels, and (e) selection and preparation of materials. Pre-study 

activities are summarized next, followed by a description of each of the four phases of the 

study. 

Pre-studv Activities 

Field testing of materials and procedures for data collection. Materials, 

procedures, and data collection instruments were field tested in the feill of 1997 with three 

students not selected for this study. The classroom observation form was field tested by 

the researcher in three separate classrooms. After revisions were made, two other 

observers completed the form and provided feedback which was incorporated into the 
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final revision. 

Selection of participants. Formal permission was obtained firom the Human 

Subjects review committee at the University of Arizona and the Human Subjects review 

committee at the Arizona State Schools for the Deaf and Blind. The following procedure 

Overview of the Study 

PHASE OF STUDY ACTIVITIES 

Pte-study Activities 
Field testing of instniments 
and procedures 

1. During summer and fall of 1997. classroom observation form and procedures were Held 
tested. 

2. [}uring fall, procedures for ail other aspects of the study were field tested. 

Selection of participants 1. Obtained permissions to conduct study 
A. Human Subjects. University of Arizona 
B. Human Subjects, Arizona State Schools for the Deaf and Bl-nd 

2. Obtained Student and Parental Consent 
3. Gathered participant data through administration of Participant Demographic Form 
4. Selected three participants firom pool based on criteria 

Provision of clinical low 
vision optometric evaluation 

1. Obtained clinical low vision evaluations for each participant. 
2. Obtained new optical devices (reading glasses and magnifiers) for each panicipant as 

prescribed by the low vision optometrist 

Assessment of vision with 
new optical devices 

1. Retested distance and near visual acuity with new optical devices. 
2. Tested contrast sensitivity 

Assessment of participants' 
independent reading levels 

1. Administered two informal reading inventories (IRI) in large print 
2. Identified each participant's highest independent reading level as the highest level on 

which there was agreement between the two inventories 

Preparation of reading 
materials 

1. Computed Fry and Flesch-Kincaid readabiltiy levels of IRI passages at participant's highest 
independent reading levels 

2. Prepared large print and standard print formats of novels for long term reading 
A. Selected novels with themes related to participants' expressed reading interests and 

identified those with Fry and Flesch-Kincaid readbility levels equivalent to or slightly 
below participants' highest independent reading levels as identified through IRl 

B. Participants selected novels fit>m those with Fry and Flesch-Kincaid readability levels 
at or below their independent reading level 

C. Prepared large print and standard print formats for novels selected 
3. Prepared large print and standard print formats of passages used to collect probe data (i.d. 

400 word nassases fixim Timed Readings in Literature) 
A. Selected booklets from Timed Readings in Literature scries which were one level below 

participants' independent reading level 
B. Randomly selected passages for administration in large print and standard print formats 

for each participant 
C. Prepared materials in appropriate format 
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Overview of the Study 

PHASE OF STUDY ACTIVITIES 

Phase I; Baseline (Large print 
jnd standard print were 
available in the classroom, but 
participants received no training 
in the use of optical devices 
prescribed nor were optical 
devices dispensed. 

1. Conducted one classroom observation once every two weeks to gather data on choice of 
reading media, amount of reading, and duration (a minimum of two observations) 

2. Administered Long Term Reading Assessment using participants' selected novels in large 
print format once every two weeks for a minimum of six weeks (a minimum of three data 
points). 

Phase II; Intervention 
(Participants practiced reading 
standard print with optical 
devices during intervention 
sessions. Optical devices were 
not available for use in 
environments other than 
practice sessions) 

1. Provided I-2 days of instruction in the use of prescribed optical devices. 
2. Administered pre-intervention probes (i.d. 400 Word Passages) in large print and standard 

print formats 
3. Participants practiced reading standard print during daily sessions, scheduled four times 

each week. The Long Term Reading Assessment was used to assess reading rate, accuracy , 
duration, and visual fatigue in each session. 

4. Probes (i.d. 400 Word Passages) in large print and standard print were administered mid­
way through intervention. 

5. When stability and duration criterion were reached, administered post-intervention probes 
(i.d. 400 Word Passages) in large print and standard print formats 

Phase III: Withdrawal of 
bitervention 
(Optical devices were dispensed 
for full-time use; both large 
print and standard print were 
available in classnxim) 
(3 weeks) 

1. Conducted classroom observations, one observation per week for three weeks. 
2. After three weeks, re-administered 400 Word Passage probes in large print and regular 

print formats, counter-balancing administration among participants. 
3. Determined whether subject's performance met criteria established for cessation of Phase 

II. 

Phase IV; Return to 
Intervention 
(Participants practiced reading 
standard print with optical 
devices during treatment 
sessions. Devices were 
available for use in other 
environments.) 

If criteria was not met. Phase II was reinstated until cnteria identified for Phase II was met 
again. (This phase of the study was not implemented as the previous phases required more 
time than expected. Participants would not be available due to end of the school year.) 

Post Study Interviews 1. Interview with participaitts 
2. Informal interviews with participants' reading teacher 

Table 1. Overview of Study. 

guided the selection of participants for this study: 

1. The researcher met with the Principal of the School for the Blind in the Spring of 

1997 to identify students who would be enrolled in the middle school or high 
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school program during the 1997-98 school year. 

2. The researcher checked birth dates of these students, excluding any who would 

not be at least 11 years of age by August 15. 1997. 

3. The files of potential participants were reviewed by the researcher and those who 

did not meet the vision criteria for acuity, fields, and stability of eye condition 

were excluded. 

4. The educational psychologist reviewed the psychological files of potential 

participants and eliminated any who did not meet the criteria for verbal 

intelligence quotient or reading level. 

5. The researcher reviewed the files of the remaining students to identify any who 

had difficulties with oral speech production or other disabling conditions that 

might preclude participation. The researcher consulted with appropriate 

professionals to determine whether a student should be excluded from the study. 

6. The researcher sent a letter which explained the purpose of the study to the legal 

guardians of the remaining potential participants. Guardians returned'a consent 

form indicating their decision regarding the participation of their child in the study 

(see Appendix A). The researcher met with all guardians at registration or made a 

follow-up phone call. 

7. The researcher met with students to explain the research project and identify 

individuals who might be interested in participating. Students completed the 

Participant Demographic Form (Appendix B). This provided self-reported 

demographic data, information as to participants' knowledge of their eye 
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conditions, current use of reading media, reading interests, and periods during the 

day when they would be available and willing to participate in the study. 

8. The researcher reviewed the students' questionnaires and eliminated any students 

who were currently reading standard print with an optical device. 

9. The reading teacher of the potential participants was interviewed to gather 

information on the reading media currently used by the student. The researcher 

eliminated potential participants who were not routinely using large print 

materials. 

10. At the beginning of the 1997-98 school year, the researcher tested each potential 

student's best corrected near visual acuity and best corrected distance visual acuity 

to exclude potential participants who did not meet the visual acuity criteria. 

11. Class schedules of potential participants were reviewed with participants' team 

leader to determine which students were available to participate in the study. 

12. Guardians who signed a consent to participate form were re-contacted to inform 

them as to their child's participation the study. 

Provision of clinical low vision optometric evaluation. Participants received a free 

clinical low vision evaluation by a low vision optometrist prior to the initiation of the 

study. This ensured that each participant was correctly refracted and prescribed 

appropriate low vision devices which would facilitate the reading of standard print, 10 

point print or smaller. Each of the three participants were able to read standard print with 

reading glasses. 

Assessment of vision with new optical devices. Participants' distance and near 
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visual acuities were reassessed with their new glasses. The LEA Low Contrast number 

chart provided measures of contrast sensitivity. 

Assessment of participants' independent reading levels. Two informal reading 

inventories. The Analytical Reading Inventory (Woods and Moe, 1995) and the 

Qualitative Reading Inventory (Leslie and Caldwell, 1995) were administered in large 

print format. Results provided an estimate of participants' independent reading levels 

when reading large print and descriptive data about reading performance. No, more than 

one passage was administered per testing session. The highest level on which a 

comprehension score of 88% and an acceptability (accuracy) score of 98% were achieved 

was considered to be a participant's independent reading level. In cases where results 

differed between the Analytical Reading Inventory and the Qualitative Reading Inventory, 

a participant's independent reading level was considered to be the highest level for which 

there was agreement between the two inventories. Reading rate, reading accuracy, and 

reading comprehension were calculated for each participant's independent reading level 

by averaging scores for each measure across the two inventories. 

Preparation of reading materials. The passages included in informal reading 

inventories are relatively short. Because the researcher was interested in exploring the 

effects of practice on reading duration and visual fatigue as well as on reading rate and 

reading accuracy, the researcher selected novels for each participant which were at or 

below the participant's independent reading level and contained themes which were of 

interest to the participant. Narrative text was chosen as research indicates that narrative 

text is easier for children to recall and comprehend than expository text, at least through 
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the elementary years (Berkowitz & Taylor, 1981; Leslie & Caldwell, 1989; Leslie & 

Cooper, 1993). Fry and Flesch-Kincaid readability levels were calculated for each book 

using the Fry Readability Scale (Fry, 1977) and the Grammtik tool found in Corel 

WordPerfect 8.0 (Corel Corporation, 1997). A minimum of three one-hundred word 

passages were randomly selected from each book using a random table of numbers and 

readability level calculated using both methods. A novel met criteria for selection if both 

estimates of readability level were at or below the subject's independent reading level as 

determined by the informal reading inventory assessment. Three to four books were 

presented to each participant. After the participant had read the title and looked at the 

jacket cover, the researcher introduced the book by summarizing the introduction on tlie 

inside flap of the jacket cover or reading the summary found in the University of Arizona 

library card catalogue. Each participant identified a first and second choice. Two 

participants changed books after the first session as they either found the book 

uninteresting or the book contained so many unusual proper names that reading rate was 

compromised. These sessions were not included in the study. 

To maintain consistency in print size, the researcher produced standard print and 

large print versions of each novel through photocopy reduction and enlargement. Using a 

closed circuit television, the researcher measured the height of a lower case "e" and a 

lower case "o" for each print size on The Near Vision Test Chart (North Carolina 

Memorial Hospital Low Vision Clinic, n.d.), a near visual acuity test card for assessing 

visual acuity when reading continuous text. The researcher then measured the height of a 

lower case "o" and a lower case "e" in each of the novels selected by the participants. The 
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height of these letters was four point five sixty-fourths (4.5/64) of an inch in two of the 

novels. Downriver (Hobbs, 1991) and Galactic Warlord (Hill. 1981), and five point five 

sixty-fourths (5.5/64) of an inch in Kokopelli's Flute (Hobbs, 1995). The researcher 

decided to use four point five sixty-fourths (4.5/64) of an inch as the definition of 

standard print. When compared with the point sizes on The Near Vision Test Chart, this 

was equivalent to Times New Roman 10 point print. The researcher used photocopy 

reduction to prepare a standard print version of Kokot)elli's Flute which would be 

equivalent to four point five sixty-fourths (4.5/64) of an mch. Each book was photocopied 

to ensure similarity in quality of text. Downriver and Galactic Warlord were copied at 

100% and Kokopelli's Flute at 80%. Each photocopied page was then trimmed and 

mounted on a separate white sheet of paper in the upper right-hand comer, photocopied 

onto white card stock, and hole punched for a three ring binder to produce standard print 

versions. 

Next the researcher determined the amount of enlargement necessary .to produce 

large print versions of each novel equivalent to seven sixty-fourths (7/64) of an inch, the 

height of a lower case "o" and "e" identified as Times New Roman 18 point print on the 

Near Vision Test Chart. Each book was photocopied to ensure similarity in quality of 

text. Downriver and Galactic Warlord were copied at 155% and Kokopelli's Flute at 

135%. To produce large print versions of each novel, photocopied pages were trimmed 

and moimted as described above, photocopied onto white card stock, and hole punched 

for a three ring binder. 

The same procedures were followed in producing the standard print and large 
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print versions of the 400 word passages taken from the Timed Readings in Literature 

(Spargo, 1989) series. The booklets in the series are graded. Each booklet contained 

narrative passages with Fry readability scores falling within the same level (e.g. 4.1 - 4.9). 

The researcher selected a booklet for each participant which was one level below the 

participant's independent reading level. Using a table of random numbers, passages were 

randomly selected for pre-intervention, mid-way through intervention, post intervention, 

and maintenance probes. Each passage was prepared in either large print or standard print 

format to match the order of administration which used a counter-balanced design. 

Phase I: Baseline-Large Print with No Optical Devices 

Five instruments were used during Phase I to gather baseline data on participants' 

reading performance prior to intervention. These instruments are described in Table 2. 

Students continued to access printed text materials in their classrooms as had been the 

practice prior to the initiation of this smdy. All participants were using large print or 

closed circuit television enlargement of standard print as their primary readirig media. 

Secondary reading media was braille or cassette tapes. Classroom observations provided 

information as to the amount of reading completed by each participant during their 

reading class, the length of each period of reading, and the literacy media selected by the 

participant. 

To determine reading rate, reading accuracy, reading duration, and visual fatigue 

for large print text under long term reading conditions, the Long Term Reading 
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Instruments and Data Collection 

Instrument Data to Be Collected Record Keeping Phase Of Study 

Participant 
Demographic Form 

Demographic data, eye 
condition and history, 
reading media, reading 
interests 

Form: Appendix B Pre-study activity 

Individual Data for 
Participant Selection 

Data needed for participant 
selection; summarization of 
information from smdent 
demographic form; results of 
vision testing; optical 
devices prescribed 

Form: Appendix E Pre-study activity 

Informal Reading 
Inventory 
Assessment 

(See Appendix F for 
administration 
guidelines) 

Short Term Reading 
Reading Rate (oral) 
Reading Accuracy (oral) 
Reading Duration (oral) 

Comprehension 
questions form 
commercial IRIs used 

Form: Appendix H 

Audiocassette 
recording 

Pre-study activity 

Probes Short Term Reading 
Reading Rate (oral) 
Reading Accuracy (oral) 
Reading Duration (oral) 

400 word passages 
randomly selected 
from Timed Readings 
in Literature Series at 
participants 
independent reading 
levels 

Prior to initiation of 
intervention sessions 
in Phase II, mid-way 
through intervention, 
at the end of Phase 
II, and at the end of 
Phase HI 

Long Term Reading 
Assessment 

(See Appendix G for 
administration 
guidelines) 

Long Term Reading 
Reading Rate (oral/silent) 
Reading Accuracy (oral) 
Visual Fatigue 
Reading Duration 

Forms: Appendices H 
&I 

Videotape & 
audiocassette 
recording 

Phases I, II, & IV 

Classroom 
observations made 
by trained observer 

Reading duration 
Reading media chosen 

Form: Appendix J Phases I & III 

Visual Fatigue 
Checklist 

Reports of visual fatigue 
Observations of visual 

fatigue 
Calculation of visual 

fatigue 

Form: Appendix K Phases 1,11, & IV 

Table 2. Instruments and data collection. 

Assessment was administered several times during baseline using the large print format 
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of the novel selected by the participant. A minimum of four assessments were completed 

for each participant at a frequency of no more than one probe every two weeks. More 

frequent assessments might have resulted in changes in reading rate, reading accuracy, 

reading duration, and visual fatigue due to practice effects. The Visual Fatigue Checklist 

was used in conjunction with the administration of the Long Term Reading Assessment 

to collect data on visual fatigue. 

The minimum length of the baseline phase was six weeks. Level stability and 

direction of trend of oral reading rate was analyzed to determine when Phase II should be 

initiated. 

During baseline and intervention phases, students read novels which they had 

chosen from those selected by the researcher as appropriate for each individual student's 

independent reading level and expressed interests. At the end of each session, the 

researcher recorded participants' re-tellings of the part of the book they had read that day. 

At the beginning of the next intervention session, participants listened to their retelling of 

the previous session. 

Phase II: Intervention-Standard Print with Optical Devices 

During this phase of the study, participants used their prescribed optical aids to 

read standard print during practice sessions. Optical aids were not dispensed to 

participants for use outside of the practice sessions. Three instruments were used to 

collect data during this phase, the 400 Word Passage probes, the Long Term Reading 

Assessment, and the Visual Fatigue Checklist. 

Each participant received one to two 50 minute periods of instruction in the use of 
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his or her prescribed reading glasses. Instruction focused on techniques for keeping one's 

place on the line of print, use of a slant board, maintaining the correct woricing distance, 

and positioning of task lighting. Participants were instructed to rest their eyes at least 

once every twelve minutes by removing their glasses and glancing off into the distance 

for a few seconds. 

To collect pre-intervention data on reading rate, reading accuracy, and reading 

comprehension when reading large print and when reading standard print with optical 

devices, the first probe was administered over two consecutive days, using a counter­

balanced design. Participants orally read two large print passages and two standard print 

passages. Whether the first passage read by a participant on the first day was large print or 

standard print was randomly determined for each participant. The format of the first 

passage determined the formats of the remaining three passages. For example, if a 

participant were randomly assigned large print for the first passage, the second passage 

read that day would be in standard print. On the second day of the pre-intervention probe, 

the first passage assigned would be in standard print and the second in large print. 

Once the probe data had been gathered, baseline data on participants' long term 

reading was collected. Participants met with the researcher a maximum of fifty minutes, 

four times per week. At each session, they used their optical devices to read for periods 

up to thirty-eight minutes. Each session was tape recorded and videotaped for later 

analysis. Reading rate, reading accuracy, duration, and visual fatigue were recorded for 

each session. As reading rate is influenced by purpose for reading (Carver, 1990), 

participants were told at the begirming of each session that they would be asked to 
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provide a brief summary at the end of the session. The reading session terminated when 

the participant indicated an inabiUty to continue due to fatigue or the participant had read 

for the maximum time allotment of thirty-eight minutes. 

At each session, the participant read out loud for two-minute periods, interspersed 

with ten-minute periods of silent reading. At the beginning of this phase, the researcher 

attempted two-minute oral readings followed by a ten-minute period of silent reading, 

followed by another two minute timing, and so forth up to a maximum of three ten-

minute periods of silent reading and six two-minute timings. Since one indication of 

visual fatigue is a slower reading rate over time (Koenig & Holbrook, 1993), it was 

necessary to collect at least three oral reading samples equally interspersed throughout the 

session. For each session, the Visual Fatigue Checklist was completed. 

Additional probes throughout the intervention phase were included iri the study 

design. Large print and standard print formats were counter-balanced and randomly 

assigned. 

In single subject research designs, it is difficult to establish criteria prior to the 

collection of the data. In practice, the investigator usually determines that a clear data 

pattern is evident (Kazdin, 1982). The criteria for ending the intervention phase were (a) a 

duration of thirty minutes for three consecutive sessions and (b) a stable level. The 

researcher decided to end the intervention phase for two of the participants before both of 

these criteria were met. This was necessitated by the upcoming summer break. 

Prior to the initiation of Phase in, the researcher administered the post 

intervention probe. Large print and standard print formats were counter-balanced and 
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randomly assigned. 

Phase ni: Withdrawal of Instruction and Generalization to Classroom 

Upon the completion of the post intervention probe, each participant was given 

his or her optical aid and encouraged by the researcher to read standard print in the 

classroom and in other environments. A second set of optical devices were kept in the 

classroom should a participant forget to bring his or her devices to class. The researcher 

met with each student's teacher to introduce the device. The participant, the participant's 

teacher, and the subject's legal guardians were provided with information as to the 

student's reading rate, reading accuracy, reading duration, and visual fatigue when reading 

standard print with the optical device and when reading large print. The participants' 

reading teacher ensured that regular print materials were available for student use and 

were stored alongside large print materials so they were equally accessible. The 

researcher asked the teacher to leave the choice of reading media to the participant and to 

not do or say anything which would encourage the student to use one medium over the 

other. 

A trained observer made one classroom visit each week to observe each 

participant in his or her reading class over the next three weeks. The observer 

documented reading behaviors every fifteen seconds. This data provided information on 

the frequency of reading during the class period, the length of time the student read, and 

the reading medium chosen. 

At the end of the three week period, a probe was administered to collect data on 

participants' oral reading rate, reading accuracy, and comprehension when reading large 
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print and when reading standard print with an optical device. Formats were 

counterbalanced and randomly assigned. 

Phase IV: Return to Intervention 

If participants' scores on reading rate or duration fell below that achieved at the 

end of Phase II, the researcher planned to replicate the procedures implemented in Phase 

n. This phase would have been implemented or one participant whose post maintenance 

data demonstrated a decline in oral reading rate. However, it was not possible to 

implement Phase IV of the study due to the upcoming summer vacation. 

Interviews with Participants and Teachers 

After the completion of the maintenance probe, the researcher interviewed each of 

the participants using an outline to guide the interviews. Interviews were recorded and 

transcribed for later analysis. Participants' teachers provided additional information 

through their contacts with the researcher and informal interviews. 

Study Participants 

Selection of Participants 

Three participants were selected for this study from the population of students 

enrolled in the Arizona State School for the Blind on the Tucson campus. To be included 

in the study, participants (a) were enrolled in the academic program in the School for the 

Blind, (b) were at least eleven years of age at the initiation of the study, (c) used large 

print texts in their classrooms, (d) were unwilling or unable to read standard print texts, 

(e) were not currently using optical devices to read standard print for long term reading, 

(f) had a best corrected visual acuity of 10/50 through 10/200 in the better eye as 



measured on the Distance Test Chart for the Partially Sighted (Snellen equivalent of 

20/100 through 20/400), (g) had an eye condition which was currently considered stable, 

(h) had a verbal intelligence quotient within one and one-half standard deviations of the 

mean, (i) had achieved at least a fourth grade reading level on the most recently 

administered standardized reading test, (j) were free of physical conditions which would 

make it difficult to utilize an optical device, (k) were free of speech impairments or other 

physical disabilities which would interfere with rate of speech, (1) had legal guardian(s) 

who gave permission for participation in the study, (m) were willing to participate in the 

study, (n) were available four days per week for a fifty minute period each day throughout 

the duration of the study, and (o) had a reading teacher who was willing to participate in 

the study. 

The researcher met with the Principal of the School for the Blind to identify 

students who were enrolled in the academic program, met the age criterion, and were 

available during the school day to participate in the study. Twenty-four students out of a 

student population of ninety-five met the criteria for age and type of educational program. 

The school psychologist, speech therapist, and physical therapist assisted the.researcher in 

identifying students from the pool of twenty-four who met other criteria. Four students 

met the criteria for inclusion in this study; three males and one female. These four 

students and their parents signed consent forms to participate in the study. One of the 

males was unable to participate because of a change in his schedule. 

Descriptions of the Participants 

Two males and one female participated in this study. They were between ages 
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fifteen to eighteen. Each participant was from a different background: American Indian, 

Hispanic, and Anglo. Table 3 simmiarizes demographic information; Table 4 summarizes 

important information about participants' eye conditions. 

Demographic Information 

Participant Sex Age at Initiation of Study Age at Conclusion of Study Grade in 
School 

Don Male 17 years 1 month 10 days 17 years 9 months 16 days Eleventh 

Sam Male 17 years 11 months 26 days 18 years 8 months 7 days Eleventh 

Erin Female 15 years 5 months 19 days 16 years 2 months 1 day Tenth 

Table 3. Demographic information. 

Three different eye conditions were represented: oculocutaneous albinism, optic 

atrophy, and Stargardt's. Participants' distance visual acuity ranged from 20/100 to 

20/240. One participant had normal contrast sensitivity and normal visual fields. The 

Eye Conditions of Participants and Results of Vision Testing 

Participant Visual Condition Age of 
Diagnosis 

Distance 
Visual Acuity 

Contrast 
Sensitivity 

Visual Field 

Don Oculocutaneous 
Albinism 

Birth 10/50 
(20/100) 
No 
improvement 
with correction 

Normal Full 

Sam Optic Atrophy Birth 10/120 
(20/240) 
No 
improvement 
with correction 

Reduced Nasal 
heminopsia 

Erin Stargardt's Disease 12 years of 
age 

10/80 
(20/160) 
With 
correction 

Reduced Central 
scotoma 

Table 4. Eye conditions of participants and results of vision testing. 

remaining two participants had reduced contrast sensitivity and visual field losses. Of 
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these, one had a nasal visual field loss in both eyes; the other had a central field loss. 

All participants' verbal intelligence quotients on their most recent psychological 

assessments were within one and one-half standard deviations of the mean. 

At the initiation of the study, teachers had been providing all three students with 

large print textbooks. At the standard reading distance of sixteen inches (40 centimeters), 

the size print participants were able to read without an optical device ranged from 1.25M 

to 5M print. A low vision optometrist examined each of the students and prescribed 

reading spectacles as the most effective device for reading. Each of the students was able 

to read .67M print (Times New Roman 7 to 8 point print) with the reading spectacles 

prescribed. Participants' prescriptions are listed in Table 5 as well as their near visual 

acuity with and without reading glasses-

Near Visual Acuity with and without Prescribed Optical Devices 

Participant Reading Spectacles Prescribed as Optical 
Device 

Visual Acuity 
without Reading 

Glasses 

Visual Acuity 
with Reading 

Glasses 

Participant 

Right Eye Left Eye 

Visual Acuity 
without Reading 

Glasses 

Visual Acuity 
with Reading 

Glasses 

Don +2.50-1.50x013 +0.50-1.50x175 1.25M print at 
16 inches 

.67M print 

Sam +6.00 +6.00 5M at 16 inches .67M+ print at 
2 to 3 inches 

Erin +3.00-1.75 X 180 +3-00 -2.00 X 170 3.2M at 16 
inches 

.67M at 3 
inches 

Table 5. Near visual acuity with and without prescribed optical devices. 

Participants' independent reading levels were determined through the 

administration of two informal reading inventories. For the purpose of this study, 

independent reading level was defined as the highest independent reading leyel achieved 
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on both inventories. Participants' reading levels ranged from Level 5 through Level 8. 

Table 6 provides details about each subject's reading level. 

Participants' Highest Independent Reading Level 
Based on Administration of Infonnal Reading Inventories 

Informal Reading Inventory Criterion 
Participants 

Informal Reading Inventory Criterion 
Don Erin Sam 

Analytical Reading Inventory Acceptability 97% 98% 98% Analytical Reading Inventory 

Comprehension 88% 100% 100% 

Analytical Reading Inventory 

Reading Level 5 9 8 

Qualitative Reading Inventory Acceptability 97% 99% 99% Qualitative Reading Inventory 

Comprehension 88% 88% 100% 

Qualitative Reading Inventory 

Reading Level 5 6 Junior 
High 

Highest Independent Reading Level for Study Based on 
Agreement Between Both Inventories 

5 6 8 

Table 6. Participants' independent reading levels. 

Don. At the initiation of the study, Don was a 17 year old male enrolled in the 

eleventh grade (see Table 3). Ethnic background was Navajo. Don learned English as a 

second language. His primary eye condition was oculocutaneous albinism with the 

following associated vision difficulties: reduced visual acuity, nystagmus, and 

photosensitivity. He also had esotropia of approximately thirty five prism diopters when 

focusing at near and far, and anisometropia. Results of contrast sensitivity testing were 

within normal limits and visual fields were full. Don's distance visual acuity with or 

without correction was 10/50 (20/100) in the right eye, 10/120 (20/240) in the left, and 

10/50 (20/100) using both eyes together (see Table 4). The glasses prescribed by the low 

vision optometrist for near work were also appropriate for distance viewing. Because they 
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did not improve Don's ability to see detail at a distance, the low vision optometrist 

advised Don to use the glasses for distance viewing only if he felt they were beneficial. At 

the standard testing distance of 16 inches, Don's was able to read 1.25M print (Times 

New Roman 12 point print). Glasses allowed Don to read .67M print which is equivalent 

to Times New Roman 7 to 8 point print (see Table 5). 

Don's independent reading level was 5"** grade based on the administration of the 

Analytical Reading Inventory and the Qualitative Reading Inventory (see Table 6). Don 

preferred books with Native American or horror themes. During the baseline and 

intervention phases of the study, Don read two books: Downriver (Hobbs, 1991) and 

Beardance (Hobbs, 1993). Although Don's independent reading level was lower than the 

other participants, he was the most enthusiastic reader. 

Sam. Sam was almost eighteen years of age at the start of the study (see Table 3). 

His ethnic background was Anglo. Sam was diagnosed with a visual impairment at birth. 

His primary eye condition was optic atrophy and chorioretinis. He had previous 

strabismus surgery to correct a muscle imbalance of the right eye. Sam had reduced 

contrast sensitivity. Visual field testing revealed nasal heminopsia in both eyes. Sam's 

eye condition had been stable over the years. His best corrected visual acuity was 10/120 

(20/240) in the right eye, 10/160 (20/320) in the left, and 10/120 (20/240) when using 

both eyes together (see Table 4). Glasses did not improve his distance visual acuity. At a 

testing distance of 16 inches, Sam was able to read 5M print (Times New Roman 48 point 

print). Reading glasses allowed Sam to read .67M print (Times New Roman 7 to 8 point 

print) at a working distance of two to three inches (see Table 5). 
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Sam's independent reading level was 8* grade based on the administration of the 

Analytical Reading Inventory and the Qualitative Reading Inventory (see Table 6). He 

expressed a preference for reading science fiction, futuristic, and "blood and death" 

themes. Favorite books included a Star Trek series and those by Stephen King. Sam chose 

the novel Adiamante (Modesitt, 1996) for long term reading. During the first baseline 

session, the researcher was concerned that Sam's attempts to pronounce the unusual 

proper names would result in a spuriously low reading rate. Data from this session was 

not included in the study. Sam's second choice. Galactic Warlord (Hill, 1981), was 

substituted. Although Sam stated that he did as little reading as possible, his attendance 

during the study was good. While he was reading Galactic Warlord, he smiled and 

chuckled as the events imfolded. 

Erin. Erin was a fifteen year old female enrolled in the tenth grade (see Table 3). 

Her ethnic background was Hispanic. She was diagnosed with Stargardt's at the age of 

twelve. Erin attended public school prior to enrollment in the School for the Blind. 

Tucson Campus at the age of fourteen. Vision had been stable over the past two years. 

Testing revealed reduced contrast sensitivity. As is typical of Stargardt's, Erin had a 

central field loss with normal peripheral visual fields. Best corrected distance visual 

acuity with glasses was 10/180 (20/360) in the right eye, 10/120 (20/240) in the left, and 

10/80 (20/160) when using both eyes together (see Table 4). The smallest size print Erin 

was able to read at a testing distance of 16 inches was 3.2M print (Times New Roman 28 

point print). With her prescribed reading glasses, Erin was able to read .67M print (Times 

New Roman 7 to 8 point print (see Table 5). 
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Based on performance on the Analytical Reading Inventory and the Qualitative 

Reading Inventory, Erin's independent reading level was identified as 6* grade (see Table 

6). Erin expressed a preference for reading mysteries, adventures, science fiction, and 

romance. Erin's first choice of a novel for long term reading was Ordinarv People (Guest, 

1976). After the first session, Erin stated she did not like the book. Her second choice, 

Kokopelli's Flute (Hobbs, 1995) was substituted. Erin liked this book and told her 

reading teacher that she was enjoying reading for the first time. Erin expressed 

embarrassment over being videotaped and audiotaped and reluctantly attended sessions. 

She was suffering fi^om allergies and tiredness. It was not unusual for Erin to lay her head 

on the desk and fall asleep before the end of a session. 

Setting 

This study was conducted at the Tucson campus of the Arizona State Schools for 

the Deaf and the Blind (ASDB). The School for the Blind is a center based program 

which provides comprehensive educational programs for visually impaired students. 

Dormitory facilities are available to students whose homes are located outside the daily 

transportation boundaries. Approximately 40% of the students enrolled in the School for 

the Blind are day students; the remaining 60% of the students reside at the school, 

returning home each weekend if they live within 125 miles of Tucson. 

The study was also conducted within a testing room located on the school campus. 

Participants were also observed in their reading classrooms during Phase I and Phase III 

of the study. 

Instruments and Data Collection 
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The following instruments were used to collect data described in the overview of 

design section. All sessions, except for classroom observations, were videotaped and 

recorded on cassette tape for later analysis and reliability checks. A visual overview of the 

instruments and the type of data each contributed to the study is provided in Table 2. 

Demographic Forms 

Demographic data were collected at the start of the study using the forms in 

Appendix B: Participant Demographic Form and Appendix E: Individual Data for 

Participants. 

Informal Reading hiventorv Assessment 

The Informal Reading Inventory Assessment was administered in large print 

format during the pre-study phase and at the end of the study and provided an estimate of 

participants' independent reading levels. The researcher reviewed two commercially 

available informal reading inventories, the Qualitative Reading Inventorv-ll (Leslie & 

Caldwell, 1995) and the Analytical Reading Inventory (Woods & Moe, 1995) and 

adapted procedures and criteria for the purpose of this study. Prior to the initiation of the 

study, the researcher randomly determined which passages of the two commercial 

informal reading inventories would be administered to each participant. Each inventory 

had three narrative passages at each reading level. For each participant, one passage was 

randomly selected at each level from the three available passages in each inventory. 

Appendix F contains the procedures and guidelines for administration and scoring of the 

Informal Reading Inventory Assessment. Each subject's independent reading level was 

determined based on the highest level at which the student met the following criteria for 



passages from both inventories: (a) 88%-100% comprehension, and (b) 98%-100% total 

acceptability. Total acceptability was computed by subtracting the total number of 

unacceptable miscues from the total number of words in the passage and dividing by the 

total number of words in the passage. Data obtained from the administration of the 

Informal Reading Inventory Assessments at each phase of the study were recorded on the 

forms contained in Appendix H: Miscue Analysis Form. 

Probes 

Probes were administered in large print and standard print formats at the times 

previously described. 400 word passages were randomly selected from the Times 

Readings in Literature (Spargo, 1989) series booklet which was one level below the 

participant's independent reading level. The comprehension questions accompanying 

each passage were administered and a miscue analysis completed using the form in 

Appendix H. 

Lone Term Reading Assessment 

The Long Term Reading Assessment was used in each phase of the study to 

gather information about participants' long term reading performance when reading 

standard print with optical devices and when reading large print for periods up to thirty-

eight minutes. Procedures for the Long Term Reading Assessment are documented in 

Appendix G. Two minute oral timings interspersed throughout the reading session 

allowed the researcher to calculate oral reading rate and reading accuracy. As participants 

were also engaging in silent reading during long term reading sessions, data were also 

collected on silent reading rate. Long term reading sessions allowed the researcher to 
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gather data on reading duration and visual fatigue. Reading duration was defined as the 

length of time a participant read during a session with a maximum duration of thirty-eight 

minutes. The researcher investigated visual fatigue by comparing oral reading rate during 

the last two minute interval with oral reading rate during the first two minute interval. 

The forms used to record Long Term Reading Assessment data are found in Appendix H: 

Miscue Analysis Form and Appendix I: Long Term Reading Assessment Recording 

Form. 

Classroom Observation Instrument 

Appendix J contains a copy of the classroom observation instrument. This 

instrument was used in Phase I and Phase III of the study to collect data on the number of 

times participants were engaged in reading in their classrooms, the duration of each 

reading event, the amount of time between occurrences of reading, and the media selected 

by the participants. Every fifteen seconds, an observor recorded participants' reading 

behaviors using this form. 

Visual Fatigue Checklist 

The checklist and form in Appendix K was used during Phase I and Phase II to 

record symptoms of visual fatigue. The checklist was also used during the participants" 

interviews. 

Participant Interview 

The Participant Interview (Appendix L) includes a list of questions which guided 

the researcher's final interview with participants. The interviews were recorded and 

transcribed for qualitative analysis. 



Data Analysis Procedures 

This section describes the procedures which were used by the researcher to 

analyze the data. All data were entered into spreadsheets developed by the researcher 

using Microsoft Excel 97; formulas were developed for all computations and checked for 

accuracy. Graphs were created using the same program. 

Research Question 1: Does Practice Reading Standard Print with a Prescribed Optical 

Device Result in Changes in the Following Measures of Reading Efficiency: Reading 

Rate. Reading Accuracy. Reading Dtiration. and Visual Fatigue? 

Two instruments provided data related to this question. Probes provided 

information about participants' reading efficiency (oral reading rate, accuracy, and 

comprehension) when completing short term reading tasks with their optical devices; the 

long term reading assessments provided uiformation about reading efficiency (oral and 

silent reading rate, accuracy, duration, and visual fatigue) when completing long term 

reading tasks. 

Probes. Probes were administered at three points over Phase II: (a) prior to the 

initiation of the practice sessions, (b) approximately mid-way through intervention, and 

(c) at the end of the intervention phase. Two standard print passages were administered at 

each probe. Although the publisher indicated that the passages in the Timed Readings in 

Literature series contained 400 words, the researcher noted that some passages had fewer 

words and some had more. To count the niraiber of words, each passage was scarmed into 

a computer and the total number of words was calculated using the properties feature 

found under the file option in Corel WordPerfect 8.0. Oral reading rate was calculated by 
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dividing the total number of words by the number of seconds and multiplying by 60 to 

yield reading rate in words per minute. A mean oral reading rate was calculated for each 

probe by averaging the results for the two standard print passages which were 

administered. Differences between pre- and post- intervention reading rates were 

calculated by subtracting the mean pre-intervention oral reading rate from the mean post-

intervention oral reading rate. Percentage of increase or decrease in reading rate was also 

calculated by dividing the mean pre-intervention oral reading rate by the mean post-

intervention reading rate and multiplj^g by 100%. 

Participants' miscues were analyzed for each passage at each intervention probe 

and accuracy scores were calculated. Accuracy was calculated by subtracting the total 

number of unacceptable miscues from the total number of words in the passage, dividing 

the result by the total number of words and multiplying by 100%. Mean accuracy scores 

for each probe were calculated by averaging the accuracy scores for the two passages 

which were administered at that probe. Differences in mean accuracy scores between pre 

and post intervention probes and percentage of increase or decrease were calculated. The 

researcher multiplied the participant's mean accuracy score by 10% and computed an 

upper and lower criterion by adding the result to the pre intervention mean accuracy score 

and by subtracting the result from the pre intervention mean accuracy score. If the mean 

accuracy score at the end of Phase II exceeded the upper criterion, the researcher 

concluded that the subject's reading accuracy had increased. If the mean accuracy score at 

the post-intervention probe was below the lower criterion, then the researcher concluded 

that reading accuracy had decreased. If the mean accuracy score fell between the upper 



85 

and lower criterion then the researcher concluded that reading accuracy had not changed. 

Comprehension scores were calculated for each passage by adding the total 

number of questions answered correctly by ten, the total number of questions for each 

passage, and multiplying by 100%. Mean accuracy scores for each probe were calculated 

by averaging the comprehension scores for the two passages administered at that probe. 

Differences in mean comprehension scores at pre and post intervention probes and 

percentage of increase or decrease were also calculated using the procedure described for 

oral reading rate. 

Bar graphs were used to display mean oral reading rates, mean accuracy, and 

mean comprehension scores for pre-intervention, mid-way through intervention, and post 

intervention probes. 

Long term reading assessment. Data collected through the use of the Long Term 

Reading Assessment and the Visual Fatigue Checklist was analyzed to provide 

information about participants' reading efficiency and comfort when completing long 

term reading tasks with optical devices. These assessment tools were used to collect 

measures of oral and silent reading rate, reading accuracy, reading duration, and visual 

fatigue over Phase I and Phase II of the study. The Visual Fatigue Checklist was 

completed each time the Long Term Reading Inventory Assessment was administered and 

provided information regarding behavioral symptoms of fatigue. Data were plotted on 

four graphs to provide a visual representation of reading rate, reading accuracy, reading 

duration, and visual fatigue throughout each phase of the study. A second graph of 

occurrences and nonoccurrences of visual fatigue will be constructed for analysis at a 
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later date. 

Reading rate. Reading rates were calculated for each oral and silent 

reading interval during a session. The words read by the participant during the interval 

were scanned into a computer and counted as described above. The total number of words 

for each interval were divided by the total number of seconds for that interval to yield 

reading rate in words per minute. Mean oral and silent reading rates were also calculated 

for each session. For example, the formula for calculating mean oral reading rate was to 

add the total number of words for each oral interval in the session, divide by the total 

nimiber of seconds for each oral interval in the session and multiply by 60. The researcher 

compared the oral and silent reading rates at the last session of intervention \yith the first 

session of intervention by subtracting the rates for the first session fi-om the rates at the 

last session. Percentage of increase or decrease was also calculated by dividing the rate at 

the last session of intervention by the rate at the first session of intervention. 

Reading accuracv. A miscue analysis was completed for each oral interval 

of the long term reading assessments during Phase II of the study. Mean accuracy scores 

were calculated for each session by subtracting the total number of unacceptable miscues 

fi-om the total number of words, dividing the result by the total number of words and 

multiplying by 100%. 

Reading duration. Duration in minutes was computed by adding the 

number of seconds read during each oral and silent interval in a session and dividing by 

60 seconds. 

Visual fatigue. Fatigue was defined as a decrease in reading rate of more 



than 714% when the last oral interval is compared with the first oral interval of a session. 

The reading rate of the first oral interval was multiplied by 7'/2% to yield a criterion for 

determining if fatigue occurred. Fatigue was documented for the session if the oral 

reading rate of the last interval was less than the criterion. 

Visual analysis of graphs of reading rate, accuracy, duration, and fatigue. 

The researcher also applied the process described by Tawney and Gast (1984) for visual 

analysis of graphic data. Vertical lines were drawn between non-contiguous sessions 

during the intervention phase. Trend direction, trend stability, data paths, level stability 

and range and level change were estimated for measures of reading efficiency. An expert 

in single subject design reviewed the graphs and confirmed the researcher's visual 

analysis of the data. 

Research Question 2: How Manv Hours of Practice Reading Standard Print with an 

Optical Device Are Completed Before Reading Rate Stabilizes? 

To answer this question, the researcher estimated the level stability for each of the 

sub-phases of the intervention phase using the process suggested by Tawney and Gast 

(1984). Stability was considered reached if at least 85% of the data points in a sub-phase 

fell on or within an envelope which was 7'/2% above and below the mean level for that 

sub-phase. The researcher then counted the number of practice sessions prior to the sub-

phase in which stability was reached. 

Research Question 3: Will Students Maintain Reading Rate and Reading Accuracy Three 

Weeks after Cessation of Practice Sessions? 

Reading rate. The researcher multiplied the participant's mean oral reading rate at 
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the post intervention probe by 7'/2% and computed an upper and lower criterion by adding 

the result to the post intervention probe mean oral reading rate, and by subtracting the 

result from the post intervention probe mean oral reading rate. The participant's 

maintenance probe mean oral reading rate was compared with these figures. If the reading 

rate for the maintenance probe was equal to or between the two figures, the researcher 

concluded that reading rate was maintained. If the measure exceeded the upper figure, the 

researcher concluded that the participant's reading rate had increased. Conversely, the 

researcher concluded that the participant's reading rate had decreased if the measure was 

below the lower figure. 

Reading accuracv. If the mean accuracy score on the maintenance probe was 

within ±\Qi% of the participant's mean acceptability score on the post intervention probe, 

the researcher concluded that reading accuracy was maintained. The researcher multiplied 

the participant's mean accuracy score at the post intervention probe by 10% and 

computed an upper and lower criterion by adding the result to the post intervention probe 

mean accuracy score, and by subtracting the result from the post intervention probe mean 

mean accuracy score. The participant's maintenance probe mean accuracy score was 

compared with these figures. If the mean accuracy score for the maintenance probe was 

equal to or between the two figures, the researcher concluded that accuracy was 

maintained. If the measure exceeded the upper figure, the researcher concluded that the 

participant's accuracy had increased. Conversely, the researcher concluded that the 

participant's accuracy had decreased if the measure was below the lower figure. 

Research Question 4: Will Students Independently Choose to Read Regular Size Print 
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with Their Prescribed Optical Devices after Receiving Instruction and Practice in the Use 

of Their Devices? 

To answer this question, the researcher divided the number of times a participant 

used his or her optical device by the total number of times the student accessed printed 

material. The percentage of times the student accessed printed information through large 

print, braille, tapes, or a reader was also computed. 

Research Question 5: Are There Differences Between Reading Rate. Reading Accuracy. 

Readinp Duration, and Visual Fatigue When Students with Low Vision Read Standard 

Print with Optical Devices and When Thev Read Large Print? 

To answer this question, data from the probes and the Long Term Reading 

Assessment were examined. The probes were administered at four different points in 

time: prior to intervention in Phase II, midway through the intervention phase, at the end 

of the intervention phase, and at the end of the maintenance phase. A second source of 

data was the Long Term Reading Assessment used in conjunction with the Visual Fatigue 

Checklist. Data on reading rate, accuracy, duration, and visual fatigue for large print 

formats was gathered during Phase I-baseline. The same formulas were applied to 

calculate oral and silent reading rate, accuracy, duration, and fatigue when participants 

were reading large print as when reading standard print. The reader is referred to 

Research Question 1 for those formulas. 

To compare large print and standard print formats, the researcher compared the 

means for large print measures collected during Phase I-Baseline with the means for 

standard print measures collected during Phase U-Standard Print with Optical Devices. 



90 

The researcher also evaluated changes in the mean, level, trend across phases, and 

the rapidity of changes when conditions were altered between phases. Techniques such as 

plotting of means on the graphs, utilizing the split-middle technique to plot trends, and 

computing ratios to represent changes in levels between phases were employed (Kazdin. 

1982; Tawney & Gast, 1984). 

Mean oral reading rate, accuracy, and comprehension measures for large print and 

standard print with optical devices were computed for the probe data and plotted on bar 

graphs to allow for visual comparisons of the media. 

Reliability 

In single subject research designs, reliability refers to the "extent to which 

observers agree in their scoring of behavior" (Kazdin, 1982, p. 48). The researcher tape 

recorded and videotaped all sessions during Phase I, II, and HI to create a permanent 

record. Inter-observer reliability was established by randomly selecting two tapes v^thin 

each of these phases for independent scoring by the researcher and another trained 

observer. Inter-observer reliability was calculated using the point by point method for 

mterval data (Tawney and Gast, 1984). The researcher examined the scoring of the two 

observers, counting one for each interval in which there was agreement that a behavior 

occurred and counting one for each interval in which there was disagreement- that a 

behavior occurred. The followdng formula yielded a total percent of agreement: 

Agreements 
X 100 = Percent of Agreement 

Agreements + Disagreements 

The researcher utilized Excel 97 to ensure that the data were accurately calculated. 
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Ehimmy data were entered into the spreadsheet and results of calculations checked against 

hand calculations. Demographic data and data collected from each session was entered by 

the researcher. An assistant checked paper copies of data against a computer print out. 

Discrepancies were rechecked by the researcher and corrected. 

Reliability was addressed by careful training of the observers so they achieved a 

high degree of proficiency before initiating the study. The researcher field tested the 

procedures for administering each instrument and developed guidelines for scoring 

results. The Informal Reading Inventory Assessment and the Long Term Reading 

Inventory Assessment were administered to three students without visual impairments. 

These sessions were tape recorded for use in training sessions. The researcher and a 

research assistant independently listened to one of the tapes, following the guidelines for 

scoring which were developed. Inter-rater reliability was calculated using the method 

previously described. Areas of discrepancy were identified and guidelines and procedures 

modified to improve accuracy and inter-observer agreement. The study was not initiated 

until inter-rater reliability for both measures was at least 80%. 

Classroom Observation 

To establish accuracy in recording behavior using the Classroom Observation 

Form, the individuals who completed the classroom observations during Phase I and III of 

the study completed classroom observations of students not included in the study. The 

researcher observed at the same time. Inter-rater reliability was calculated, discrepancies 

noted, observers retrained, and the instrument revised until an inter-rater reliability of at 

least 80% had been achieved. 
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Demographic Form 

The researcher entered all initial data into a computer. Once data had been 

entered, a computer printout was obtained and checked by an assistant against the paper 

copies of the Demographic Forms. Any discrepancies in the printout were changed by the 

researcher. 

Informal Reading Inventory Assessment 

After listening to the cassette tape from a session, the researcher recorded data on 

the Informal Reading Inventory Assessment Form. During each phase of the study, inter-

observer agreement was checked by having a research assistant score two tapes which had 

been randomly selected. 

Long Term Reading Assessment 

During each phase of the study, two tapes were randomly selected and scored by a 

research assistant. Inter-observer agreement was calculated. 

Summary 

This research study employed a descriptive single subject research design to 

investigate the effects of practice on reading rate, reading accuracy, reading duration, and 

visual fatigue. Differences which might exist between reading efficiency and comfort 

when reading large print and when reading standard print with an optical device were 

explored. The researcher attempted to reduce threats to internal validity by using 

objective measures, by collecting data continuously over time, by establishing a history of 

performance prior to intervention, and by replicating the study with three participants. 
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CHAPTER 4 

RESULTS 

This chapter presents the results of a descriptive study on the effects of practice on 

reading efficiency for three readers with low vision when reading standard print with 

optical devices. Reading rate (words read per minute), reading accuracy (percentage of 

words read correctly), reading duration (length of time reading), visual fatigue, and self-

perceptions about reading were examined for each of the three participants over six 

months in the 1997-1998 school year. The study consisted of three major phases: baseline 

(during which data were collected no more frequently than once every two weeks on 

participants' efficiency in reading large print, their ususal classroom reading medium); 

intervention (during which data were collected daily on participants' efficiency in reading 

standard print with prescribed reading glasses); and maintenance. 

Performance results for the baseline phase, intervention sub-phases, and maintenance 

phase were compared. To compare reading efficiency between large print and standard 

print with reading glasses, data were collected at three times during the study using 400 

word narrative passages; prior to intervention, mid-way through intervention, at the end 

of the intervention phase, and at the end of the maintenance phase. 

This chapter describes the participants in the study, reports reliability and validity, 

reports results for the six research questions which guided the study, and summarizes 

participants' responses during individual informal interviews which were conducted at 

the conclusion of the study. 

Reliability and Validity 
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In single subject designs the concept of reliability refers to the accuracy of the data 

and to one's confidence that the outcomes of an intervention would be the same if the 

experiment were repeated many times (Tawney & Gast, 1984). The researcher attempted 

to ensure the accuracy of the data by creating a permanent record of each session using 

audio and video tape recordings which were available for later review and cross­

checking. Computer generated spreadsheets were created for data entry and computations. 

The output of all computational formulas were checked by hand and revised as necessary 

before participant data were entered. Data entered was printed out and checked against 

original data. A programmable timer with a count down feature was used for'timings. 

Timings were re-checked using the audiotapes and adjustments made as necessary. 

Guidelines for administration of instruments and procedures for scoring were used to 

improve consistency in scoring and inter-rater reliability. Observers were trained in the 

administration and scoring of instruments prior to the initiation of the study. Inter-

observer agreement was calculated for miscue analysis and classroom observations. Inter-

observer agreement for miscue analysis was 99% to 100% throughout the study. Inter-

observer agreement for classroom observations ranged from 87.5% to 89%. The 

replication of the study over three participants was an attempt to respond to the issue of 

reliability. 

The researcher attempted to reduce some of the threats to internal validity by 

using a multiple baseline design over three subjects, identifying criterion levels before the 

initiation of the study, and applying the intervention only when the criterion was attained 

in the baseline. 



Results 

The study was guided by six research questions. The results for each participant 

are reported under each research question. 

Research Question 1. Does Practice Reading StanHarH Print with a Prescribed Optical 

Result in Changes in the Following Measures of Reading Efficiency: Reading Rate. 

Reading Accuracy. Reading Duration, and Visual Fatipiie*? 

Reading Rate 

The probes and the Long Term Reading Assessment proyided information about 

changes in participants' reading rates. Oral reading rates were gathered through 

administration of the probes and the long term reading assessment; silent reading rates 

were gathered through the long term reading assessment. Oral reading rate scores differed 

between the two instruments and among the participants. Two participants demonstrated 

increases in oral reading rates on both measures. Results were in conflict on the two 

measures for one participant. An increase in oral reading rate was demonstrated on the 

Long Term Reading assessment and a decrease in rate on the probes. Participants also 

demonstrated indiyidual differences in the impact of practice on silent reading rate as 

measured by the Long Term Reading Assessment. Two participants showed increases in 

silent reading rates while one demonstrated no change. 

Examination of graphs of each subject's oral and silent reading rates during the 

baseline and intervention phase revealed individual patterns for each of the three 

participants. Data for participants is presented below. 

400 word passage probes, oral reading. The 400 word passage probes provided 
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measures of oral reading rate when reading standard print with reading glasses prior to 

intervention, mid-way through the intervention phase, and at the end of the intervention 

phase. The comprehension questions which followed each passage were administered and 

scored and a mean comprehension score calculated to represent performance at each of 

the times described above. For each participant, the mean oral reading rates and mean 

comprehension scores were compared. Don and Erin demonstrated an increase in oral 

reading rate when reading standard print with their reading glasses, while Sam 

demonstrated a decrease (see Graph 1). Participants differed in changes in their 

comprehension scores over the intervention phase. Don's and Sam's highest 

comprehension scores were achieved when reading at their slowest rate (see Graph 2). 

Don. Don's mean oral reading rate when reading standard print with his 

reading glasses increased from 97.2 words per minute prior to intervention to 120.8 

words per minute at the end of the intervention phase, an increase of 22.8 words per 

minute. Post intervention oral reading rate was 24% above his pre intervention oral 

reading rate. Although comparison of rates at pre intervention, midway, and post 

intervention points revealed an increase in oral reading rate (see Graph 1), Don's 

comprehension score decreased from 95% prior to intervention to 80% midway through 

intervention and then rose to 85% comprehension at the post intervention probe (see 

Graph 2). 

Sam. Sam's mean oral reading rate when reading standard print with his 

reading glasses decreased from 53 words per minute prior to intervention to 36.3 words 

per minute at the end of the intervention phase, a decrease of 16.7 words per minute. This 
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represented a 32% decrease below his pre intervention oral reading rate. There was an 

inverse correlation between comprehension and mean oral reading rate. Sam's fastest oral 

reading rate and lowest comprehension score occurred at the pre intervention probe; his 

slowest oral reading rate and highest comprehension score occurred at the post 

intervention probe (see Graphs 1 and 2). 

Erin. Erin's mean oral reading rate when reading standard print with her 

reading glasses increased slightly from 25.8 words per minute prior to intervention to 

29.4 words per minute at the end of the intervention phase, an increase of 3.8 words per 

minute (see Graph 1). This represented an increase of 14% above her pre intervention oral 

reading rate. Data for the midway probe was not available for Erin as the researcher 

decided to forego the collection of this data given a limited number of available sessions 

before the end of the school year. Erin achieved mean comprehension scores of 93% prior 

to intervention and 100% at the end of the intervention phase (see Graph 2). 

Long term reading assessment, oral and silent reading. The long term reading 

assessment provided information about participants' oral and silent reading rates over the 

intervention phase. Unlike the probes, which were administered at three times during the 

intervention phase, the long term reading assessment was used to collect data during each 

daily practice session throughout the intervention phase. Because of school schedules, 

practice sessions were scheduled Monday through Thursday resulting in a three-day break 

after four sessions. There were several times during the study when longer breaks 

occurred. Participants were unavailable for practice sessions during the spring holiday, a 

break of ten days. Participants were sometimes absent due to conflicts, illness, or failure 
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to show up for a scheduled session. These breaks were used to divide the data gathered 

during the intervention phase into sub-phases. The data were graphed for each participant 

and visually examined for the effects of practice. 

Each participant demonstrated variability in oral and silent reading rates during 

the intervention phase of the study. Two of the participants demonstrated a slight fall-off 

in oral reading rate after almost every break with a gradual increase in oral reading rate 

when daily practice sessions were resumed. Erin did not present this pattern. Patterns for 

each participant are summarized below. 

Don. Prior to begirming the practice intervention, baseline oral and silent 

reading rates were collected no more frequently than once every two weeks over a period 

of 12 weeks using large print reading materials (see sessions 1 through 6 on Graph 3). 

During the baseline phase of the study, Don demonstrated oral reading rates that ranged 

from 88.9 words per minute to 105.9 words per minute with a mean rate of 95.3 words 

per minute. His silent reading rates ranged from 87.2 words per minute to 105.9 words 

per minute with a mean rate of 98.4 words per minute. This baseline was stable prior to 

the introduction of the intervention. 

During the intervention phase of the study, Don demonstrated oral reading 

rates that ranged from 102.8 words per minute to 132.3 words per minute with a mean 

rate of 115 words per minute. Silent reading rates ranged from 97.8 words per minute to 

132.2 words per minute, with a mean rate of 115.6 words per minute. 

In Session 7, the first session in which Don used standard print and 

reading glasses, his oral and silent reading rates exceeded the oral and silent reading rates 
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achieved in each of the six sessions in which he read large print during the baseline phase. 

The first session of the intervention phase was followed by a break of five days and four 

sub-phases of practice sessions with breaks of various lengths of time between the sub-

phases: a 3 day break between sub-phases 2 and 3; a 5 day break between sub-phases 3 

and 4 (two of these days were used to collect probe data); and a ten day break between 

sub-phases 4 and 5. Breaks between sub-phases are indicated by dashed lines in Graph 3. 

Don's oral reading rate in the first session following a break always fell below the oral 

reading rate he had achieved in the last session of the previous sub-phase (see Session 8, 

Session 12, Session 14, and Session 17). However, once practice sessions resumed Don 

demonstrated a gradual increase in oral reading rate from the first to the last session in 

sub-phases 2, 3, and 4. In sub-phase 5, Don's oral reading rate dropped further in the 

Session 18, the second session of that sub-phase, but then demonstrated the gradual 

increase in oral reading rate seen in sub-phases 2. 3. and 4. 

Don's data for the effects of practice on silent reading rate showed a 

similar drop in reading rate after three out of four breaks (see sessions 8, 14, and 17). 

While oral reading rates showed a gradual increase from the first session in a sub phase to 

the last, silent reading rates showed more variability from session to session within a sub 

phase, demonstrating step-like increases in 50% of the sub-phases (see sub-phases 3 and 

4). Silent reading rates in every session during the intervention phase except one 

exceeded the highest silent reading rate obtained during the baseline phase. 

Sam. Prior to the introduction of the practice intervention, the researcher 

collected baseline oral and silent reading rates no more frequently than once every two 
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weeks over a period of 7 weeks using large print materials (see Sessions I through 5 in 

Graph 4). During the baseline phase, Sam's oral reading rates ranged from 41 words per 

minute to 44.7 words per minute with a mean oral rate of 43 words per minute. His silent 

reading rates ranged from 30.5 words per minute to 50.5 words per minute with a mean 

rate of 40.1 words per minute. The baseline was stable for oral reading rates but showed 

an accelerating trend for silent reading rates prior to the introduction of the intervention. 

During the intervention phase of the study, Sam demonstrated oral reading 

rates that ranged from 32.8 words per minute to 53.6 words per minute with a mean rate 

of 45.7 words per minute. Silent reading rates ranged from 22.5 words per minute to 54.7 

words per minute, with a mean rate of 50.9 words per minute. 

There were five sub-phases of practice for Sara interspersed with breaks as 

follows: a four day break between sub-phases 1 and 2; a three day break between sub-

phases 2 and 3; a fifteen day break between sub-phases 3 and 4; and a three day break 

between sub-phases 4 and 5 (see Graph 4). Sam demonstrated an decrease in oral reading 

rate immediately following a break during two out of four of the sub-phases (see sessions 

11 and 13). When examining overall trends, the researcher noted gradual acceleration in 

oral reading rate over sub-phases 2, 3, and 5. Session 8 of sub-phase 2, exhibited the only 

decrease in reading rate within a phase. Data from the daily practice session which 

occurred on 4/8 was not graphed due to a change in conditions brought on by illness. In 

this session, Sam's oral reading rate dropped to 42.2 words per minute, a level almost 

equivalent to that obtained in his first session. Sam was experiencing medical problems 

and was sent to an emergency room the following day. Due to Sam's illness and an 
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intervening week-long vacation there was a lapse of fifteen days between session 12 and 

13. When practice sessions were resumed, Sam's oral reading rate had dropped to 32.8 

words per minute in Session 13, the lowest rate obtained throughout the study. In the 

remaining three sessions, a steady pattern of acceleration was demonstrated. By Session 

16, the end of the intervention phase, oral reading rate had increased to 47.4 words per 

minute. A comparison of Sam's oral reading rate in the first session of intervention with 

the last session in intervention, revealed an increase of 4.6 words per minute. This 

represented a rate 11% above his oral reading rate at the first intervention session. It is 

unknown if Sam would have eventually attained the oral rate he demonstrated in Session 

12, the session just prior to his medical emergency, had the intervention phase continued. 

Given the possible impact of the extended break on Sam's overall performance, the 

researcher also compared Sam's oral reading rate in Sessions 6 and 12. Reading rate 

improved from 42.8 words per minute at Session 6 to 53.6 words per minute in Session 

12, an increase of 10.8 words per minute. Sam's oral reading rate in Session 12 was 25% 

above his oral reading rate in the first session of intervention. 

During the first session of intervention. Session 6, Sam's silent reading rate was 

32.0 words per minute. This rate was 18.5 words per minute below the silent reading rate 

obtained in the last session of the baseline phase. Silent reading rate dropped after a break 

in two of the four sub-phases (see sessions 7 and 13). Sam's silent reading rates showed 

variability from session to session within a sub-phrase and no accelerating pattern within 

any sub-phase. By Session 16, the end of the intervention phase, silent reading rate had 

increased to 50.9 words per minute. A comparison of Sam's silent reading rate in the first 
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session of intervention with the last session in intervention, showed an increase of 18.9 

words per minute. TMs represents a silent reading rate 59% above that obtained at the 

first intervention session. 

Erin. Prior to beginning the practice intervention, baseline oral and silent 

reading rates were collected over a period of seven weeks using large print reading 

materials (see sessions 1 through 4 in Graph 5). During the baseline phase of the study, 

Erin demonstrated oral reading rates that ranged from 44.5 words per minute to 48.6 

words per minute with a mean rate of 46.8 words per minute. Her silent reading rates 

ranged from 35.8 words per minute to 40.2 words per minute with a mean rate of 38.1 

words per minute. This baseline was stable prior to the introduction of the intervention. 

During the intervention phase of the study, Erin demonstrated oral reading 

rates that ranged from 21.0 words per minute to 37.0 words per minute with a mean rate 

of 28.5 words per minute. Silent reading rates ranged from 13.8 words per minute to 26.9 

words per minute, with a mean rate of 21.5 words per minute. 

It was possible to complete only three sub-phases of intervention with Erin 

before the end of the school year. Erin did not show up for scheduled sessions, which 

delayed the initiation and completion of the baseline phase of the study and the initiation 

of the intervention phase. She missed two appointments at the beginning of the baseline 

phase of the study which postponed the collection of data by two weeks. A second 

absence during baseline extended the collection of data over a longer period of time. The 

initiation of the intervention phase of the study was delayed because Erin missed the first 

fourteen consecutively scheduled sessions. The researcher met with Erin several times to 
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discuss her attendance. When she continued not to attend, the researcher met again with 

Erin to discuss her willingness to continue with the study. Erin said she did not want to 

continue but was concerned that the researcher might be angry. She wanted more 

information as to the impact of dropping out of the study. The researcher explained that 

she would not be angry if Erin dropped out of the study and that she would need to select 

another participant. In an attempt to reduce the pressure Erin might feel, the researcher 

asked Erin to think over her willingness to participate and to share her decision with a 

mentor who would then relay Erin's decision to the researcher. Erin came back to the 

researcher a few days later and said she would continue in the study. By this time, there 

were only nine days available for scheduling intervention sessions before the end of the 

school year. Erin missed two of these sessions, once for illness and once because she had 

stayed home with her family to celebrate Memorial Day, a day in which school was in 

session. 

Oral reading rates obtained at the first session after a break were compared 

with oral reading rates obtained at the last session of the prior sub-phase. Erin 

demonstrated an increase in oral reading rate between sub-phases 1 and 2 after a four day 

break and a slight decrease in reading rate between sub-phases 2 and 3 after a three day 

break. When the oral reading rates of contiguous sessions were examined, Erin 

demonstrated a decrease in oral reading rate in sub-phase 1, variability in reading rate in 

sub-phase 2, and an increase in oral reading rate in sub-phase 3. Despite variability in oral 

reading rate when all three sub-phases were examined, there was an overall trend toward 

improvement in oral reading rate with practice. Oral reading rate increased 10.5 words 



104 

per minute from 26.5 words per minute at Session 5, the first intervention session, to 37 

words per minute at Session 12, the last intervention session. This represented a 40% 

increase over Erin's oral reading rate in the first session of intervention. However. Erin 

never achieved an oral reading rate equivalent to that achieved when reading large print 

during the baseline phase. 

Erin's silent reading rates when reading standard print with reading glasses 

did not appear to improve with practice. Her silent reading rate in the first session of 

intervention was 26.6. Only in the last two sessions did her silent reading rate exceed that 

of the first session, but the increase was negligible, 0.2 and 0.3 words per minute 

respectively. 

Reading Accuracy 

The 400 word passage probes provided measures of reading accuracy prior to 

intervention, mid-way through the intervention phase, and at the end of the intervention 

phase. For each participant, the mean accuracy scores obtained mid-way through the 

intervention phase and at the end of the intervention phase were compared with the mean 

rate obtained prior to intervention. The long term reading assessment which was 

adntiinistered at every intervention session provided information about changfes in 

participants' accuracy over the intervention phase. All three participants had high 

accuracy levels at the begiiming of the intervention phase on both instruments and 

maintained these high levels throughout intervention. 

Don. Based on the 400 word passage data, Don's mean acceptability score when 

reading standard print with reading glasses was 93% prior to intervention. Mean 
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acceptability mid-way through the intervention phase and at the end of the intervention 

phase was 94%. Don's acceptability scores on the long term reading assessment varied 

from session to session and ranged from 91.9% to 95.5% with a mean of 94%. There was 

no increase in acceptability as a result of practice. 

Sam. As measured on the 400 word passages, Sam's mean acceptability score 

when reading standard print with reading glasses was 99% prior to intervention. His mean 

acceptability score mid-way through the intervention phase and at the end of intervention 

was 98%. Sam's acceptability scores on the long term reading assessment ranged from 

97.5% to 99.4% with a mean of 98.5%. As was true for Don. Sam's acceptability levels 

varied from session to session. 

Erin. Based on the 400 word passage data, Erin's mean acceptability score when 

reading standard print with reading glasses was 98% prior to intervention and 99% at the 

end of the intervention phase. A mid-way data point was not collected as Erin's poor 

attendance severely curtailed the collection of data to eight intervention sessions. For the 

long term reading assessments, Erin's acceptability scores ranged from 96.4% to 100% 

with a mean of 98.9%. Erin scored 100% acceptability in Session 5. the first session of 

intervention. Acceptability fell to 96.4% in Session 6 and then showed a pattem of 

gradual improvement to 98.5% in Session 7, to 99.3% in Session 8, and to 100% in 

Session 9. In the next two Sessions, acceptability decreased to 99.1% in Session 10 and to 

98.1% in Session 11. Acceptability rose to 100% in Session 12, the last session. 

Reading Duration 

Through the long term reading assessment administered during the baseline and 
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intervention phases, the researcher collected daily data on the length of time participants 

were reading. The maximum amount of available reading time per session was 38 

minutes. After reading for twelve minutes, participants were encouraged to remove their 

reading glasses and to look off into the distance for a few seconds to rest their eyes. 

Participants were also instructed to notify the researcher if they felt they could not 

continue reading during a ten-minute silent interval so the timer could be stopped. As 

breaks were timed separately, reading duration represented the percentage of time 

participants spent reading. 

The researcher was also interested in the length of time participants were able to 

sustain reading without taking more than two one-minute breaks during a session. To 

answer this question, the researcher recorded the amount of time which elapsed between 

each reading interval. However, these data were not reported in this smdy. As the study 

progressed the researcher realized she was unable to determine whether breaks of more 

than one minute reflected fatigue, motivation, or the desire of the participants to interact 

with the researcher. A break was extended in one session by a third party who had an 

emergency and needed access to the testing room. 

Lidividual differences were observed among participants as to the amount of time 

they read during the baseline and intervention phases and the relationship between 

practice and duration. One participant read for the total amount of time possible in both 

the baseline and intervention phases. Another participant, who read a maximum of 26 

minutes during baseline, demonstrated variability during the intervention phase but 

increased his reading duration to 29.25 minutes in one session. The third participant read 
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for 38 minutes in each of the first three sessions of baseline. However, her reading 

duration during every session of the intervention phase was less than her shortest reading 

duration during baseline. This was the only participant whose data demonstrated a 

possible relationship between practice and duration. 

Don. Don's mean reading duration during intervention was 37.87 minutes. He 

read for thirty-eight minutes, the maximum amount of time possible, within each session 

in the baseline and intervention phases. Adjustments were made to several interval 

timings in a few of the sessions which accounts for the data representing less than the 38 

minutes he actually read (see Graph 6). Whether Don could have read for longer periods 

of time is unknown given the constraints of this study. Because Don read for the 

maximum amount of time, it was not possible to examine the relationship of practice to 

duration. 

Sam. Sam's mean reading duration during intervention was 24.20 minutes with a 

range of 13.92 to 29.3 minutes. Sam read a maximum of 29.3 minutes in Session 14. He 

demonstrated variability in the length of time he read during intervention. In 50% of the 

intervention sessions, Sam's reading duration exceeded or was equivalent to 26 minutes. 

There appeared to be no relationship between practice and reading duration. 

Erin. Erin's mean reading duration during intervention was 17.58 minutes with a 

range of 14.00 to 26.00 minutes. Her longest duration occurred in Session 8. 

Examination of Erin's data revealed a possible relationship between reading 

duration and practice. An accelerating trend was noted over the first four sessions of the 

intervention phase (see Sessions 5 through 8). Erin's reading duration gradually increased 
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from 15 minutes in Session 5 to 26 minutes in Session 8. In Sessions 9 through 12. Erin's 

reading duration decreased to 14 minutes. 

Visual Fatigue 

For the purposes of this study, visual fatigue was defined as a decrease in reading 

rate of more than 7'/2% when the last two-minute oral reading rate was compared with the 

first two-oral reading rate. 

Participants demonstrated individual differences on this measure of reading 

efficiency. Don demonstrated fatigue in only 17% of the intervention sessions while Sam 

and Erin demonstrated fatigue in 50% or more of the intervention sessions. For Sam, the 

occurrence of fatigue increased from 43% when the first seven sessions were combined to 

75% when the last four sessions were combined. Conversely, Erin's occurrence of fatigue 

diminished over the first six sessions from 100% when the first two sessions were 

combined to 25% over the last four sessions. 

Don. Given the 7'/2% criterion, Don demonstrated fatigue in two of the twelve 

intervention sessions. This occurred in the second and last sessions of the intervention 

phase. Sessions 8 and 20. Visual examination of the data did not reveal any relationship 

between practice and fatigue. 

Sam. Based on the 714% criterion, Sam demonstrated fatigue in seven out of 

twelve intervention sessions. Visual examination of the data revealed a negative 

relationship between practice and fatigue. During the first Session of intervention, Sam 

did not demonstrate fatigue. However during sub-phase 2, he experienced fatigue in two 

out of four of the sessions. In the remaining three sub-phases, Sam demonstrated fatigue 



109 

in four out of six of the sessions. 

Erin. Given the 714 % criterion, Erin experienced fatigue in four of the eight 

intervention sessions. Visual examination of the data revealed an interaction between 

duration and fatigue. During the first sub-phase of intervention, Erin experienced fatigue 

in both sessions. Sessions 5 and 6. In the second sub-phase which consisted of four 

sessions, Erin demonstrated fatigue in one of the four sessions. Session 8. After a four-

day break, she demonstrated fatigue in the first session after the break. Session 11. She 

did not demonstrate fatigue in the session which followed the next day. Session 12. There 

appeared to be no relationship between practice and fatigue. 

Research Question 2. How Many Hours of Practice Reading Standard Print with an 

Optical Device are Completed before Reading Rate Stabilizes? 

Oral reading rate stabilized for two of the participants. A stable rate was achieved 

after 6.3 hours of practice for one of the participants and after 26 minutes of practice for 

the other. 

Don 

Given the 15% criterion set for stabilization, Don's oral reading rate stabilized in 

sub-phase 5 after 6.3 hours of practice. Oral reading rates ranged from 100.3 words per 

minute to 118.1 words per minute. 100% of the data points in this sub-phase fell within 

+7.5% of the mean level. There was an absolute level change of +3.0 words per minute. 

Don's oral reading rate increased from 113.1 words per minute in Session 17, the first 

session of this phase, to 116.1 words per minute in Session 20, the last session within the 

sub-phase. Stabilization was preceded by ten intervention sessions. 
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Sam 

Given the 15% criterion, Sam's oral reading rate stabilized in sub-phase 2 of the 

intervention phase after 26 minutes of practice. 100% of the data points in this sub-phase 

fell within ±7.5% of the mean level. Oral reading rates in this sub-phases ranged from 

39.8 words per minute to 47.4 words per minute. There was an absolute level change of 

4.2 words per minute, with scores ranging from 47.8 words per minute at the first session 

of this sub-phase (Session 7) to 52.0 words per minute at the last session of this sub-phase 

(Session 10). 

Erin 

This question could not be answered as Erin's reading rate never stabilized. Given 

the 15% criterion set for stabilization, Erin's oral reading rate did not stabilize by sub-

phase 2, the only sub-phase which included enough data points on which the split-level 

method could be applied. 

Research Question 3. Will Participants Maintain Reading Rate and Reading Accuracv 

Three Weeks after Cessation of Practice Sessions? 

The 400 word passage probes provided information about participants' 

maintenance of oral reading rate and reading accuracy when reading standard print with 

reading glasses. For each participant, the mean reading rate obtained three weeks after 

cessation of the daily practice sessions was compared with the mean rate obtained at the 

end of intervention. Data were not available for Erin as she did not complete Phase III of 

the study. 

Reading accuracy was maintained if the mean acceptability score obtained three 
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weeks after cessation of practice did not depart more than +10% of the subject's 

acceptability score at the end of the intervention phase. If the mean score exceeded the 

+10% level, the researcher concluded that the subject's reading accuracy had increased. If 

the mean score was below the -10% level, the researcher concluded that reading accuracy 

had decreased. 

Of the two participants for whom data were available, one demonstrated an 

increase in oral reading rate three weeks after cessation of the study while the other 

demonstrated a decrease. Both participants maintained reading accuracy. 

Don 

Don's oral reading rate three weeks after cessation of daily practice sessions 

showed a decrease of more than 7'/2% in reading rate from the rate obtained at the end 

of intervention (see Table 7). 

Don's mean reading accuracy score was 94% at the end of intervention. He 

achieved the same mean score three weeks after cessation of practice sessions. 

Sam 

Three weeks after cessation of practice sessions, Sam's mean oral reading rate 

showed an increase of more than 7.5% over his mean oral reading rate at the end of 

intervention (see Table 7). Sam's mean reading accuracy score was 98% at the end of 

intervention. He achieved the same mean score three weeks after cessation of practice 

sessions. 

Erin 

Erin did not complete phase HI of the study, therefore no data were available to 
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Maintenance of Reading Rates Three Weeks After Cessation of Practice Sessions 
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Rates 

Changes in Reading Rates 
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End 
of 
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after 
cessation 

Rate Three Weeks 
After Cessation of 

Practice 
Criterion and Range 

II of 
practice 

Minus 
Rate at End of Phase 

II 

±7'/2% 
of end 
of 
phase II 

Range of scores 
for maintenance 

Decision 

Don 120.8 108.8 Decreased 12.0 wpm ±9.1 111.7 through 
129.9 wpm 

Rate Decreased 

Sam 36.3 47.1 Increased 10.8 wpm ±2.7 33.6 through 39.0 Rate Increased 

Erin 29.4 NA Data not available ±2.2 31.6 through 27.2 Data Not 
Available 

Table 7. Maintenance of oral reading rates. 

answer this question. 

Research Question 4. Will Participants Independently Choose to Read Standard Print 

with Their Prescribed Optical Devices after Receiving Instruction and Practice in the Use 

of the Devices? 

Upon completion of the intervention phase, the researcher gave each participant 

the glasses he or she had been using to read standard print during the intervention phase. 

The researcher asked the participants' reading teacher to provide large print, standard 

print, braille, and audiocassette versions of classroom materials but to permit each 

participant to choose the reading medium. A student enrolled in the teacher preparation 

program at the University of Arizona observed each participant in his reading class three 

times within the three week period immediately following the intervention phase. Each 

observation period was 40.25 minutes in length; each participant was observed a total of 
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120.75 minutes over the three days. So participants in the study would not suspect that the 

observer was gathering data for this study, the researcher asked the teacher to inform all 

the students in her class that the observer was completing observations required by the 

University teacher preparation program. 

Two participants completed phase three of the study. Teacher objectives 

sometimes precluded participants' opportunities to choose their reading media. For 

example, some class time was devoted to the teacher reading aloud to the students, orally 

drilling students on vocabulary, and providing braille instruction. When the participants 

were free to chose their reading media, both chose to read standard print with their 

reading glasses, although each differed in the amount of time . 

Don 

Don read during 78 % of the class period during the first observation, 85% of the 

class period during the second observation, and 34% of the class period during the third 

observation. Over the three days of observation, Don read a total of 90 minutes or 75% of 

the available class time. He chose to read standard print with his reading glasses 99.7% of 

the time he was reading. Don used standard print and his reading glasses to complete all 

but one reading task. He used his glasses when reading novels and when reading standard 

print on a computer screen. He read his own handwritten notes without his glasses during 

one fifteen second interval. 

Sam 

Sam read during 14% of the class period during the first observation, 8% of the 

class period during the second observation, and 39% of the class period during the third 
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observation. Over the three days of observation, Sam read a total of 24.5 minutes, or 20% 

of the available class time. During 14 minutes of the time he was reading. Sam did not 

have a choice of reading media; he was receiving instruction in braille or completing a 

large print worksheet from his math class. During the 10.5 minutes that Sam was able to 

select his preferred reading media, he chose to read standard print with his reading glasses 

74% of the time. He used standard print and his reading glasses to look up a word in the 

dictionary and to read and complete a worksheet. He did not use his reading glasses while 

looking up a word using a Franklin Language Master nor when checking how to braille a 

word using a standard print cheat sheet. 

Erin 

As Erin completed the intervention phase of the study the week prior to the end of 

school year, there was no opportunity to observe her choice of reading media. 

Research Question 5. Are There Differences Between Reading Rate. Reading Accuracy. 

Reading Duration, and Visual Fatigue When Participants with Low Vision Read Standard 

Print with Optical Devices and When Thev Read Large Print? 

Reading Rate 

Two sources of data were examined when comparing the reading rates achieved 

by participants when reading large print and when reading standard print with their 

reading glasses. These included the probes and the Long Term Reading Assessment. Both 

were administered in large print and standard print at three times during the intervention 

phase, and once at the end of the maintenance phase of the study. The probes provided 

information on oral reading. The Long Term Reading Assessment provided information 



115 

on oral and silent reading. 

400 word passage probes, oral reading. Mean oral reading rates when reading 

large print and when reading standard print with reading glasses were compared at post-

intervention and maintenance probes. At the post-intervention probe, one participant read 

faster with standard print, one read faster with large print, and one read at the same rate. 

Two participants completed the maintenance phase. For one participant, oral reading rate 

when reading with standard print and optical devices decreased to a rate equivalent to 

large print; the other participant's reading rate when reading standard print with an optical 

device increased over his post intervention rate but was still slower than when reading 

large print. In summary, there was no advantage for large print over standard, print for two 

of the participants. 

Don. Prior to intervention, Don's mean oral reading rate for large print and 

for standard print with reading glasses was almost equivalent (see Table 8). At mid 

intervention, his reading rate for large print exceeded that for standard print by nine words 

per minute. By the end of the intervention phase, this had reversed. Don's reading rate 

when reading standard print with reading glasses was 11.8 words per minute faster than 

when reading large print. Three weeks after cessation of the practice sessions, Don's 

mean oral reading rates when reading large print and standard print with his reading 

glasses were almost equivalent. 

Sam. At the beginning of the intervention phase, Sam's mean oral reading 

rate when reading large print was approximately three words per minute slower than 

when reading standard print with his reading glasses (see Table 9). At mid intervention. 
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DON 
MEAN ORAL READING RATE FOR -'400" WORD PASSAGE PROBES 

PHASE 

READING RATE IN WPM 

PHASE Large Print Standard Print with 
Reading Glasses 

Il-Prior to Intervention 94.0 97.2 

II-Mid Intervention 123.6 114.39 

II-End of Intervention 109.0 120.8 

3 weeks after cessation of intervention 108.2 108.8 

Table 8. Mean oral reading rate for probes-Don. 

his mean oral reading rate for large print exceeded his mean oral reading rate for standard 

print with reading glasses by 6.3 words per minute. At the end of the intervention phase, a 

larger gap between the two media was evident. Sam's oral reading rate for large print was 

17.0 words per minute faster than when reading standard print with his reading glasses. 

At the end of the maintenance phase, Sam's mean oral reading rate for large print 

continued to exceed the mean oral reading rate for standard print with reading glasses 

although the gap had narrowed to a difference of 10.3 words per minute. 

SAM 
MEAN ORAL READING RATE FOR "400" WORD PASSAGE PROBES 

PHASE 

READING Rate IN WPM 

PHASE Large Print Standard Print with 
Reading Glasses 

Il-Prior to Intervention 50.1 53.0 

II-Mid Intervention 50.9 44.6 

II-End of Intervention 53.3 36.3 

3 weeks after cessation of intervention 57.4 47.1 

Table 9. Mean oral reading rate for probes-Sam. 

Erin. Erin did not complete the maintenance phase of the study. Prior to 
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intervention her mean oral reading rate for large print exceeded that of standard print by 

almost 12 words per minute (see Table 10). Because of a limited number of intervention 

sessions, the researcher chose not to administer the probes at midway through 

intervention. By the end of the intervention phase, Erin's mean oral reading rates for large 

print and standard print were almost equivalent. It was not possible to compare 

performance at the end of the maintenance phase as Erin did not complete this part of the 

study. 

ERIN 
ORAL READING RATE FOR "400" WORD PASSAGE PROBES 

PHASE 

READING Rate IN WPM 

PHASE Large Print Standard Print with 
Reading Glasses 

Il-Prior to Intervention 37.6 25.8 

II-Mid Intervention Not Administered Not Administered 

II-End of Intervention 29.2 29.4 

3 weeks after cessation of intervention Not Administered Not Administered 

Table 10. Mean oral reading rate for probes-Erin 

Long term reading assessment, oral and silent reading. When oral and silent 

reading results for long term reading were compared between large print and standard 

print with glasses, Don and Sam read as fast or faster with standard print and glasses as 

with large print (see Table 11). However, Erin's reading rate with standard print and 

glasses was slower than with large print. 

Don. Don's mean oral and mean silent reading rates were 17 words per 

minute faster when reading standard print with glasses than when reading large print. 

Sam. Sam's mean oral reading rate was 2.4 words per minute faster when 
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reading standard print with his reading glasses than when reading large print and 5.2 

words per minute faster when reading silently. 

Erin. Erin's mean oral reading rate when reading standard print with 

glasses was 18.3 words slower than when reading large print. Her mean silent reading rate 

when reading standard print with glasses was 16.6 words per minute slower than when 

reading large print. 

MEAN ORAL AND SILENT READING RATES FOR LONG TERM READING IN WPM 

Participant 

ORAL SILENT 

Participant Phase I: Large 
Print 

Phase II; Standard 
Print with Glasses 

Phase I: Large 
Print 

Phase II: Standard 
Print with Glasses 

Don 87.2 104.9 98.4 115.6 

Sam 43.0 45.4 40.1 45.3 

Erin 46.8 28.5 38.1 21.5 

Table 11. Mean oral and silent rates for long term reading. 

Reading Accuracy 

Participants showed no appreciable difference in reading accuracy scores when 

reading standard print with optical devices and when reading large print (see Table 12). 

There were no differences in the type or frequency of miscues. 

Reading Duration 

Mean reading duration when reading large print and when reading standard print 

were compared. There were no differences in reading duration for two of the participants; 

one of the participants read for longer periods of time when reading large print. 

Don. Don read for the maximum amount of time possible in every session. His 

mean duration when reading large print was 38.00 minutes; his mean duration when 
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READING ACCURACY FOR "400" WORD PASSAGE PROBES 

Participants Don Erin Sam 

PHASE OF STUDY Large Standard Large Standard Large Standard 

Il-Prior to Intervention Phase 94% 93% 99% 98% 99% 99% 

II-Mid Intervention Phase 96% 94% NA NA 99% 98% 

II-End of Intervention Phase 95% 94% 98% 99% 99% 98% 

3 weeks after cessation of practice 92% 93% NA NA 99% 98% 

Table 12. Reading accuracy for large print and standard print with optical devices. 

reading standard print with an optical device was 37.87 minutes. During Phase II, there 

were several times when Don had to begin reading again. For example, he might have 

read for a minute and then stopped to corrmient that he thought he had already read the 

material. The researcher starting timing on the next sentence which reduced the actual 

number of minutes he was able to read during the session. 

During the interviews, Don reported that there was no difference in the length of 

time he could read large print and standard print with his optical device. 

Sam. Sam's mean reading duration was 23.75 minutes when reading large print 

and 24.20 minutes when reading standard print with his optical device. Reading duration 

showed more variability when reading standard print with optical devices than when 

reading large print. His longest duration during any of the sessions was when reading 

standard print. 

Sam stated that there was no difference between in the length of time he could 

read between large print and standard print with an optical device. 

Erin. Erin's mean reading duration when reading large print was 35.86 minutes 
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compared with 17.58 minutes when reading standard print with her optical device. Erin's 

reading duration dropped when the intervention was introduced but showed a gradual 

step-wise increase over the next three sessions. This was followed by a decrease to a 

stable duration of 14 minutes for the remainder of the intervention phase. 

She reported no differences between the two media in the length of time she could 

read. This was in conflict with the data. 

Visual Fatipue 

According to the definition of fatigue used in this study, fatigue occurred more 

frequently when students were reading standard print with optical devices than when 

reading large print. Ail of the participants described the same symptoms of fatigue 

whether reading large print or standard print. 

Don. Don did not demonstrate fatigue in any of the 6 sessions in which he read 

large print. He demonstrated fatigue in 20% (2/12) of the sessions in which he read 

standard print with an optical device. 

Sam. Sam demonstrated fatigue in 20% (1/5) of the sessions in which he read 

large print. When reading standard print with an optical device, he demonstrated fatigue 

in 55% (6/11) sessions. 

Erin. Erin did not demonstrate fatigue in any of the 4 sessions in which she read 

large print. She demonstrated fatigue in 50% (4/8) of the sessions in which she read 

standard print with an optical device. 

Interviews 

At the conclusion of the study, the researcher interviewed each of the participants 
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to gain their reflections on reading diiration, fatigue, reading media preference, and 

outcomes from participation in the study. All three participants reported increased 

duration as a result of participation in the study, a preference for reading standard print 

with their reading glasses to reading large print, and no differences in symptoms of 

fatigue between reading large print and reading standard print with their reading glasses. 

Perceived Changes in Reading Duration as a Result of Practice 

Each of the participants reported increasing the length of time they could read as a 

result of participation in the study. 

Don. Don reported that, prior to the study, he was able to read for 8 to 10 minutes 

before his eyes would tire. At the conclusion of the study, he was able to read 30 to 45 

minutes before his eyes would tire. 

Sam. Sam reported that he was able to read anywhere from 10 to 20 minutes 

before tiring prior to the study and that the amount of time he could read varied from day 

to day. He said that he was able to read "a great deal" longer at the conclusion of the 

study, anywhere from 30 to 40 minutes before tiring. 

Erin. Erin stated she was able to read for 10 to 15 minutes before tiring prior to 

the initiation of the study. At the conclusion of the study, she atated she was able to read 

for periods of up to twenty minutes. 

Perceived Changes in Visual Fatigue as a Result of Intervention 

All three participants reported various symptoms of fatigue. They reported no 

differences in these symptoms when reading large print or when reading standard print 

with their reading glasses. Although all three students reported being able to read for 
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longer periods of time at the conclusion of the study, they stated that when they had to 

stop reading it was because of the same symptoms they experienced when reading for 

shorter periods of time. 

Don. Don described his eyes as "tight" or as feeling ".. .tired, like it's heavy 

inside". When asked if he ever experienced any of the symptoms listed on the fatigue 

checklist, he stated that he sometimes experienced headaches. 

Sam. Sam said that when he experienced fatigue his eyes felt strained and he 

wanted to go to sleep. When asked if he ever experienced any of the symptoms listed on 

the fatigue checklist, he said that he infrequently experienced headaches. He said he 

blinks his eyes, brings the reading material closer, and rubs his eyes. He stated that his 

eyes water but not while reading. When his eyes tire, he has difficulty distinguishing 

letters whether the print is large or small. 

Erin. Erin said that her eyes hurt and became sore or watery. When tired, she 

stated that her blind spot appears to expand. When asked if she ever experienced any of 

the symptoms listed on the fatigue checklist, she stated that she infrequently experienced 

headaches, brow-aches, and pulling of her eyes. She reported rubbing her eyes, and 

bringing the reading material closer. Throughout the study, Erin fell asleep while reading 

silently. She told the researcher that she fell asleep anytime she read regardless of the 

reading media: braille, cassette tapes, large print, or standard print with reading glasses. 

Expressed Preference for Reading Media 

All participants expressed preference for reading standard print with reading 

glasses to reading large print for most reading tasks. However, when given a hypothetical 
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situation of completing college placement tests, two of the participants chose media other 

than standard print. 

Don. Don expressed a preference for accessing materials through standard print 

with his reading glasses over large print. He commented that using his glasses to read 

standard print was comparable to reading large print without his reading glasses. When 

asked if there were any situations in which he would prefer large print, he replied if he 

forgot his reading glasses. During the interview, Don mentioned that he is plarming on 

attending a junior college on a part time basis during his senior year of high school. He 

stated that he would request standard print books. He recently completed his placement 

exams for junior college in large print format. When asked why he chose this format 

given his preference for standard print, Don stated that he was not given a choice as to 

format. Asked what he would have chosen had he been given the opportunity, Don 

replied that he would have asked for large print "because it's a test" despite his belief that 

he reads better with standard print and his reading glasses. 

Sam. Sam stated he would prefer reading standard print with his reading glasses to 

reading large print in all circumstances in which he was required to read. He would prefer 

large print only when he forgot his reading glasses. Sam stated the following reasons he 

preferred standard print over large print: (I) it's easier to carry with you, (2) people won't 

think that you're unable to see, and (3) it's easier to read standard print letters than large 

print letters. Sam responded to the hypothetical question regarding his preference for 

reading media for completing college placement exams by emphatically stating he 

couldn't answer the question as he had no plans to attend college. When asked what 
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reading media he would request if completing an exam for employment, he expressed a 

preference for taking the test using a reader. His second preference was standard print 

with his reading glasses. 

Erin. Erin indicated a preference for reading standard print with her reading 

glasses over reading large print. She said it was easier to pick up a standard print book 

than a large print book. When asked her preference if taking college placement exams, 

Erin stated she would prefer reading standard print with her reading glasses or with a 

closed circuit television over reading large print. Asked her preference between reading 

standard print with her reading glasses or a closed circuit television, Erin stated she 

would choose the closed circuit television because she preferred reading white letters on a 

black background. A closed circuit television is a electronic magnification device which 

allows the reader to change foreground and background colors. 

Other Reflections of the Participants 

Don reported that he had learned to read faster as a result of his participation in 

the study. Erin said that she had learned more about her reading level through 

participation in the study. 
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CHAPTERS 

SUMMARY, DISCUSSION, AND IMPLICATIONS 

Summary and Findings 

This descriptive study examined the effects of practice on the reading efficiency 

of three high school students with low vision who attended a center based school for 

students with blindness and visual impairment. The participants had stable eye conditions 

with best corrected visual acuities of 20/100 to 20/240, were of average intelligence, had 

independent reading levels at fourth grade or above, and had no other disabilities. All 

used large print materials as their primary reading medium prior to the initiation of the 

study. 

To explore the effects of practice, a multiple baseline single-subject design was 

utilized. The reading intervention consisted of three major phases: baseline; intervention 

(divided into sub-phases); and maintenance. During the baseline and intervention phases, 

students read novels which they had chosen from those selected by the researcher as 

appropriate for each participant's independent reading level and expressed interests. At 

the end of each session, the researcher recorded participants' retellings of the part of the 

book they had read that day. At the beginning of the next session, participants listened to 

their retelling of the previous session. The researcher used a photocopier to reproduce 

reading material in large print and standard print formats. The participants read large print 

materials during the baseline phase; they read standard print materials with their optical 

devices during the intervention phase of the study. Probes were conducted in large print 

and standard print formats throughout the study. 
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The results of this study demonstrated individual differences among participants 

in the effects of practice on reading rate, reading accuracy, reading duration and visual 

fatigue when reading standard print with optical devices. A pattern of accelerating oral 

reading rates was associated with daily practice sessions for ail participants. Two 

participants demonstrated increases in their silent reading rates. Reading accuracy 

remained high and stable over the course of the study. Results revealed an overall 

advantage for reading standard print with reading glasses for one participant,, no 

advantage for reading large print for the second, and an advantage for reading large print 

for the third. 

This chapter includes a discussion of the findings, limitations of the study, 

implications for future research and for educators, and concluding remarks. 

Discussion of the Findings 

Five research questions guided this study. Each was addressed separately. 

Effects of Practice on Reading Rate. Reading Accuracv. Reading Duration and Visual 

Fatigue when Participants Read Standard Print with Optical Devides 

The first research question addressed was: Does practice in reading standard print 

with a prescribed optical device result in changes in the following measures of reading 

efficiency: reading fluency, reading accuracy, reading duration, and visual fatigue? 

The first objective of the study was to investigate the effects of practice on the 

reading rate (words per minute), reading accuracy (percentage of words read correctly), 

duration (the total length of time a participant read during an intervention session), and 

visual fatigue (a reading rate in the last oral interval of a session which was less than 
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92.5% of the reading rate in the first oral interval) of participants when reading standard 

print with optical devices prescribed by a low vision optometrist. There were individual 

differences between the participants in the effects of practice on these measures. All of 

the participants demonstrated increases in their oral reading rates and two demonstrated 

increases in their silent reading rates. There was ao effect on reading accuracy. Reading 

accuracy remained at a high and stable level throughout intervention for all three 

participants. One participant demonstrated an increase in reading duration over the first 

half of intervention although this increase was not maintained. No increases in reading 

duration were demonstrated for the other two participants; one of these participants read 

for the maximum amount of time possible throughout intervention. In contrast with the 

data, all three subjects reported that an outcome of participation in the study was an 

increase in the length of time they could read before experiencing fatigue. One participant 

demonstrated a decrease in visual fatigue. 

Reading Rate 

Daily practice reading standard print with prescribed reading glasses had a 

positive effect on oral reading rate. Visual examination of the intervention phase of the 

long term reading assessment graphs for Don and Sam showed a consistent pattern of 

gradually increasing oral reading rates firom the first to the last session in each 

intervention sub-phase. After each break, Don's and Sam's reading rate dropped below 

their reading rate in the session immediately preceding the break. Erin's graph did not 

show this pattern. Her oral reading rate rose and fell slightly fi-om session to session and 

there was no pattern of a decrease in reading rate after a break. Erin's slow reading rate 
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may have been a function of her central field loss or a flmction of motivation. Previous 

research (Legge et ai., 1988; Krischer & Meissen, 1983) indicates that eye conditions 

which result in defects in the central field have the strongest effect in reducing reading 

rate. Although Erin did not demonstrate the same pattern as Don and Sam, her oral 

reading rate showed an accelerating trend over the intervention phase. Additional practice 

sessions would have provided a clearer picture of the effect of practice on Erin's oral 

reading rate. Unfortunately, Erin participated in only eight intervention sessions. Her 

failure to show up for scheduled appointments postponed the initiation of the intervention 

phase, which could not be extended because the school year ended. 

The finding that practice had a positive effect on reading rate was supported by 

data firom the 400 word passage probes for Don and Erin, but not for Sam. The probes 

were administered prior to the initiation of the intervention phase, midway through the 

intervention phase and following the last session of the intervention phase. Don and Erin 

demonstrated gradual increases in oral reading rate over the intervention phase. Sam, 

however, demonstrated a gradual decrease in oral reading rate over the intervention 

phase. During the administration of the 400 word passage probes, Sam would comment 

after reading a passage that he "didn't get it". The researcher compared Sam's 

comprehension scores and his reading fluency scores and noted an inverse relationship. 

Sam's fastest oral reading rate and lowest comprehension score occurred at the probe 

prior to intervention. His slowest oral reading rate and highest comprehension score 

occurred at the post intervention probe. Midway through intervention, his oral reading 

rate and comprehension scores were between those achieved on the pre-intervention and 
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post intervention probes. Sam appeared to be adjusting his reading rate to meet the 

demands of the reading task. (Carver, 1990). Although the Fry and Flesch-Kincaid 

readability scores of the probes were one grade level below Sam's independent reading 

level, the passages were taken from non-contemporarj' literature. For example, some of 

the passages Sam read included: Three Without. Doubled by Ring Lardner; Lord Jim by 

Joseph Conrad; and The Awakening by Kate Chopin. The syntax and vocabulary of these 

passages was different from the contemporary novel that Sam read during the long term 

reading assessment, and these passages did not match Sam's preferred reading interests. 

Although daily practice had a positive effect on oral reading rate when reading 

standard print with optical devices for all the of participants, the effect on silent reading 

rate differed among the participants. Each participant demonstrated more variability in 

silent reading rate during the sub-phases of the intervention phase than was observed for 

oral reading rate. Don showed an improvement in silent reading rate with practice, Sam 

showed a very slight improvement, and Erin showed no improvement. Don was the only 

participant whose silent reading rate decreased consistently after a break. 

Reading Accuracv 

Reading accuracy remained at high and stable levels for all three participants 

throughout the intervention phase. There was a small amount of variability from session 

to session. The high accuracy rates and stability of rates throughout the intervention phase 

of the study may indicate that the reading material which was selected was at the 

student's independent reading level. 

The types of miscues made by each participant were analyzed. Don, the fastest 
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reader, had the lowest accuracy rate. Although Don's accuracy percentage was below the 

98% level usually associated with an independent reading level (Leslie «& Caldwell, 

1995), he demonstrated good comprehension of both types of reading materials used in 

this study. When Don's unacceptable miscues were analyzed, difficulties in the three 

language cueing systems (Goodman, 1976) were evident: (1) some miscues were not 

appropriate syntactically and grammatically, (2) some miscues were not appropriate 

semantically, and (3) some demonstrated a lack of knowledge of sound-symbol 

(graphophonemic) relationships. Syntactic and grammatically unacceptable miscues 

included additions or deletions of endings (e.g. ".. .what he call" for "what he called"; 

"the stitches cut" for "the stitched cut"; "could" for "couldn't", "were" for "weren't", 

"did" for "didn't"). Miscues which were not appropriate semantically included the 

substitution of pronouns (e.g. "he" for "she", "hers" for "his"). Although these miscues 

were unacceptable, when the researcher later checked with Don, she discovered that they 

did not interfere with his comprehension. The researcher suspected that these miscues 

might reflect differences between the grammar and syntax of Navajo and English and 

asked Don how to translate two sentences into Navajo. The second sentence included a 

pronoun which referred back to a proper noun in the first sentence. After translating the 

sentences, Don explained that he had expressed the English pronoun "she" as "that girl 

over there". Don stated that his first language was Navajo and he did not begin to leam 

English until he entered first grade. He said that he was aware that there were many 

English words he did not know and wanted to work on his vocabulary since he was 

planning on going on to college. The researcher noted that Don's method of dealing with 
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words that he did not recognize automatically was to use initial letters for word attack. 

Frequently the "word" he substituted for the word in the text was a non-word. Don has 

oculocutaneous albinism with associated nystagmus. The reading difficulties he 

experienced appear to be due to the fact that English is a second language and that further 

instruction was needed in sound to symbol relationships. Despite these challenges, Don 

demonstrated good comprehension of the novels he read through accurate and detailed 

retellings. 

Sam's reading was characterized by long pauses between phrases and many 

repetitions. Sam frequently repeated one or two words before moving on to the rest of the 

sentence. (For example, he read the text "He forced his numb fingers to the controls and 

sent his ship into Overlight" as "He forced ... he forced his ... he forced his numb 

fingers to the ... to the controls, and sent... and sent his ship into Overlight.") Other 

repetitions were associated with self-correction of miscues. His acceptable miscues were 

appropriate syntactically and semantically and were frequently graphophonemically close 

to the original word. (For example, he read the text.. examining in his screen the 

glinting speck ..." as "... examining in his screen the ... the gleaming ... the glinting .. 

. the glinting speck . .."). Several times during the study Sam skipped an entire line of 

print. He would go back to the line he had read, repeat a phrase at the end of the line, and 

then read the omitted line. Sam made very few unacceptable miscues. The researcher 

believes that Sam was not aware he had made these miscues because they were 

syntactically and semantically acceptable. Examples of uncorrected miscues were 

"damaged" for 'Hmdamaged", "residual for "residue", and "when" for "them". 
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Sam has an eye condition of optic atrophy. Dxiring his clinical low vision 

examination, the low vision optometrist noted a visual field loss nasally in both eyes. 

When doing close work such as reading, Sam alternated back and forth between the right 

and left eye. An explanation for the high number of repetitions, halting reading, and self-

corrected miscues might be that when Sam converges his eyes to read print, the bi-nasal 

field loss obscures parts of the letters. If Sam were using both of his eyes together, he 

might be able to decode the beginning and ending of the word he was reading but not the 

letters in the middle. For example, if he were trying to read the word "establish", he might 

only be able to see the "es" at the begiiming of the word and the "sh" at the end of the 

word. However, Sam is unable to use both eyes at the same time and alternates between 

the right and left eye. When he focuses with his left eye, he is reading into his blind spot 

as he tracks along the line of print. If he is reading with the left eye, one would expect 

miscues that are graphophonemically similar to the first letters in the word. These types 

of substitutions were exhibited by Sam (e.g. "residual" for "residue", "recorded" for 

"restored", and "gleaming" for "glinting".) When he reads with his right eye. one would 

expect miscues that are graphophonemically similar to the last letters in the word and 

problems locating the next line of print as he moves his eye to the left into his blind spot. 

Analysis of his miscues revealed these patterns as well. For example, he substituted 

"damaged" for "undamaged" and left out an entire line of print. To compensate, Sam may 

be repeating words as he switches back and forth between the two eyes or moves his 

"blind spot" out of the way so that he can see the next word. Despite his visual 

challenges, Sam is a proficient reader. He makes excellent use of all three language 
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cueing systems, maintaining high accuracy and comprehension rates. When reading 

material which is more difficult conceptually, Sam gears down his reading rate to increase 

comprehension. 

Erin's reading was more fluid than Sam's in that she did not pause for long 

periods of time between words and phrases. Like Sam, reading was characterized by high 

accuracy levels and frequent repetitions of words and phrases. While reading, Erin 

repeated words and phrases she had initially read correctly and repeated phrases when 

self-correcting miscues. The following sentence shows examples of both types of 

correction; in this sentence, Erin self-corrected her miscue of "this" for "his". For the text 

"My father talked over his coffee about how dry it had been, but how typical that was for 

June, the driest month of the year", Erin read "My father talked over this ... over his 

coffee about how dry ... about how dry it had been, but how typical... but how typical 

that was for June, the driest month of the ,.. the year." The few unacceptable miscues 

made by Erin were due to unfamiliar vocabulary (e.g. the substitution of "cashew" for 

"cushaw"). Many of Erin's miscues were substitutions of words which fit with the 

beginning of the sentence syntactically and semantically. Most of her miscues were 

graphophonemically similar to the beginning of the word in the text. For example, she 

substituted "here" for "there", "this" for "his", "the" for three", and "surprise" for 

"supposed". A few of her substitutions were similar to the ending of the word in the text 

(e.g. "thinking" for "shaking"). Erin corrected these miscues as soon as she had read 

further into the sentence and realized that the word she had substituted was not 

syntactically or semantically appropriate. (For example, for "I was shaking all over ..." 
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Erin read "I was thinking ail over... I was shaking all over..."). Erin has Stargardt's 

Disease, an eye condition which results in a central field loss. She is unable to use the part 

of the eye that provides sharp detail vision. To see, she uses eccentric fixation. This 

means she turns her head or eye so that the print is focused on another part of the retina. 

She is able to read by enlarging the image on the retina, either by bringing her reading 

material closer, or by using optical devices such as reading glasses. From an analysis of 

Erin's miscues, it appears that she has chosen an eccentric fixation which places her blind 

spot to the right. This accounts for the large number of substitutions in which there was 

graphophonemic similarity with the first part of the word. Although Erin's reading rate is 

slow, she is a proficient reader. Her accuracy and comprehension are high. Erin's reading 

rate might be increased if she could leam to place her blind spot above or below the line 

of print she is reading, or to the left. Techniques for establishing an eccentric viewing 

position for reading have been developed for adults with macular degeneration (Wright & 

Watson, 1995). Her rate might not improve with this intervention. Research studies 

indicate that individuals with central field losses have reduced reading rates (Legge et al., 

1988; Krischer& Meissen, 1983). 

Reading Duration 

Although one participant showed an increase in duration with practice reading 

standard print with her reading glasses over the first four sessions of intervention, no 

overall practice effect was demonstrated for duration for any of the three subjects. The 

constraints of this study limited total duration to thirty-eight minutes. Had the participants 

been able to read for periods of time longer than thirty-eight minutes, Don might have 



135 

demonstrated an increase in duration over the intervention phase of the study. Although 

Sam demonstrated variability in the length of time he was able to read, his longest 

duration was achieved during the intervention phase. Erin was the only participant whose 

data demonstrated a possible practice effect. Because her duration fell off sharply after 

session 8 and remained constant throughout the rest of the study, the researcher wondered 

if her performance was affected by a lack of motivation to read or interest in the book. 

Interviews with Erin and her teacher confirmed a long standing disinterest in reading 

which was present before Erin experienced a decrease in visual acuity. Erin reported 

falling asleep whenever she reads regardless of the medium: large print, braille, or 

recorded books. Stimulation of other sensory channels while reading (e.g. chewing gum, 

listening to music, sitting in a rocking chair) might have helped Erin stay alert. Erin and 

her teacher reported that she was enjoying the book. 

Two of the participants reported an increase in the length of time they could read 

standard print with their reading glasses. These self-reports appear to be in contrast to the 

data; however, they may reflect the participants' experiences outside of the research 

environment or the external motivation provided by the research study which encouraged 

students to read for periods of time longer than those to which they are normally 

accustomed. Don reported reading for periods of 45 minutes when completing his 

homework and Sam reported spending long periods of time reading on the internet. Data 

from classroom observations demonstrated that participants spent a limited amount of 

time in continuous reading. Participation in the study might have given the participants 

their first opportunity to stretch their reading durations and information about the length 
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of time they could comfortably read. 

Visual Fatigue 

There were individual differences over the intervention phase in the occurrence of 

fatigue when participants read standard print with their reading glasses. Occurrences of 

fatigue showed no change for Don over the intervention phase, increased for Sam, and 

decreased for Erin. For Sam, there was no relationship between the length of time he read 

and the occurrence of fatigue. Erin's decrease in fatigue might have been related to her 

decrease in duration. 

The participants shared information with the researcher as to their experiences of 

fatigue while reading standard print with their reading glasses. This happened within the 

intervention sessions when participants communicated that they could not continue 

reading. Don never reported any symptoms of fatigue during the intervention phase. Sam 

and Erin read for shorter periods of time than Don, terminating the reading sessions with 

reports that they were unable to continue because they were feeling sleepy. During one 

session, Sam expressed concem that he would get a massive headache from reading too 

much on a daily basis but never reported that this actually occurred. The researcher 

noticed that Sam would blink and press on his eyes. Erin did not exhibit any behaviors 

other than laying her head on her desk. These findings will be discussed under the section 

below entitled "Differences in Reading Fluency Between Reading Large Print and 

Standard Print". 

Number of Hours of Practice Completed before Reading Rate Stabilized when 

Participants Read Standard Print with Optical Devices 
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The second research question was: How many hours of practice reading standard 

print with an optical device are completed before reading rate stabilizes? 

The results indicated individxial differences for the three participants. Oral reading 

rate stabilized for Don in the last sub-phase of intervention after 6.30 hours of practice 

and for Sam in the second sub-phase of intervention after 26 minutes of practice. Oral 

reading rate did not stabilize for Erin. These results should be interpreted with caution. 

When the research project was plarmed, the researcher had expected each of the subjects 

to complete four sessions of intervention each week followed by a three day break. This 

schedule did not occur for any of the subjects. Using Don as an example, the number of 

sessions in each phase were: 1 session in sub-phase one, 4 sessions in sub-phase two, 2 

sessions in sub-phase three, 3 sessions in sub-phase four, and 4 sessions in sub-phase 

five. The researcher caimot predict how many hours of practice would have resulted in a 

stable oral reading rate if Don had practiced reading standard print with his reading 

glasses four days each week as planned, or had another schedule of practice sessions been 

employed. The researcher can only say that given this schedule of sessions and 

intervening breaks between sessions, Don reached stabilization after 6.30 hours of 

practice. 

Sam reached level stability in sub-phase two of the intervention phase after only 

one practice session. This likely occurred because of Sam's slow reading rate. Although 

he showed improvements in reading rate which indicated a practice effect within each of 

the sub-phases, there was only a four word per minute difference between the lowest and 

highest scores within sub-phase two. 
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Erin's oral reading rate never reached stability. The researcher had to terminate 

the intervention phase of the study because of the end of the school year. 

Maintenance of Oral Reading Rate and Accuracy When Participants Read Standard Print 

vsdth Optical Devices after Practice Sessions Were Withdravm 

The third research question was: Will students maintain reading fluency and 

accuracy three weeks after cessation of practice sessions? 

Two subjects completed the maintenance phase of the study. Both maintained 

high levels of accuracy three weeks after cessation of the practice sessions. This result 

was not surprising, given that fact that no changes in reading accuracy were seen over the 

intervention phase for any of the subjects. 

Individual differences were seen for reading rate. Both participants demonstrated 

stable oral reading rates by the end of the intervention phase but showed changes in their 

oral reading rates three weeks after cessation of the practice sessions. The faster reader 

showed a decline in oral reading rate; the slower reader demonstrated an increase. The 

researcher examined data gathered from the classroom observations to see how frequently 

the students were using their reading glasses to read standard print. Although Don was 

observed reading for an average of thirty minutes during a period, eight minutes less than 

the amount of time he was read during the study, he was not reading continuously over 

this period of time. Sam used his reading glasses to read standard print for approximately 

3 minutes per class, yet demonstrated a gain in reading rate. The researcher has no 

explanation for these results. 

Use of Optical Devices bv Students when Given Choice of Reading Media 
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The fourth research question was: Will students independently choose to read 

regular size print with their prescribed optical devices after receiving instruction and 

training in the use of the device? 

Both participants who completed the maintenance phase of the study chose to read 

standard print with their reading glasses the majority of the time when large print and 

standard print were available. This finding was confirmed by three sources of data: 

observations in the classroom, informal interviews with the reading teacher, and 

interviews with the students. This was an interesting finding given the fact that the 

participants attended a special school for the blind where large print books were readily 

available and all peers were visually impaired. Both participants reported that one of the 

reasons they preferred standard print was that others would not realize that they had a 

visual impairment. Since fitting in with non-handicapped peers was not a consideration in 

their current school placement, one might assume that these students' behaviors reflected 

benefits they received firom using their glasses to access standard print other than social 

issues. Although Erin did not complete the maintenance phase of the study, she stated that 

she would prefer reading standard print with her reading glasses if given a choice between 

large print and standard print. The researcher conducted follow-up interviews with Erin 

and her teachers during the 1998-99 school year and found that Erin seldom using her 

reading glasses. Erin reported using a closed circuit television for reading assignments 

because she was able change foreground and background colors so that she could read 

white letters on a black background. Closed circuit televisions were available in every 

classroom and in her dormitory. She also said that her boyfiiend, who is also visually 
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impaired, preferred she not wear glasses. Erin is utilizing a reading medium which 

maximizes her comfort and performance. Her oral reading rate with a closed circuit 

television is 98 words per minute compared with 29 words per minute when reading 

standard print with her reading glasses. Don and Erin, on the other hand, both reported in 

their interviews that reading standard print with their reading glasses was similar to 

reading large print. Since large print did not provide more comfort or efficiency, both 

students preferred standard print. 

Differences in Reading Efficiencv When Participants Read Large Print and When Thev 

Read Standard Print with Optical Devices 

The fifth research questions was: Is there a difference between reading fluency, 

reading accuracy, reading duration, and visual fatigue when students with low vision read 

standard print with optical devices and when they read large print? 

There was no advantage of large print over standard print on measures of reading 

accuracy. This result is in agreement with the Eakin & McFarland (1960) study but in 

conflict with the conclusion of Morris (1973) who found better accuracy with large print. 

For one participant, there was an advantage for reading large print over standard print on 

measures of oral and silent reading rate, reading duration, and reading fatigue; for two 

participants there was no advantage for reading large print on reading rate and reading 

duration. These findings are congruent with previous studies. Results of previous research 

(Legge, Rubin et al., 1985) demonstrated the deleterious impact of central field defects on 

reading rate. The one participant who performed better with large print had a central field 

defect. Neither of the other participants, who demonstrated performance with standard 
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print equal to or better than large print, had a central field defect. These results were 

congruent with a previous study which concluded that there were no benefits for large 

print when standard print could be accessed through the use of optical devices (Sloan & 

Habel. 1973). Two of the participants demonstrated more occurrences of visual fatigue 

when reading standard print with their optical devices than when reading large print. In an 

1971 study, Sykes reported that subjects experienced more visual fatigue when reading 

standard print with optical devices if their visual acuity was greater than 20/200. The 

participants in this study who demonstrated more occurrences of fatigue when reading 

standard print with their optical devices had visual acuities of 20/160 and 20/240. The 

participant who showed no difference in visual fatigue between large print and standard 

print formats had a visual acuity of 20/100. 

Regardless of performance, every participant indicated they preferred reading 

standard print with their reading glasses to reading large print. Their reasons for 

preferring to access standard print with their reading glasses included (a) availability of 

materials in standard print, (b) portability of materials, and (c) the lack of attention 

standardized print would draw to them when around people who were not aware of their 

visual impairment. The participant who performed better with large print indicated a 

preference for standard print. Sykes noted in a 1971 study that student preferences are not 

always related to performance. 

Limitations of the Study 

Although this study provided new information about the effects of practice on 

reading efficiency when reading standard print with reading glasses, several factors 
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should be considered when interpreting the results. 

1. First, this study was designed to gather in-depth information using a single-subject 

approach. Therefore, the results cannot be generalized to other students based on 

acuity, etiology, or any other variable. Replication of this research with additional 

subjects would provide a clearer picture of the effectiveness of the intervention. 

These three participants should not be considered to represent the visually 

impaired population as a whole. All were enrolled in a center based program, a 

placement considered to be one of the more restrictive placement options upon the 

continuum of placements. Students with low vision enrolled in public school 

programs may demonstrate different independent reading levels, reading rates, 

reading accuracy scores, reading durations, and visual fatigue. 

2. This study did not provide information as to the effects of practice on the reading 

efficiency of students with low vision when reading expository text, a type of 

material frequently encountered by students in school. The study did not provide 

information as to the effects of practice on the reading efficiency of students with 

low vision when reading materials at their instructional or fhistration levels. 

3. Although efforts were made to understand participants' perspectives and to cross­

check findings among several sources, the qualitative data gathered during this 

study was filtered through the world view of the researcher. There may have been 

other ways of understanding and interpreting the participants' voices and 

perspectives. 

4. Although the researcher attempted to explore the generalization effects of 
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intervention by having participants read narrative probe passages which were at or 

below the participants' independent reading level, participants' comprehension 

scores indicated that these passages were not of equal complexity. The 

administration of additional passages at each probe interval when participants 

achieved a comprehension score of less than 90%, would have allowed the 

researcher to compare participants' performance between passages which were 

more similar in complexity. 

5. In the implementation of the research project, none of the participants attended all 

of the weekly practice sessions which had been scheduled. Different results may 

have be demonstrated given a different schedule of practice sessions and breaks. 

The effects of more frequent or less frequent practice is unknown. 

6. Changes in the implementation of the proposed study occurred because the study 

had to be concluded prior to the participants' summer break. The baseline, 

intervention, and maintenance phases of the study took place over a relatively 

short period of time (4 months) but required more time than the researcher had 

expected. One of the subjects met the criterion for stability prior to the initiation 

of the maintenance phase but had not met the duration criterion of twenty-six 

minutes before the maintenance phase was initiated. For another, the maintenance 

phase was not initiated due to problems with attendance. So that post intervention 

probe data could be gathered before the summer break, the intervention phase was 

ended before the participant had met the criteria. Of the two participants who 

completed the maintenance phase of the study, the faster reader demonstrated a 
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decrease in reading rate. The researcher was unable to explore the impact of 

reintroducing practice sessions due to the time constraints imposed by the 

upcoming summer vacation, hiformation as to the number of hours of practice 

needed to regain his prior reading rate would have added to this study. 

Implications 

Implications for Educators 

The results of this study serve as a reminder that students must be viewed as 

individuals. Although there were similarities between participants in their responses to 

intervention, each also demonstrated unique patterns. This study underscores the 

importance of basing decisions about reading media on data gathered through an 

objective process (Caton, 1994; Koenig & Holbrook, 1993). This suggests that teachers 

incorporate scientific technology into their classrooms. Educators are encouraged to 

provide students with specific information as to their reading efficiency and involve 

students setting benchmark goals for improvement. Students should have data as to their 

reading levels (independent, instructional, and finjstration), reading fluency, reading 

accuracy, and reading duration for reading different types of materials and an 

understanding of how their performance compares with the expectations for their sighted 

peers. The procedures used during this study may assist teachers in the collection of this 

data. None of the participants in this study knew their reading rates nor reading levels 

prior to the initiation of the study but all expressed an interest in this information and in 

their improvement over the course of the study. Given the number of students in teachers' 

classes, time constraints may make it difficult for teachers to gather data, hivolvement of 
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students in data gathering and recording would involve them directly in the monitoring of 

their own progress and setting of new goals. 

Based on the positive effects of practice on students' performance when first 

introduced to reading standard print with reading glasses, the second recommendation for 

educators is to ensure that students receive instruction and sufficient opportunities and 

encouragement to practice reading with their devices before expecting them to complete 

classroom assignments. Educators should be aware that when a student first begins to use 

an optical device, reading rate may decrease. A vision specialist needs to determine that 

the student is proficient in the use of his prescribed device if it is to be used in testing 

situations. The collection of data on reading efficiency will provide educators with the 

information needed to determine the appropriate time for transitioning students into using 

standard print with their optical devices for more demanding tasks. Some students may be 

transitioned immediately if evidence indicates reading efficiency is equivalent to or above 

the current reading medium; others may need varying amounts of practice before reaching 

similar levels. So that students' attention can be focused on learning to use their optical 

devices, educators are encouraged to select texts that are appropriate to students' 

independent reading levels and interests. For students who are just starting to read with 

optical devices, daily opportunities to read materials at their independent reading levels 

may provide needed practice. This can occur within or outside the classroom. 

The third recommendation for educators is to encourage students to extend the 

length of time they can comfortably read. None of the participants in this research study 

reported greater occurrence of symptoms of fatigue or different symptoms when reading 



146 

for longer periods of time. Educators are encouraged to involve their students in setting 

individual benchmark goals for increasing the length of time they can sustain reading 

after documenting their students' baseline reading durations. Classroom observations 

indicated that students were seldom engaged in long term reading. If it is not possible to 

provide these opportunities during the school day, students can document their progress 

while completing assignments which require long term reading or while reading for 

leisure. 

Based on the participants' reading accuracy data and an examination Of the types 

of miscues made by participants, a third recommendation is that educators must become 

knowledgeable their students' linguistic backgrounds and their visual functioning if they 

are to understand students' individual pattems of miscues and plan for remediation. Two 

of the participants in this study had very high accuracy scores but made many self-

corrections. When these were examined in depth, a relationship between the types of 

miscues made by each student and each student's functional use of vision was evident. 

Conversely, it is important that educators do not assume that a student's miscues result 

firom a visual impairment and thus overlook difficulties arising from the linguistic, 

semantic, and graphophonemic cuing systems. 

A fourth recommendation is that educators continue to encourage students to 

practice reading standard print with their reading glasses after stabilization has been 

reached so that gains which have been made are maintained. 

Based on the participants' performance in this study and the results of previous 

studies, a fifth recommendation is that teachers, service providers, parents, and students 
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be educated about the growing body of research literature which demonstrates that there 

is no inherent advantage for reading large print over reading standard print with optical 

devices; in some cases it may be less efficient. In this study, two of the participants 

demonstrated no advantage for large print on reading rate, reading accuracy, and duration 

and one of the two demonstrated increased reading rate with standard print. All three 

participants expressed a preference for reading standard print regardless of their 

performance. Hopefully, a new standard will be set that students will be provided with a 

large print adaptation only when objective data demonstrates increased efficiency. It has 

been this investigator's experience that despite empirical evidence to the contrary, 

educators, service providers, parents, and students assume that the provision of large print 

will enhance performance. As a result, students have not been provided with adequate 

opportunities to access standard print with optical devices nor with the training and 

practice to develop reading efficiency with standard print. Parents may demand large print 

textbooks because they associate large print and braille with the education of students 

with visual impairments and fear that reading standard print will damage the eyes. 

Educators and parents express fears that reading standard print with optical devices will 

result in slower reading rate, more fatigue and eyestrain, and shorter reading durations, 

making it more difficult for individuals with visual impairment to perform at a level 

comparable to their peers. The educational team needs to make informed decisions as to a 

student's primary literacy medium based on objective data. The practice of providing 

large print to students without gathering objective data was so pervasive in the school 

these students attended that standard print books, other than teacher's editions, were 
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usually not available in the students' classrooms. This mind-set was also present at the 

local community college where students with low vision were not asked what format they 

preferred when taking placement tests but were routinely provided with large print. When 

educators engage in these practices, they convey to students and their parents the belief 

that there is an inherent advantage to large print materials. 

Implications for Future Research 

Although this study answered some questions about the effect of practice on 

reading efficiency when students with low vision who had previously been reading large 

print were introduced to reading standard print with reading spectacles, this study raised 

more questions than it has answered. Hopefully it will serve as a catalyst for continued 

research. 

Replication of this study across more individuals with differing visual 

impairments, reading abilities, cognitive characteristics, and interests in reading will lead 

to a better understanding of the relationship between practice and the development of 

reading efficiency with optical devices. 

An interesting extension of this research would be to explore how frequently 

students need read standard print with their optical devices and how much time they need 

to be reading to maintain reading rates. This might result in some minimal 

recommendations for reading programming for students with visual impairments. 

Further investigation into the effects of practice on increasing duration is of 

critical importance to the field. Educators and parents express concerns that students with 

visual impairments are unable to sustain reading for the length of time necessary to 
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complete assigmnents. In this study, no correlation was demonstrated between daily 

practice sessions and duration. Reading sessions were ended after thirty-eight minutes or 

when the participants indicated they could not continue. One of the subjects might have 

demonstrated changes in reading duration had there been no upper limit to the length of 

the reading session. The other two students were unenthusiastic readers; it would be 

interesting to explore whether goal setting for incremental increases, charting of progress, 

or other reinforcement would result in an ability to read for longer periods of time. 

Another area for further exploration is an in-depth analysis of the reading miscues 

of students with various tj^es of vision losses. As was evident from this study, analysis of 

the miscue patterns of two of the participants revealed a correlation with their particular 

type of visual field loss. Watson et al. (1992) have developed an assessment instrument 

for identifying the impact of a macular loss on reading accuracy in adults and strategies 

for remediation. Hopefully, further research would extend our knowledge of the potential 

impact of various types of visual conditions on reading accuracy and assist educators in 

interpreting the results of assessments and in plarming interventions. Further research 

might explore the benefits of interventions specifically designed to address the impact of 

a particular eye condition on reading fluency. 

Based on participant interviews, the researcher became aware of the influence 

teachers' beliefs may have on students' reading efficiency and confidence. If teachers 

believe that reading standard print with optical devices will result in a slower reading rate, 

problems with word identification (accuracy), a reduction reading duration, and more 

fatigue, they may not provide the encouragement and practice necessary for students to 
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develop their reading efficiency. Or, they may continue to provide large print when 

students have indicated a preference for standard print. For example, one student in this 

study who was aware that he read more efficiently with standard print and his reading 

glasses than with large print, was given a placement test in large print format. When 

asked why he did not request standard print, the student replied, "Because it was a test". 

Another interesting area for research would be to explore the relationship between the 

media provided to students, students' preferences, and the medium which results in better 

reading efficiency. If students' have an understanding as to their most efficient reading 

medium, will they advocate for that medium or accept what is provided? 

Further research comparing the oral and silent reading rates of low vision readers 

is recommended. The researcher was surprised to find that participants in this study, all of 

whom were proficient readers, read at approximately the same rate whether reading 

silently or orally. One author (Huey, 1968) stated that fluent readers read one and a half to 

twice as fast silently than orally. The literature suggests that children who read at the 

same rate orally and silently have not developed fast and accurate word recognition 

(Harris & Sipay, 1985). Are students' silent reading rates limited by their visual acuity or 

can they be taught to increase their rates through other techniques? 

Conclusion 

In conclusion, this study explored the relationship between daily practice and 

reading efficiency when students with low vision read standard print with optical devices. 

It also investigated whether participants maintained their reading rates and reading 

accuracy scores three weeks after daily practice sessions were ended and the reading 
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medium they chose within their classroom settings. Additionally, this study provided 

comparisons between participants' reading efficiency when reading large print and when 

reading standard print with optical devices. Daily practice sessions were effective for 

some measures of reading efficiency; participants demonstrated individual differences. 

All three participants demonstrated a positive relationship between practice and oral 

reading rate; two of the participants demonstrated a positive relationship between practice 

and silent reading rate; and one participant demonstrated a positive relationship between 

practice and duration over the first four sessions of intervention, after which duration 

decreased and remained at that level throughout the remainder of the intervention phase. 

Reading accuracy remained high and stable throughout the study for all three participants. 

For the two slowest readers, miscue analysis revealed a high number of repetitions and 

self-corrections which appeared related to the students' functional vision. 

One reader maintained his oral reading rate and reading accuracy three weeks after 

cessation of practice while the fastest reader showed a decrease in oral reading rate. When 

a choice of media was available, participants used their reading glasses to access standard 

print within their classrooms. 

All participants exhibited the same high level of accuracy and the same types of 

miscues whether reading large print or standard print. There were advantages for reading 

large print over standard print with optical devices in the occurrence of fatigue for all 

participants. Although fatigue appeared to occur more fi-equently when reading standard 

print with optical devices than when reading large print, all participants indicated they 

experienced the same symptoms of fatigue using both media. For participants there was 
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no advantage for reading large print over reading standard print with reading glasses on 

reading rate or reading duration. For the third participant, reading large print provided an 

advantage over reading standard print with reading glasses on the following measures: 

oral and silent reading rates, reading duration, and the occurrence of reading fatigue. 

To strengthen validity, further research replicating this work is needed. In general, 

individual differences were demonstrated by the participants, confirming the need for 

educators to gather objective data and work with other members of the educational team 

when making recommendations about a students' literacy media. Teachers are 

encouraged to share this information with their students and families and to jointly 

establish individual goals for increasing reading efficiency. 
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August 4, 1997 

(Inside Address) 

RE: (Student's Name) 

Dear (Parent or Guardian): 

As low vision specialist at the ASDB, I am interested in helping children and teenagers with low vision 
leam to use their vision more efficiently and comfortably. In the fall, I will be conducting a study entitled 
"The Effects of Practice on the Reading Rate, Accuracy, Duration, and Visual Fatigue of Students with 
Low Vision when Accessing Standard Size Print with Optical Devices." 

Only three students will be selected to participate in the study. Participants will receive: 

• A free clinical low vision evaluation by a low vision optometrist 
• Low vision devices recommended by the optometrist 
• Four SO minute periods of individaal instruction per week. 

Your child currently reads large print textbooks. However, there are times when your child might want to 
read books which are not available in large print. With optical devices such as magnifiers or special lenses, 
children and adults with low vision have found that they are able to read standard size print. It is hoped 
that your child will leam to read faster, more accurately, for longer periods of time, and with less 
fatigue as a result of instruction. 

I will explain the purpose of this study to your child during the first week of school to see if he or she is 
interested in participating. Participation is totally voluntary. Large print materials will continue to be 
available to your child in his or her classrooms. If your child wishes to participate and you agree, I will 
follow the procedures outlined on the attached page. 

You may contact me at (520) 770-3721 if you have questions. If you would like your child to participate, 
please sign and return the attached permission forms at registration or in the enclosed self addressed, pre-
stamped envelope by August 15, 1997. 

Sincerely, 

Jan Smith, MED., M.S. 
Low Vision Specialist 

cc: Dr. Lynne Albright, Principal of the School for the Blind 
Main File 
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You will be informed of the date and time of your child's appointment with the low vision 
optometrist and invited to participate. 

1. Your child will not miss any scheduled classes or extra-curricular activities if he 
or she participates in this project. You will be informed of the time of day your 
child will be receiving individual instruction. 

2. Your child will continue to have full access to large print materials in his or her 
classroom throughout this study. At no time will your child be discouraged from 
using large print. 

3. Confidentiality will be strictly maintained. I will keep information about your 
child's progress in my office at the Arizona State Schools for the Deaf and Blind. I 
will share it only with you, your son's or daughter's teachers, and your child. I will 
be video taping and tape recording each individual session of instruction only for 
my use in documenting your child's progress. 

4. I will be writing up the results of this study for my dissertation. Your child will 
not be identified by name. 

5. I do not expect any risks associated with your child learning to read using an 
optical device. However, if you or your child decides at any time that you would 
like to stop participation in this study, you can do so by contacting me. 

6. 1 expect that your child will be able to improve his or her ability to use his vision; 
however, no guarantees can be made. 
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The Effects of Practice on Reading rate, Reading Accuracy, Reading Duration, and 
Visual Fatigue of Students with Low Vision when Accessing Standard Size Print 
with Optical Devices 

I have read the attached consent letter and understand the procedures to be used in this 

study and the possible risks, inconveniences, and/or discomforts that my be involved. I 

give permission for my son or daughter to be examined by Dr. Russ Thompson, O.D. All 

of my questions have been answered. I freely and voluntarily choose to have my son or 

daughter participate. I understand that I may withdraw my child from the study at any 

time by contacting Jan Smith, Low Vision Specialist at (520) 770-3721 or Lynne 

Albright, Principal at (520) 770-5159. 

Signature of Legal Guardian Date 

Signature of Legal Guardian Date 
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Please complete the following information about yourself. Return this form to Jan Smith. 
Your participation in the study, "Effects of Practice on Reading Rate, Accuracy, Duration 
and Visual Fatigue when Accessing Standard Size Print with Optical Devices" is 
voluntary. You may withdraw from the study at any time. 

Name 

Address : 

City State Zip 

Parent/Guardian(s) Names and Phone Numbers: 

Name Relationship 
Best time to call Home Phone Work Phone 

Name Relationship 
Best time to call Home Phone Work Phone 

Birth date: / / 

Gender: Male 

Female 

Race: Anglo Asian African American 

Native American Hispanic Other 

What is the name of your eye condition? 

Have you been visually impaired since birth? Yes No 

If no, how old were you when you became visually impaired? years old 

Do you have glasses or contacts? Yes No 

If yes, check whether you wear glasses or contacts. Glasses Contacts 
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If yes, do they help you see better? Yes No 

When do you wear your glasses/contacts? 
Only for reading 
Only for looking at things in a distance 
For reading and for looking at things in a distance 

How often do you wear your glasses/contacts? 
All the time 
Most of the time 

Some of the time 
Almost never 
Never 

Please list the titles of some of your favorite books: 

If you were required to read three or four books for your English class and ydur teacher 

zillowed you to pick any book you wanted, what kinds of stories/topics would you select? 

(e.g. mysteries, stories about a specific baseball player, stories about a famous person in 

history, etc.). As I will be using your ideas to select books for you to read during the 

study, be as specific as possible. 
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Please put a check by the methods you use to read and how often you use each method. 

large print: 

never sometimes frequently most of the time 

large print with optical device (magnifier, special glasses, etc.): 

never sometimes frequently most of the time 

regular print: 

never sometimes fi-equently most of the time 

regular size print with optical device (magnifier, special glasses, etc.); 

never sometimes frequently most of the time 

braille: 

never sometimes frequently most of the time 

talking books (books on tape) 

never sometimes frequently most of the time 

ask someone to read to you 

never sometimes frequently most of the time 

1 am interested in participating in this study: 

yes 

no 

undecided 

Signature Date 
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TVlEUNIVCiSnYOF 

A^ONA. L622 E Mabel St P O Box 24^137 
2 June 1997 HEAUH SOENGES CENTtR Tucson. Anzona M5724.^| J7 (520) h26*o72( 
Janice Smich, M.S. 
c/o Jane Erin, Ph.D. 
Oeparcmenc of Special Educacion/Rehabilicacion 
PO BOX 2100S9 

RE: HSC A57.54 THE EFFECTS OF PSIACTICE ON THE READING SPEED, 
ACCnRACY, DDRATION, AND VISUAL FATIGOE OF STUDENTS WITH LOW 
VISION WHEN ACCESSING STANDARD SIZE PRINT WITH OPTICAL DEVICES 

Dear Ms. Smich: 

We received your above cited research proposal. The procedures :o 
be followed in this study pose no more Chan minimal risk cs 
parcicipacing sxibjeccs. Regulacions issued by che U.S. Deparrmenc 
of Health and Human Services [4S CFR Part 4S.110(b)I authorize 
approval of this type project through the expedited review 
procedures, with the condition(s) that subjects' anonymity be 
maintained. Although full Committee review is not required, a brief 
summary of the project procedures is submitted to the Committee for 
their endorsement and/or comment, if any. after administrative 
approval is granted. This project is approved effective 2 June 1997 
for a period of one year. 

The Human Siibjects Committee (Institutional Review Board) of the 
University of Arizona has a current assurance of compliance, number 
M-L233, wh^ch is on file with the Department of Health and Human 
Services and covers this activity. 

Approval is granted with the understanding that no further changes 
or additions will be made either to the procedures followed or to 
the consent form(s) used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee and your 
College or Departmental Review Commitcae. Any research related 
physical or psychological harm to any subject must also be reported 
to each committee. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerely yours. 

lenny, M.D 
Chairman, Human Subjects Committee 

WFD:rs 
cc: DepartmenCal/College Review Committee 



APPENDIX D 

GRAPHS 



(I) ...... 

400 Word Passage Probes 
Mean Oral Reading Rate for Standard Si~e Print and 

- Glasses 

120 

::l 100 c: ·-:E 80 
'-
(I) 

60 c. 
tn 4 o J_jlllllllllllllllll ... _l ___ llllllllllllllllll.. • I I IIIII Post -c .... 
0 

20 _I 111111111111111- I 1111111111111111- I - • I I• Maintenance 
~ 

0 
Don Sam Erin 

Graph 1. Mean oral reading rates on 400 word passage probes when reading standard print with reading glasses. , 

-0\ 
Vl 



....., 
0 
Q) 
L.. 
L.. 
0 
(.) 
....., 
c: 
Q) 
0 
L.. 
Q) 

D.. 

400 Word Passage Probes 
Mean Com prehension Score for Standard Size Print and 

_ G la~sses 

100 

80 

60 -~11111 1 1 11111 111111~-111111111111111 1 1 ... ~-lllllllll l llllllll l-• , I l lml Pre 

1111111111111111111- 111111111111111111- llllllllllllllllllll . I 11111 Mid 
40 

- 1 11111111111111-- I 111111111111111 .... I 11111111111111111 • I IIII Post 

2 0 -1- llllllllllllllllll-- l- lllllllllllllllll--1--lllllllllllllllllll- • - 1 Ill Maintenance 

0 
Don Sam Erin 

Graph 2. Mean comprehension scores on 400 word passage probes when reading standard print with reading glasses 

-0'\ 
0'\ 



Cl) ....., 
:::s 
c: ·-:!: ......... 
tn 

"'0 
'-
0 
3: 

Reading Rate: Don 
Long Term Reading 

160 I 

140 Baseline: Large Print Practice Reading Standard Print with Reading Glasses . 
1 I 2 I 3 r-1 4 I 

. . ' . I 5 
114 

120 t r.: ! r;;: -i Pi 
100 - . 1'.'.1 • tit . ., • ., . 

' 1- ... ... .. I \If 1- ;::;-- 1- T 1- f I 

80 ! - '; ... _ ;_ __ ti-l ;.·.·" -- .. ·- , .. -1- .. -1 . 1- -1 
1- , I : • • ' • fti I· : 6o -- 1- - i. - ·· 1- .. - - --t- r - · · 1- - -+ L' - --1- - ,_ 

1( ;:, : : • • i;: I : 

40 1
"': f' I,, ) : I ,· .I I• 

-- - J - 1·- - - ; - t- . - '! .. - - ··;, ' - ,,t. · -

: l'l i:l " • \J : 
I t· r! .I !· . I -·-· . ' - - f: - '.I. - ' -- --20 -·- 1-

I 

• !1;' •,"; 

_;_ ¥ .. · 1 :', •.• 
. ki 

. !): t' q -! -- t;t-• ·i:t- • j 

. 
1-+ 

• \1: 

- 1 

,_I 1--

·--k·-···-
1- · ··- a--­

..... 0 ' i2111 ' 1112 

1' 2 

..... 
1t26 

i! 

28 I W3 I 3t2 

4 5 6 

· ,, k"' • I • 

L- L- --4- -- ' j. I I I • I I. I - I - I -
3/J. 7 3;23 3;24 3;25 3;26 3/.30 3/.31 I 4/7 I 4£ I 4,.9 I 4QQ I 4;21 I 4;22 I 4;23 

F' 

3 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Session and Date 

!• Oral wpm wpm , 

Graph 3. Reading rates during Long Term Reading Assessments- Don 

...... 
0'\ 
-......) 













APPENDIX E 

INDIVIDUAL DATA FOR PARTICIPANT SELECTION 



174 

INDIVIDUAL DATA FOR PARTICIPANT SELECTION 
Collected by Researcher and Assistants 

1. PARTICIPANT ID # 
2. Date of Birth: / / 

MM/DDAT 

3. Gender: Male 
Female 

4. Ethnicity: Anglo Asian Hispanic 
Native American African American Other 

5. Gestation 

6. Birth Weight 

7. Other Handicaps in Addition to Visual Impairment: If checked, circle 1 for 
vouchered; 2 if identified but not vouchered. 

.Emotional Disability (ED) 1 2 

.Hearing Impairment I 2 

.Learning Disability 1 2 

.Mild Mental Retardation (MIMR) 1 2 

.Multiple Disabilities Severe Sensory 
Impairment (MDSSI) 1 2 

.Orthopedic Impairment (OI) 1 2 

.Other Health Impairments (OHI) 1 2 
Specific Learning Disability (SLD) I 2 
Speech/Language Impairment (SLI) 1 2 
.Traumatic Brain Injury (TBI) I 2 

Comments: 

8. Intelligence Quotient: 
1 = below 1 '/z standard deviations of the mean 
2 = within 1 Vz standard deviations of the mean 
3 = above 1 >4 standard deviations of the mean 

9. Reading level on most recently administered standardized test: 
Name of Test: Date Administered 



10. Age at which student became visually impaired 

11. Eye Condition(s) 
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12. Stability of Eye condition: 
l=Progressive 
2=Progressive, but currently stable 
3=S table 
4=Unknown 

13. Distance Visual Acuity (Ophthalmological/Optometric Report dated ) 
With Correction 

Right Eye (OD) Left Eye (OS): Both (OU): 
Without Correction 

Right Eye (OD) Left Eye (OS): Both (OU): 

14. Distance Visual Acuity as Measured on Feinbloom Chart: Date 

With Correction 
Right Eye (OD) Left Eye (OS): Both (OU): 

Without Correction 
Right Eye (OD) Left Eye (OS): Both (OU): 

Type of Correction Worn: l=None 2=GIasses 3=Contacts 

When correction should be wom: l=Full-time 2=Distance Only 3=Near only 

Prescription: Right Eye (OD) Left Eye (OS) 

15. Near Visual Acuity 
With Correction 

Right Eye (OD) Left Eye (OS): Both (OU): 
Without Correction 

Right Eye (OD) Left Eye (OS): Both (OU): 
Type of Correction Worn: I =None 2=GIasses 3=Contacts 

Prescription: Right Eye (OD) Left Eye (OS) 
Bifocal add: 



Visual Field: 
1 = Full 
2 = Central Field Loss 
3 = Peripheral Field Loss, but central field larger than 20 degrees 
4 = Peripheral Field Loss constricted to < 20 degrees 

Contrast Sensitivity: 
1 = Within Normal Limits 
2 = Reduced 

Reading Media Used in Classroom: 

1= Never 2= Sometimes 3=UsuaIly 4=Always 

Standard Size Print 
Large Print 
Optical Aid 
Reader 
Braille 
Talking Book or 

Cassette Tapes 

2 
2 
2 
2 

3 
3 
3 
3 

4 
4 
4 
4 
4 

Periods of Day Available for Participation in the Study 
8:00-8:50 
8:54-9:44 
9:48-10:38 
10:42-11:32 
12:11-1:04 
1:05-1:55 
1:59-2:49 

M 
M 
M 
M 
M 
M 
M 

T 
T 
T 
T 
T 
T 
T 

W Th 
W Th 
W Th 
W Th 
W Th 
W Th 
WTh 
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Administration and Scoring of the Informal Reading Inventory Assessment 

I. Determine starting point for passage administration. 
A. Administer word list from the informal reading inventory. To avoid 

frustration, the researcher will begin with the word list which is two years 
below the student's reading level as identified by review of school 
assessment records. 

B. The examiner will expose one word at a time using a typoscope. 
C. After each word, the examiner will immediately score the accuracy of the 

student's response on the data collection form. If the student correctly 
pronounces the word, the examiner will code the response as "C" and 
count the response as correct. If the student incorrectly pronounces the 
word, the examiner will code the response as "I" and count the response as 
incorrect. If the student indicates he or she does not know the word, the 
examiner will score the response as "D" and count the response as 
incorrect. If the student self-corrects an error, the examiner will code the 
response as "SC" and count the response as correct. 

D. Upon the completion of the entire list of twenty words, the examiner will 
add up all the correct responses, coded "C", and all the self corrected 
responses, coded "SC". If the student has scored less than 90% correct 
(fewer than 18 correct responses out of a list of 20 words), the examiner 
will administer the list at the next lower level, continuing to move down 
until the student scores 90% or above correct (18 to 20 correct responses) 
on a list. The level of this list will be used to choose the starting point for 
administration of reading passages. If the student scored 90% correct (18 
to 20 correct responses) on the initial list, the examiner will administer the 
list at the next higher level, continuing to move up until the student scores 
less than 90% correct (fewer than 18 correct responses). The highest level 
at which the student scored at least 90% will determine the starting point 
for administration of the reading passage. 

II. Administer reading passages 
A. The examiner will select a narrative passage at the student's highest 

independent reading level as determined by the administration of the word 
lists. 

B. The examiner will ask the student to read the passage orally and tape 
record the student's reading of the passage. The examiner will provide the 
following instructions to the student."! have some passages for you to 
read. I will be making some notes as you read. Because I cannot 
remember everything you say, I will also be taping you. I cannot help 
you in any way. If you come to a word you do not know, just do the 
best you can and continue on. After you have finished, I will ask you 
to tell me what you can remember about the passage just as if you 
were telling it to someone who had never heard it before. I will also 
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ask you some questions abut what you have read. Ready?" (If the 
passage has a title, the examiner will fill in the name of the title in the 
following statement). "This passage is called (If the 
informal reading inventory used does not have a title but provides an 
introductory statement to be read to the student, then the examiner will 
read the introductory information to the student, before asking them to 
begin). 

C. Check comprehension to ensure that the level of the passage read was at 
the student's independent reading level. 
1. After the student has finished reading the passage, the examiner 

will remove the passage and give the student the following 
instructions: "Now, I would like you to retell this passage. 
Imagine that you are telling it to someone who has never heard 
or read this passage before". After the student has completed the 
retelling, the examiner will say, "Is there anything else you 
would like to say about this story?" 

2. After the student has completed the retelling of the story, the 
examiner will ask the comprehension questions. 

3. The examiner will calculate the comprehension level score. If the 
student scored less than 90% (88% in the Analytical Reading 
Inventory), then the examiner will administer a passage from the 
next lower level, continuing to move down until the student 
achieves a comprehension score of at least 90% (88% in the 
Analj^ical Reading Inventory). If the student scored 90% (88% in 
the Analytical Reading Inventory) or above, the examiner will 
administer passages at the next higher level, continuing to move up 
until the student scores less than 90% (88% in the Analj^ical 
Reading Inventory) on two of the passages. The student's 
independent reading level will be recorded as the highest level at 
which the student scored 90% comprehension (88% in the 
Analytical Reading Inventory). 

III. Record Student Responses 
A. The examiner will listen to the tape recording of the session and recora the 

following data on the miscue analysis inventory sheet developed by the 
researcher for each informal reading inventory passage. 
1. Student ID and Date 
2. Reading Inventory Used, Passage and passage level 
3. Number of standard words in the passage. The researcher will 

input each passage into a computer program which calculate the 
number of words in the passage. 

4. Amount of time to complete the passage. Using a stop watch, the 
examiner will determine the amoimt of time the student took to 
complete the passage from the time the first word was read to the 
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time the last word was spoken and record this information in 
seconds on the miscue analysis inventory sheet developed by the 
researcher. 

5. Reading accuracy. The examiner will listen to the tape and record 
any deviations on the text portion of the miscue analysis inventory 
sheet developed by the researcher. Deviations which will be 
recorded include insertions, omissions, substitutions, reversals, 
repetitions, and self-corrections. An insertion will be indicated by 
placing a caret at the place in the text where the insertion occurred 
and writing the inserted word above the caret. Omitted words will 
be circled. Substitutions will be written above the word in the text. 
Repeated words will be underlined. If a student transposes two 
words or phrases, the reversal will be marked with a the reversal 
symbol. Self corrections will be marked with a "sc". 

6. Reading comprehension. The examiner score the student's 
retelling of the story and answers to the comprehension questions 
on the comprehension sheets provided in the informal reading 
inventories used. 

rV. Score Student Responses. 
A. Calculate reading rate in words per minute. The total number of words in 

the passage will be divided by the number of seconds the participant took 
to complete the oral reading of the passage. The result will be'multiplied 
by 60. Reading rate will be documented on the miscue analysis inventory 
sheet developed by the researcher. 

B. Score Reading Accuracy. For each line of the passage on the miscue 
analysis inventory sheet developed by the researcher, the examiner will 
determine the acceptability of each miscue and tally the miscue under the 
appropriate column. Acceptable miscues are those which do not change 
the meaning of the passage. Miscues which result in an ungrammatical 
sentence or result in a grammatical sentence that differs from the author's 
intended meaning are considered unacceptable. Repetitions, hesitations, 
ignoring of punctuation, and self-corrections are considered acceptable 
miscues. If a student mispronounces a proper name it will not be counted 
as a miscue unless it results in a change in the sex of the character. 
1. Calculate Total Accuracy. Count each insertion, omission, 

substitution, reversal, and self-correction as a miscue. Do not 
count repetitions, hesitations, and omission of punctuation. 
Subtract the total number of miscues from the total number of 
words in the passage and divide the remainder by the total number 
of words. Document on the miscue analysis inventory sheet 
developed by the researcher. 

2. Calculate Total Acceptability. Count only those miscues which 
change or distort passage meaning. These include insertions. 
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omissions, and substitutions. Self corrections are not counted. 
Subtract the number of unacceptable miscues from the number of 
words in the passage and divide the remainder by the total number 
of words. 
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Administration and Scoring of the Long Term Reading Assessment 

I. Select format for assessment (large print or standard size print with optical 
device). 

n. Give the following instructions to the participant: 
would like you to read the novel you have selected using (large 

print/standard print with vour optical device) for a period of thirty-eight 
minutes. I am interested in seeing how long you can read and how fluently 
you read. I wiU be asking you to read out loud for two minutes three or more 
times during the next thirty-eight minutes interspersed with two ten-minute 
periods of silent reading. 

You will start by reading out loud for two minutes. I will start a timer 
when you say the first word. When the timer beeps, I will record the last 
word you read. I want you to continue reading out loud to the end of the 
sentence and then stop. 

I will then ask you to start reading silently at the beginning of the next 
sentence. When I say start, begin reading. You will continue reading silently 
for ten minutes. When the timer beeps, I will ask you to tell me and show me 
the last word you read and then read out loud to the end of that sentence. 

At the end of every silent reading, approximately once every twelve 
minutes I will remind you to take off your reading glasses and look off into 
the distance for a few seconds. I will then ask you to read out loud for two 
minutes, silently for ten, rest your eyes for a few seconds, and repeat the 
pattern or silent and oral readings. 

I cannot help you in any way. If you come to a word you do not know, 
just do the best you can and continue on. If at any time you are unable to 
continue reading, look up from the page and rest until you are able to begin 
reading again. I will record your rest periods. 

Everyday before we start, I will remind you to use the restroom and 
take a drink of water. Because I am interested in seeing how lon^ you can 
read, we will not take any breaks during the session except for you to remove 
your glasses. There is a glass of water next to you. If you are thirsty, take a 
drink when you stop to remove your glasses for a few seconds. 

I haven't read this book yet, so after you have flnished I will ask you 
to summarize what you have read. Because I have to pay attention to the time 
and will not be able to record what you say, I will be taping this session with 
a video recorder and a tape recorder. That way, I will be able to view the 
tapes later to record the data that is being collected for this study. At the 
beginning of each session, I will play back your summary of what happened 
in the book the previous day. Do you have any questions before we begin? 

in. Conduct reading sessions 
A. Remind participant to use the restroom and get a drink of water 
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B. Assist participant in positioning materials and task lighting 
C. Replay participant's summary of previous day's reading of novel (except 

on the first day). 
D. Show participant where to begin reading. (Document begiiming words and 

page number on the Long Term Reading Assessment Recording Form next 
to Interval 1) 

E. Begin session with an oral two-minute timing 
F. At the end of two minutes, ask the participant to continue to read out loud 

to the end of the sentence. Document the word the participant was reading 
out loud when the timer beeped next to Interval I on the Long Term 
Reading Assessment Recording Form) 

G. Ask the participant to find the first word in the next sentence and to read 
silently when you say "Start". Start the timer for Interval 2, a ten-minute 
interval and record the first word(s) read by the participant and page 
number on the recording form. 

H. When the timer beeps, ask the participant to tell you (and show you if 
necessary) the last word read when the timer beeped. Document that word 
on the recording form next to Interval 2. 

I. Ask the participant to read to the end of that sentence. 
J. Ask the participant to remove reading glasses and look off into the 

distance for a few seconds and to take a drink of water (from cup sitting 
next to the participant) if thirsty. 

K. Point to the next word to be read orally and direct the participant to start a 
two-minute oral reading. Start the timer when the participant reads the first 
word following the procedure outlined in F above. 

L. Repeat the process, alternating two-minute timings with ten-minute 
timings for a maximum of thirty-eight minutes. 

M. If a participant is unable to read to the end of a timing, ask the participant 
to remove glasses and rest as described above. Record the actual number 
of seconds the participant read under the "Time" colunm on the Long 
Term Reading Assessment Recording Form. Make a note to time rest 
period if the participant rested for more than an a minute. 

N. End each session with a two-minute oral timing. 
IV. Record Data 

A. Scan the pages read by the participant into the computer and eliminate any 
words not read by the participant fi-om the document. 

B. Using the properties feature under the File drop-down menu in Corel 
WordPerfect 8 calculate the total number of words in the passage and 
record on the Long Term Reading Assessment Recording Form. Compute 
and record the Flesch-Kincaid readability of the total passage using the 
Grammatik Readability Analysis feature found under the Tools drop-down 
menu in Corel WordPerfects. 

C. Using the computer cut and paste features, prepare each interval read by 
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the participant for analysis. 
D. Using the properties feature and the Grammatik readability analysis, under 

document the number of words read during each interval and Flesch-
Kincaid readability and record on the LongTerm Reading Assessment 
Recording Form. 

E. Prepare materials for analysis of reading accuracy. Paste text of each oral 
interval onto a separate Miscue Analysis Form. 

V. Score Participant Responses 
A. Calculate words per minute. Enter data into Excel spreadsheets designed 

by researcher to calculate: oral words per minute and silent words per 
minute for intervals; mean oral words per minute and mean silent words 
per minute for the session. 

B. Calculate rpadinp accuracv and reading acceptabilitv. Listen to audio tape 
for session and record any deviations from the text on the text portion of 
the Miscue Analysis Form. Deviations which will be recorded were 
described in IV.B. of the Administration Procedures and Guidelines for 
Scoring the Informal Reading Inventory (see Appendix F). 

C. Calculate readinp duration. View videotape of session, noting any times 
when the participant stopped reading. Time each of these periods. Record 
reading duration as the length of time which elapsed from the time the 
participant read the first word in the session to any time in which the 
participant took a break of more than one minute. 

D. Calculate visual fatigue. Calculated by spreadsheet formula which 
multiplied the oral reading rate in the first oral session by 7.5%. This 
amount was then subtracted from the oral reading rate in the last session. If 
the result was a negative number, fatigue was counted as present in this 
session. A second measure of fatigue was to view the videotape of the 
session and count the occurrences of fatigue under each of the symptoms 
listed in the Visual Fatigue Checklist. 



APPENDIX H 

MISCUE ANALYSIS FORM 



Interval: 
MISC:UE ANALYSIS FORM 

Participant; Words per minute: 
Acwiracv: 

lliaiie & Media: Accq>tability; 
Text & Page Numbers: 

Coding; I = Insertion (") O - Omission ( ) S - Substitution K " Revctwl (--V^ ) 
C - Sell-coireiJian KliP - K^Mitinn (.^^ ) il - llesilaiiiiii PPunvluatian ( 

AuMptable Miscues 

TiJXT 

IMauwplable 
Miscuev 

1 O s K C RI-:P II p 
TiJXT 

I () S K 

I'oIhI Auxptabltf Misuuisi IW Pagi^ 'I'lMal I Inaixicpt«hlc Misvues I'ur Pagi« 
00 



APPENDIX I 

LONG TERM READING ASSESSMENT RECORDING FORM 



Long Term Reading Asiicsiiment Recording Form 

TeM; Partictp«al 

Staiting P«gie Number luiding Pago Number Date 

Reading Medium; Urge Print Standard Print witit Optical Device 

Interval Time 
(Min) 

Htigumuig words in passage rend and page 
number 

landing wuriii) in passage read and page 
numlKTU 

ttol' 
ctittraden 

# of 
words 

/ f o r  
HOtlcntiCK 

wpm WPM F-K Fry 

1 2 

2 10 

3 2 

4 lU 

J 2 

6 10 

7 2 

Duration 

INTKRVAl, 
ACCIiPTAIHJ; MISCUhS UNACCI'lM'/XiJUi MlSClJliS roTAl.MlSCDliS 

*<11 accuracy % acceptability 
INTKRVAl, 

1 I) S K C RliP ror 1 (> s R roi 1 0 s R c Rl'l' *<11 accuracy % acceptability 

1 

2 

5 

7 
00 vo 



APPENDIX J 

CLASSROOM OBSERVATION FORM 



CLASSROOM OBSERVATION FORM (Example) 

Participonl 

Phase 1 11 111 IV 
Observer 

Date 

Time Observation Began. 
Time Observation Ended 

Codes for Reading Medium Chosen: L = Large Print 
B = Braille 
R = Reader 

S = Standard Print 
A = Cassette Tape/Talking Book 

S/0 = Standard Print with Optical Device 
L/0 = Large Print with Optical Device 

Codes for Reading Behavior: / = Reading Behavior Present 
- - Rcadintt Behavior Not Present 

Time 
Intervul 
(iSiScc) 

Reading 
Behavior 
Present Reading Task 

Reading Mediiun Chusen l>y Student 

Coinnientii 

Time 
Intervul 
(iSiScc) 

Reading 
Behavior 
Present Reading Task I S 1) R A S/O I70 Coinnientii 

1 

2 

3 

4 

5 

6 

7 

8 

9 

e t c . . . ,  

1 6 1  
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APPENDIX K 

VISUAL FATIGUE OBSERVATION FORM AND VISUAL FATIGUE CHECKLIST 



VISUAL FATIGUE OBSERVATION FORM 

Student: ^Observor; 
Date; Phage; Media; Large Print Standard Print 

Inlrvil Nuabtr Tint Rtmnlalni Notes 

VO U) 



VISUAL FATIGUE CHECKLIST 

Purticipant; 
Observer: 

Date: 
T)'pe of Assessment: Informal Reading Inventory 

. Long Term Reading Assessment 

Codes: EB = Eye Blinking 
DD = Decrease Distance 
HA = Headache 
DV = Double Vision 

SQ = Eye Squinting 
LU = Looks Up 
EP = Eye Pain 
ES = Eye Strain 

ER = Eye Rubbing 
HD = Head Down on Desk 
BA = Brow-ache 

TR = Tearing of Eyes 
RS = Requests to Stop 
ET = Eye Twitching 

TIME 
ELAPSED 
(in minutes) 

BEHAVIORS OBSERVED SELF REPORTS TIME 
ELAPSED 
(in minutes) EB SQ ER TR DD LU HD RS HA EP BA ET DV ES 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ETC. vO 
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PARTICIPANT INTERVIEW GUIDE 
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PARTICIPANT INTERVIEW GUIDE 

Introduction: I'd like to ask you some questions about your participation in this study. 
I'm trying to leam more about reading with optical devices, such as your 
reading glasses, and about reading with large print. Your answers to these 
questions will be kept in confidence. 

1. Before you began this study, were you reading large print in your classrooms? 

2. When you were reading large print, how long were you able to read before you 
had to stop? Why did you stop? 

3. Describe how your eyes feel when they are tired. 

4. 1 looked through several research studies to find out what people reported when 
their eyes felt tired from reading. I'm going to list each one of these. Please tell 
me if you ever experience this symptom and how frequendy. 
• Eye blinking 
• Eye squinting 
• Eye rubbing 
• Tearing or watering of the eyes 

Decreasing the distance from the page to the eyes 
• Headaches 
• Eye pain 
• Brow ache 
• Double vision 
• Eye strain 
• Eye twitching 

5. Now I'm going to ask you about your experiences reading standard print with 
your optical device(s). How long were you able to read before you had to stop? 
Why did you stop? 

6. Describe how your eyes feel when they are tired. 

7. I'm going to list each one of the symptoms that some people experience when 
their eyes are tired. Please tell me if you ever experience this symptom when you 
are reading standard print with your optical device and how frequently. 
• Eye blinking 
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• Eye squinting 
• Eye rubbing 
• Tearing or watering of the eyes 
• Decreasing the distance from the page to the eyes 
• Headaches 
• Eye pain 
• Brow ache 
• Double vision 
• Eye strain 
• Eye twitching 

8. Have you noticed any differences between reading large print and reading 
standard print with your optical device(s) related to visual fatigue? 

9. Have you noticed any differences between reading large print and reading 
standard print with your optical device(s) related to how long you can read? 

10. Now that you've had the opportunity to read both large print and standard print 
with your optical device(s), do you have a preference for one or the other? Why? 
Are there any situations in which you would prefer reading large print? Tell me a 
little more about that. Are there in situations in which you would prefer reading 
standard print with your optical device(s)? Tell me a little more about that. 

11. Let's assume you want to sign up for classes at a community college and you have 
to take a placement exam to determine which English class and which math class 
you need to take. If they offered you a choice as to the format of the test, what 
would you tell them? Why? 

12. Is there anything else you wanted to share with me about your participation in this 
study? 
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