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ABSTRACT 

 

This exploratory study investigated the techniques used by teachers of the visually 

impaired when administering math questions with graphics to students with blindness or 

low vision. The researcher observed and videotaped 10 pairs of students with visual 

impairments and their teachers while the students were taking a test that consisted of 12 

graphic math items and found a wide variance existed between teachers in the 

administering of mathematical test items with graphics to their students. The most 

prevalent teacher behaviors observed were teacher initiation and graph detail description. 

For the majority of the teacher initiated responses, teachers gave information on a 

specific detail of the math graphic.  Students predominantly asked for clarification 

regarding the math graphic itself or clarification of the math problem itself.  Teachers 

used a variety of factors in determining if and when students required assistance during 

testing for large print or tactile graphics. No statistical significance was found between 

braille and large print groups with regard to teacher variation, student variation, and 

scores on test items, No relationship was found between correct answers on the test and 

teacher variation scores but a strong, positive correlation existed for total test time and 

teacher variation scores. In addition, there was no statistical significance, between the six 

math graph types used in this study. Hand movements of braille students were also 

observed, 90% of students using either both hands or mostly both hands when exploring 

the tactile graphic math problem. A horizontal movement was the primary direction 

students used when examining the tactile graphic. Recommendations were made 

regarding future research with large print and tactile graphics 
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CHAPTER 1 

INTRODUCTION 

     Testing accommodations are designed to help students with exceptional learning 

needs participate in statewide assessments.  Historically, the trend for officials in school 

districts around the country has been to exempt disabled students from any of the state- or 

district-mandated testing required for students without disabilities.  The criteria have 

changed substantially since the passing of the No Child Left Behind Act of 2001, Public 

Law 107-110 (NCLB).   Since the passing of NCLB, individual state participation and 

accommodation policies have evolved continually and include specific requirements for 

student accountability (Bottsford-Miller, Thurlow, Stout, & Quenemoen, 2006).  States 

and their school districts must include accommodations whenever possible to ensure 

success for all students.   

Accommodations are changes in testing materials or procedures that allow students 

with disabilities to participate in standardized testing and demonstrate their knowledge 

and abilities on statewide assessments (Thurlow and Bolt, 2001).   Without 

accommodations for disabled students, the standardized tests are inaccurate in measuring 

the student’s skills and knowledge.  Accommodations allowed on statewide assessments 

vary from state to state and educators and administrators from individual states often 

implement the regulations of NCLB differently.  Generally, accommodations are divided 

into two test change groups: (a) Standard accommodations are considered changes in the 

way the test is given or taken but do not alter the central construct being measured by the 

test and, (b) non-standard accommodations are considered substantial changes in the way 
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the test is given and alter the construct being measured by the test.  All students who 

require accommodations for testing are then given a code to indicate what changes 

occurred during the testing.  

Assessment accommodations are intended to compensate for an individual’s 

disability (i.e., level the playing field), not to give an individual with a disability an 

advantage over individuals without disabilities. Tindal and Fuchs, (2000) emphasized 

that before any accommodation is allowed, three conditions must be met.   First, it must 

be established that the accommodation has a positive impact on the performance of 

students with disabilities.  Second, the accommodation should have no impact on the 

performance of students who do not have a disability.  There should be no unfair 

advantage in providing a particular accommodation to a student without a disability. 

Third, the accommodation does not reconstruct the primary psychometric properties of 

the assessment.   

While extensive research in the area of testing accommodations for students with 

disabilities has been completed (Thompson, Blount & Thurlow, 2002), little research has 

been conducted with students with visual impairments or students with visual 

impairments and additional disabilities.  For students with visual impairment, the 

majority of the research has been focused on only two accommodations: extended time 

and large print format.   

      Students with visual impairments have several options for accessing test materials. 

Some of the students with visual impairments use braille as their primary mode of 

reading, some use large print materials, while some students are auditory readers who 
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require test materials presented in audio format.  Braille, large print, and audio 

presentation are accommodations that allow these visually impaired students equal access 

to the testing environment. Some of these students may use a combination of these media 

to access their test. 

Using data from the National Center on Educational Outcomes (NCEO), six states 

from the 2006-2007 school year have state accommodation policies that allow tactile 

graphics with no restrictions. No restrictions is defined as: if the accommodation is used, 

the student must be given the score she or he earned, the students score must be 

aggregated, and the score must be used for accountability purposes.  Of those six, 

Arizona, Nebraska and Utah have an additional accommodation of verbal or word 

description for math diagrams and graphs are allowed for students with blindness or low 

vision. No guidelines or training are given in regards to implementing these verbal 

descriptions to the student.  Bolt and Thurlow (2004) describe certain math items are 

difficult for students tested in braille including items that include certain figures and 

graphs that students with visual impairments have difficulty comprehending.    Due to a 

student’s blindness or low vision, the student is unable to see figures and graphs on math 

tests and therefore has difficulties comprehending what the test question is asking.  

Landau, et al. (2003) surmised that accommodations given for students with visual 

impairments are more useful and valid for language-arts tests than for mathematics tests. 

Rationale 

     Little research has focused specifically on mathematical test items that are adapted in 

braille or large print and that require students with visual impairments to work with 
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graphical elements and/or diagrams.  No specific guidelines in state policies for testing 

accommodations have been developed to provide teachers of the visually impaired 

adequate training and knowledge in administering math items with graphical elements as 

well as providing sufficient access to their students.  Therefore, there is a wide variation 

in how teachers of the visually impaired administer mathematics assessments with 

graphical elements.  Some teachers provide extensive verbal descriptions while others 

wait for student to initiate questions concerning the math item.  For students who use 

tactile graphics, a teacher may help guide the student’s hands to read the graphical 

elements of the math item. 

     In addition to the inherent problems, most teachers of the visually impaired do not 

receive sufficient preparation in how to present tactile graphical elements to their 

students.  For students who read braille, there is a special code called the Nemeth Code 

for Braille Mathematics and Science Notation (Nemeth, 1972) specifically for students to 

gain access to and produce mathematical assignments.   In a survey conducted by 

Rosenblum and Amato, (2004) 135 teachers were asked a variety of questions asking 

about teacher readiness in preparing material for and instructing students in math. 

Respondents commented that the three most frequent types of math materials prepared 

were basic operations, tactile graphics and word problems.  Many of the teachers 

surveyed felt that they were not adequately prepared in their University teacher 

preparation Nemeth Code classes. 

     For students who use braille and tactile graphics as their reading medium, there are a 

myriad of possible difficulties in interpreting tactile elements on test items.  One type of 
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test question that is difficult to reproduce in braille is rotation items.   Frequently print 

alphabetical letters are used and are rotated or flipped in print.  Students who read braille 

may not have had experience with print letters.  Some science test items that use complex 

pictures to demonstrate experiments and scientific processes or concepts such as the 

skeletal system.  Many young students use three- dimensional objects to learn certain 

math concepts.  For a standardized test situation, two-dimensional objects are used and 

students may not have the experience with raised tactile graphics that simulate two-

dimensional drawings.  Social Studies maps that are produced in tactile format with 

braille present difficulties if there is too much information on the map.  As in large print, 

a braille map may not be able to be included on one page and may need to be reproduced 

on several pages.  Many times there are separate keys because the braille contractions 

take too much room on the map.  Items that show multiple layers or cross sections (i.e. 

layers of the skin) are also difficult for the braille reader to interpret.  Figure 1 is an 

example of a sixth grade math test item that is very visual in nature.   When adapted into 

a tactile diagram, students have difficulty with interpreting tactually how to solve the 

problem.  In addition, there is a large quantity of braille (words and numbers) 

interspersed with tactual lines. 
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Figure 1 math item example 

Darien wants to take the shortest route from her house to school. 

 

Which of the following routes is the shortest path for her to take? 

A  home store park school 

B  home Elena’s park school 

C  home store bike shop school 

D  home post office Elena’s school 

 

      AIMS sample test item 6
th

 grade, 2006 
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     Access to graphics can also be problematic for low vision students who use large print 

as their reading medium.  There are two popular methods for enlarging tests.  The regular 

print test can be enlarged through photocopying or an electronic version of the test can be 

employed to reformat the test items and enlarge.   The second method is preferable 

because it creates a better large print version for the student with low vision.  Other 

changes that can occur when a regular print is reformatted electronically are spacing, 

shading, graphics, font style, and print size.  There are many difficulties associated with 

converting test items from regular print to large print.  One of these is complicated, multi-

shaded drawings that have numerous details.  Sometimes colors cannot be distinguished 

by students with a color deficiency.  Large maps cannot be included on one page if the 

map is enlarged.   Students then need to view a map on multiple pages.  Math or science 

charts and graphs may extend over several pages of text. 

     Sometimes math graphics are described auditorily rather than presented in a tactile or 

visual format.  Audio presentation of print materials is another method for students 

allowing for all or part of an assessment to be presented on cassette tape, CD, computer 

and specialized screen reader or text reader software, or read aloud to a student.  The skill 

of listening to spoken test material and maneuvering  a computer, cassette tape player or 

CD player is different from the skill needed to read and interpret print or Braille.  This 

can place a student at a disadvantage if the student has not had training with completing a 

test auditorily.  It is vital that the oral presentation of the test does not invalidate test 

results or preclude the reporting of the results (Allman, 2006).  Any graphic materials 

must be described accurately and in such a way that includes the critical components of 
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the graphics without supplying the answer.  Limited information exists concerning the 

effects of test administration using enlarged visual graphics, tactile graphics, and auditory 

administration with students who are visually impaired, even though these methods are 

commonly used in standardized testing situations. 

Statement of the Problem 

This study addressed the combination of verbal input with enlarged print and tactile 

graphics because these combinations of media are commonly used in standardized 

testing.  No research has been conducted to determine whether a verbal description of 

math problems with graphical elements is related to the performance of students 

completing mathematics testing.   It is also unknown how verbal descriptions affect the 

psychometric properties of the math test items. 

Research Questions 

     The purpose of this study was to explore the techniques use by teachers of the visually 

impaired when administering math questions with graphics to students with blindness or 

low vision.  The study was conducted to determine whether there were inconsistencies 

between teachers administering math test items using a verbal description. To assess 

whether this accommodation had an effect on the performance of students with 

disabilities and if the psychometric properties were altered, the following research 

questions were addressed by the researcher. 

1.  What are the variations in how teachers or test administrators describe math 

graphics and diagrams to their students with blindness or low vision as reflected 

on the Teacher Technique checklist? 
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2. How do teachers or test administrators make decisions about the amount of 

verbal description given for students with either blindness or low vision, and 

how do their decision processes relate to their observed testing behavior? 

3. Are there differences within and between braille and large print groups with 

regard to (a) teacher variation (measured by Teacher Technique checklist); 

 (b) student variation (measured by Student Technique checklist); (c) scores on 

test items? 

4. Is there a relationship between (a) correct answers on the test and teacher 

variation scores; (b) time needed for total test and teacher variation scores? 

5. What are the similarities and differences with teacher assistance on each math 

item, with regard to type of math graphic? 
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CHAPTER 2 

 

REVIEW OF THE LITERATURE 

 

Definition of Accommodations 

     Accommodations are practices and procedures in the areas of presentation, response, 

setting, and timing/scheduling that provide equal access during instruction and 

assessments for students with disabilities. Accommodations are intended to reduce or 

even eliminate the effects of a student’s disability but not reduce learning expectations. 

The accommodations provided to a student are intended to be the same for classroom 

instruction, classroom assessments, and district and state assessments.  Some 

accommodations may be appropriate for instructional use, but not be appropriate for use 

on specific standardized assessments.  

     Accommodations are commonly categorized in four groups: presentation, response, 

setting, and timing and scheduling.  Presentation accommodations allow students to 

access information in ways that do not require them to visually read standard print. These 

alternate modes of access are auditory, multi-sensory, tactile, and visual.  Some examples 

of presentation accommodations are large print, braille, tactile graphics,  familiar 

examiner and read-aloud.  Response accommodations allow students to complete 

activities, assignments, and assessments in different ways or to solve or organize 

problems using some type of assistive device or organizer.  Some examples of response 

accommodations are use of a scribe, writing in test booklet and sign responses.  Setting 

accommodations is another category of accommodations.  Setting accommodations can 

change the location in which a test or assignment is given or the conditions of the 
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assessment setting.  The final category of accommodations are timing and scheduling 

accommodations that may increase the allowable length of time to complete an 

assessment or assignment and perhaps change the way the time is organized.  Students 

may receive multiple days to complete the assessment or have extra breaks.  For this 

literature review, the ERIC, PyschInfo databases and Google scholar were used to obtain 

articles and technical reports.  I used keywords such as assessments, verbal description, 

word description, tactile graphics, and visually impaired.   

      Accommodations allowed on statewide assessments vary from state to state and 

educators and administrators from individual states often implement the regulations of 

No Child Left Behind Act of 2001, Public Law 107-110 (NCLB) differently.  Generally, 

accommodations are divided into two test change groups: (a) Standard accommodations 

are considered changes in the way the test is given or taken but do not alter the central 

construct being measured by the test and, (b) non-standard accommodations are 

considered substantial changes in the way the test is given and alter the construct being 

measured by the test.  All students who require accommodations for testing are then 

given a code to indicate what changes occurred during the testing (Thurlow and Bolt, 

2001).    

     While extensive research in the area of testing accommodations for students with 

disabilities has been completed (Thompson, Blount & Thurlow, 2002), little research has 

been conducted on students with visual impairments or students with visual impairments 

and additional disabilities.  For students with visual impairment, the majority of the 

research has been focused on only two accommodations: extended time and a large print 
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format.  Among the school age population, the incidence of visual impairment is low, 

resulting in limited research opportunities.  A low incidence disability is defined as a 

disability that makes up about 10 percent of all students with a disability and includes 

visual impairment, hearing impairment and traumatic brain injury (Bursuck & Friend, 

2002). 

Legal Response to Measuring Learning for Students with Disabilities 

     Individuals with Disabilities Education Act (IDEA Public Law94-142 as amended) 

Amendments in 1997 contained a requirement that the learning of all students be 

measured.   Participation of all students, including those with disabilities, in state and 

district-wide assessments is one of the stipulations.  In addition, a student’s 

Individualized Education Plan (IEP) must include a description of any accommodations 

that may be necessary for the student to participate fully in assessments.  If a student’s 

disability precludes participation in an assessment, even with accommodations, an 

alternate assessment must be administered. 

In 2001, the reauthorization of the 1965 Elementary and Secondary Education Act 

(ESEA), titled the No Child Left Behind Act (NCLB), was passed.  Under NCLB, state 

officials were to establish challenging standards, implement assessments to measure 

students’ performance against those standards, and hold schools and school systems 

accountable for the achievement of all students within the public education system (Kohl, 

McLaughlin, & Nagle, 2006).  U.S. Department of Education officials stated that holding 

all students with disabilities to grade level achievement standards or to require them to 

participate in the general statewide assessment was inappropriate.  State officials were 
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granted the flexibility to measure the achievement of students with the most significant 

disabilities by using alternative instruments. 

A major purpose of the 2004 reauthorization of IDEA was to align major legislative 

and regulatory requirements affecting states.  In addition, a major provision is that all 

students must be included in state- and district-wide general assessments.  The 

reauthorization indicates how students with disabilities would be included in state 

accountability systems established by NCLB.  The re-authorization also has provisions 

for including students with disabilities in state accountability systems established by 

NCLB.  For example, individual state educators must include 95% of every subgroup 

(e.g. students with disabilities and English language learners).   

Students with disabilities must participate in statewide testing so school districts can 

show adequate yearly progress (AYP).  State officials must also keep records of 

participation and performance data for students with disabilities and other subgroups.  

These students must then be provided with appropriate accommodations, as indicated in 

their Individual Education Plan (IEP), as well as alternate assessment options when 

necessary.   

Turning State Policy into Practice 

By 2001, a national state –level participation policy for standardized state or district 

testing of students with disabilities was developed (Thurlow, Lazarus, Thompson, & 

Morse, 2005).  The authors requested copies of state policies on the participation of 

students with disabilities in statewide assessments and the provision of accommodations 

that had been revised since 1999.  Thurlow and colleagues compiled information from the 
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state policies and examined various ways that educators from the various states provided 

accommodations: IEP team decisions, category of disability, curricular content, 

parent/guardian involvement, percentage of time receiving special education services, 

nonpursuit of a standard diploma, student emotional anxiety and other factors.  The 

authors focused on two aspects for accommodations:  whether or not students received 

accommodations and which group of students was eligible.  The groups included students 

with IEPs, students with 504 plans and English language learners.   

The practice of using accommodations was not universally implemented.  Some 

states have restrictions on whether or not a specific student can receive testing 

accommodations.  The accommodation categories most often ignored were certain 

disability classifications and the percentage of time certain children within the various 

categories received special education services. The most recent categorical addition to 

determining accommodation need is student emotional anxiety. This addition helped 

educators assess the student’s emotional anxiety about test taking and the possible 

adverse reaction to the testing situation and to provided accommodations as needed.  In 

most state policies, criteria for making decisions about accommodations were included in 

the studies reviewed by Thurlow et al. (2005).   

For a student with blindness, braille and tactile graphics are common 

accommodations in assessment, especially in mathematics and science. Though braille 

and large print as a presentation accommodation has been widely researched; little 

research has been conducted on graphics and verbal description of those graphics for 

math test items. 
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Tactile Graphics as a Presentation Accommodation 

      Tactile graphic images are used by individuals with blindness to obtain information 

that sighted individuals get from looking at pictures.  Some other terms for tactile 

graphics may include: raised line graphics, embossed images, relief drawings or tactile 

representations.  Some of the reasons to use a tactile graphic may be; to convey the 

structure of objects that may be too difficult to understand through text alone to describe 

a real object that cannot be experienced through touch—i.e., it’s too large or too small to 

examine when the shape/form/pattern is important to demonstrate ; to illustrate scale and 

relationships in science, social studies or mathematics; and when a tactile graphic is 

needed by a student to participate in classroom discussions or to answer questions 

(Poppe, 2008). 

     Graphic material that is used in instructional materials and assessments includes maps, 

charts, graphs, diagrams, and illustrations. It is imperative that the tactile graphic provide 

information necessary for the student with blindness to respond to material adapted as 

their sighted peers.  Tactile graphics are adapted for the blind user in order to access this 

graphic material found in mathematics and science.  This graphic material frequently 

contains information that is difficult to present in a tactile format.  

     There are many types of graphic material in braille or raised line drawings.  Certain 

types of graphic materials either cannot be provided in braille or tactile formats, or they 

are so complex that doing so produces a graphical element that is unreadable for the 

braille user. The transcription of a mathematics test from to print or Nemeth braille and 

tactile graphics is a unique process.  Some test questions or test directions may need to be 
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edited in such a way that make the test items more understandable for the braille reader in 

braille and in tactile graphics.   Some of the editing may include minor adaptations of 

words in directions such as ―mark the answer‖ instead of ―circle the answer‖.   Some 

other adaptations include moving a question for a graph or diagram from the bottom to 

the top of the graph and simplifying graphs and charts so that there is less confusion for 

the tactile reader.   There may also be instances where a math test item may be deleted or 

a question substituted if the question is too ―visual‖.  

Tactile Discrimination 

     Researchers have examined the differences, if any between types of tactile graphics 

and their efficiency with tactile users.   In a study conducted by Krufka and Barner 

(2006), a comparison was completed with blind and sighted individuals on raised line 

graphics and relief graphics using the Tiger Advantage Braille Embosser™ (ViewPlus 

Technologies 2000).  Testing with these two types of graphics included discrimination, 

identification, and comprehension of the graphical elements.  The raised line graphics did 

outperform the relief graphics in all three tasks examined, however, raised-lined overlook 

intensity and color information with a graphical element. (This may be of importance 

when intensity represents a region’s population density, for example.)  

Another study was conducted in order to examine the effectiveness of various modes 

for computer-driven tactile displays.  Shimizu, Shinohara, and Nagaoka (2000), examined 

four presenting modes including: outline mode, plane mode, hollowed-plane mode and 

relief mode.  A tactile surface consisting of a hexagonal matrix of moveable pins were 

arranged on a display.  The investigators included both sighted and blind participants in 
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their study.  The relief mode delivered the highest percentages of correct responses and 

the hollowed-plane mode yielded the lowest.   

In a study investigating the design and use of tactile graphics by Sheppard and 

Aldrich (2001), teachers and students were asked questions concerning tactile graphics.  

Teachers discussed many issues concerning physical details of graphics.  One 

characteristic described by teachers was size; many diagrams were small and cramped.  

Many times, braille labels are designed to fit within that particular page and this makes it 

difficult for the braille reader to distinguish between the raised dots in a braille 

contraction.  Another issue was types of lines or textures used in a diagram.  A solid line 

was easier to distinguish better than an outline shape in some graphs.   

These same authors facilitated focus groups with students from two special schools.  

Students had a variety of responses in their attitudes towards tactile graphics.  Some 

students wanted to avoid them altogether, while other students welcomed the break from 

constant text in their material.  Older students in the focus group suggested using a verbal 

description instead of a tactile graphic or if using a tactile graphic, splitting it to two or 

more separate graphics.  This simplifies the diagram instead of making it more complex 

for the tactile reader.  Students mentioned that tactile lines should not be close together 

and more textures should be used for lines in graphics.  Like teachers, students mentioned 

that size is important and if a diagram is too small then detail is tactually difficult to 

comprehend.  Overall, in this focus group study, the older the student, the more they 

disliked tactile graphics and preferred an audio or verbal description of the graphical 

element. 
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Audio-tactile Graphics 

     Many technological options have been researched with tactile graphics in both math 

and science. One device, known as the Talking Tactile Tablet (TTT) has been developed 

in order to assist with making math graphical elements more accessible for students who 

are visually impaired or print impaired (Landau & Gougey, 2001).  The TTT is connected 

to a computer via a USB port and a user can then place a specially prepared raised line 

and textured drawing sheets onto the TTT’s touch sensitive surface.  The user then 

presses a variety of shapes, icons and regions on the tactile image in order to evoke audio 

responses.   Landau et al. (2003), created a version of a self-voicing test that included test 

items with graphical elements.  Users were then able to complete math items at their own 

speed and gain information from the tactile graphics by pressing on various features in 

order to hear the associated audio description of the diagram.  Researchers noted that the 

TTT had a positive effect on the participants’ performance on the math test.  On most of 

the test items, the participants performed better when they used the TTT than 

accommodations they typically used.   Limitations included very small sample size, no 

experience by participants with the device prior to study and technical difficulties with 

the device itself. 

In another study, Roth et al. (2002) administered three different methods for 

presenting scientific graphs to individuals with visual impairments.  These methods 

included auditory, kinesthetic, or a combination of the two.  For the audio aspect of the 

graph, a single tone with a pitch was used for the y-coordinate and the duration was 

represented by the x-coordinate.  The tone was then combined to a two-dimensional 
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sound plane in which the stereo effect is demonstrated by the x-coordinate and the 

elevation effect is represented by the y-coordinate.  Any additional information on the 

graph was identified by different no speech sounds.  The tactile characterization of the 

scientific was based on the user trailing the edge of the graph using a mouse (Logitech 

WingMan Force Feedback mouse).  Any additional information on the graph was 

produced by vibrations.  Results from this study indicated that the combination of both 

auditory and kinesthetic modes proved the best choice for users.  Audio representation 

only did not provide sufficient information, and there was some difficulty with the mouse 

and the position of the hand and size of the workspace. 

Large Print Graphics as a Presentation Accommodation 

Some graphical elements, which includes maps, charts, graphs, diagrams, and 

pictures, can bring forth unique difficulties when adapted for large print.  The intricacy of 

some graphic materials hinders the material being provided in large print unless they are 

modified to become more readable when enlarged. Though there has been no research 

conducted on large print graphics, American Printing House for the Blind (APH) has 

established guidelines for mathematical large print adaptation (APH, 1997).   Graphics in 

large print must show good contrast, clarity, and accurate details and information. 

APH recommends that information included in a picture also be included in the test text. 

In other words, no test item should rely solely on a picture for information needed to 

answer the test item.  Pictures should be retained in the large print format but some 

editing for shaded material and clarity may be necessary.   Another guideline APH 

suggests is avoiding print that is overlaid on a diagram or graph.  This may be visually 
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confusing for the large print reader.  For a student who has difficulty distinguishing 

colors, multi-color graphs that use similar colors may hide important information.  

Instead, two to three contrasting colors or black and white are recommended.   

     When there is a math test item requiring measurement, the measurement must be true 

to the size intended so that the student is able to accurately answer the test item. Another 

difficulty with test items involving measurement is the degree of accuracy associated 

with the test item.   For example, some large print readers may not be able to distinguish 

between 7/16" and 8/16" on a ruler. The degree of accurate measurement for large print 

readers may need to be adjusted from the degree of accuracy required of the sighted peer 

unless this condition hinders the large print reader from meeting the test objective. 

Finally, if a graph or table does not exceed one page in the regular print materials, then 

the large print version should be edited to fit on one page, if possible.  If large print or 

braille is not available or a suitable medium, some students may use audio presentation in 

completing an assessment. 

Audio Description 

     Usually students with visual impairments read materials by using either print or 

braille.  However, there are some students who use an audio presentation as their primary 

means of assessment completion.  Audio presentation can allow for all or parts of an 

assessment to be presented on CD, cassette tape, computer and specialized screen reader 

or text reader software.  Preparing the test material onto an audio format requires a 

process similar to the construction of test materials in braille (Allman, 2004).  Any 

graphic material must be described accurately and include the vital elements of the 
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graphics without supplying the answer.  Sometimes audio presentation is used with a 

student due to time reduction but the audio presentation may not be the most efficient 

medium for that particular student. 

In a study by Erin et al. (2006) investigators examined the relationship between 

testing mediums, test performance and testing time of high school students with visual 

impairments.  Three groups of high school students (blind, low vision and sighted) 

completed assessments in both oral and print or braille presentation.   Overall, for the 

three groups tested, oral presentation was not an advantage and even though most 

students stated that they preferred written format, this was not always the best test 

medium. 

In some instances, an additional audio description assists individuals with visual 

impairment access to television and CD movies.  Access to these mediums is increased 

through audio description, providing accurate, concise verbal descriptions of visual 

images such as people, facial expressions, sizes, colors, objects and scenes An 

experiment conducted by Schmeidler and Kirchner, (2001) in order to examine the impact 

of watching television science programs with and without an audio description.  This 

study showed that the 111 legally blind respondents interviewed stated that audio 

description made the science programs more enjoyable, interested and informative.  In 

addition, respondents gained and retained more information from watching the programs 

with the audio description.  Finally, respondents said they felt more comfortable 

discussing the programs with individuals who are sighted.     
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Another study investigated the language that was used in a variety of films that 

contained audio description.  Piety, (2004)  premises that people with visual impairments 

do not have a unique language such as people with deafness.  The language that users of 

audio description access in their daily lives is shaped by the language of the sighted 

world.   He argues that though audio description is a process that is contingent upon 

assistive technology, it is fundamentally a process of applying human language.   Results 

of his analysis of films included definitions of the structural and functional elements of 

audio description. This author felt that the language used in audio description is not 

altogether the same as written and spoken language.  Having language definitions in the 

verbal description of math and science graphics for individuals with visual impairment 

could be of some benefit to test administrators.   

Recent State Policies 

The most frequently allowed presentation accommodations continue to be large 

print, braille, sign interpret directions, and read aloud directions Christensen et al. (2008). 

The policies of 47 states allow the large print accommodation without any restrictions, 

and an additional two states allow the accommodation in certain circumstances. Forty-

seven states permit the use of braille without restrictions, with one additional state 

allowing braille under certain circumstances and with implications for scoring, and 

another state allowing the use of braille as a unique aggregated accommodation allowed 

in certain circumstances. 

     Since 2007 six states have added nine additional Presentation Accommodations as 

analyzed in the Synthesis Report 69, 2007 State Policies on Assessment Participation and 
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Accommodations for Students with Disabilities (Christensen et al. 2008).  These 

presentation accommodations included;  teacher highlighting, student highlighting, 

student reads test aloud, Native Language translation of directions and/or items, increased 

space between items, simplify/paraphrase directions, tactile graphics, prompt/encourage 

student, and page turner. 

     In addition, some states now have guidelines for accommodations involving a third 

party/access assistant.  The access assistant is an individual who serves as a mediator 

between the student and the mode of access to the test such as sign language interpreter, 

scribe, or reader. If a decision-making team has selected ―dictation of answers‖ as an 

accommodation, certain state guidelines might then define the role of the scribe. For this 

analysis, the authors accepted anything the state produced as a written guideline. In other 

words, no quality criteria were imposed. Forty states provided written guidelines for 

scribes in their accommodation policies.  Thirty-two states allowed a reader as a 

presentation accommodation and 27 states had guidelines for a sign language interpreter.  

In this NCEO 2008 synthesis report of state policies on accommodations, no guidelines 

were mentioned for tactile graphics or verbal descriptions of those graphics for students 

with visual impairments. 

Summary 

Verbal or word description and adapted graphical elements for individuals with 

visual impairments are intended to convey information concerning particular test items 

that allows for equal access in state assessment requirements.  It is that imperative 

guidelines be established so that there is less variability with test examiners administering 
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math assessments to students.   It is also vital that research continue to examine whether 

verbal description in combination with adapted graphics will provide low vision and 

blind students with adequate information needed to complete required state assessments 

in a fair manner. 
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CHAPTER 3 

METHODOLOGY 

 This study investigated the techniques used by teachers of the visually impaired 

when administering math questions with graphics to students with blindness or low 

vision.  This exploratory study was conducted to determine the variations between 

teachers administering graphic math test items using a verbal description.  This chapter 

contains five sections: research design, participants, instrumentation, data collection and 

analysis, and summary. 

Research Design 

 The study was a mixed methods design that examined the administration of math 

graphic items with students with visual impairments and the variations of techniques 

employed by teachers of the visually impaired (TVI).  In addition a short interview was 

conducted with teachers in order to obtain information about training received on math 

assessment administration and techniques used with students and graphical components 

of math assessments.  

Participants 

      This study was conducted at various public schools and a residential school in 

Arizona, Nevada and Texas.  Participants were recruited through AER listserve, Arizona 

Association for Itinerant Teachers of the Visually Impaired, local school agencies and 

other agencies.  The University of Arizona Human Subjects Committee approved the 

project, which required full committee review because the primary study participants 

were considered vulnerable and ―at risk‖. 
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The study included 10 teachers of students with visual impairments and 10 

visually impaired students (one per teacher).  The students were all legally blind, five 

students had some vision and five students had light perception or total blindness.  

Students either used a reading medium of large print (low vision students) or braille 

(blind students) for standardized assessments.  Eligible students received special 

education services as a result of their visual impairment and were in grades 9-12.  

Participants were within one grade level in the area of mathematics as reported by their 

TVI.   Students were given a $10.00 gift certificate and teachers were given a $20.00 gift 

certificate as an incentive.  

      Teachers who participated in the study were certified in the state of Arizona, Nevada, 

and Texas and taught students in kindergarten through twelfth grade in the area of visual 

impairment.   The teachers provided services in a variety of school settings including 

itinerant, resource and a residential school for students with visual impairments.  All 

participants and families were consented/assented as required by the Human Subjects 

Institutional Review Board. 

Instrumentation 

     A student demographic form (see appendix H) was sent and completed by teachers 

prior to data collection.  Age, visual impairment etiology, reading medium, visual acuity, 

ethnicity, grade level, sex, and hours of services received by TVI and school placement 

information was obtained using the student demographic form. 

      Math test items were obtained from the public domain sample tests provided on  

 

the Arizona Department of Education website  
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http://www.ade.state.az.us/standards/aims/sampletests/  

 

(Arizona Instruments to Measure Standards, AIMS); California Department of Education  

 

website  http://www.starsamplequestions.org/ (Standardized Testing and Reporting 

Program, STAR); Texas Department of Education website 

http://ritter.tea.state.tx.us/student.assessment/resources/online/2006/grade9/math/9math.h

tm (Texas Assessment of Knowledge and skills, TAKS) and Massachusetts Department 

of Education website http://www.doe.mass.edu/mcas/testitems.html, (Massachusetts 

Comprehensive Assessment System, MCAS).  Only math items using graphics were used 

for this study.  Math graphics were divided into six types of graphics with two problems 

of each type.  These include circle graph, number line, coordinate graph, scatter plot, line 

graph and Cartesian Coordinates graph. Math problems were chosen so that they could be 

solved without using a mathematical formula. The math graphics were recreated using 

Microsoft 07 Excel and PowerPoint and then transferred into a word document.  The 

remaining  part of the problems were retyped into Microsoft Word 07.  The math 

graphics were recreated in order to provide the best resolution possible for large print 

duplication in an 18 point font. The tactile graphics were recreated by a commercial 

embosser called the Braillo.  The math test items were adapted to large print or tactile 

graphics by the Arizona Foundation for Blind Children.   

Pilot Study 

     A pilot study was conducted in May, 2009 in order to determine what teacher 

techniques and student assistance were required in order to complete math graphic 

http://www.ade.state.az.us/standards/aims/sampletests/
http://www.starsamplequestions.org/
http://ritter.tea.state.tx.us/student.assessment/resources/online/2006/grade9/math/9math.htm
http://ritter.tea.state.tx.us/student.assessment/resources/online/2006/grade9/math/9math.htm
http://www.doe.mass.edu/mcas/testitems.html
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problems.  The researcher observed a TVI completing a school district end-of-the-

semester mathematics assessment with a student in the third grade.  Teacher and student  

observations were scripted.  Some of the techniques observed were teacher initiation, 

whole picture verbal description, hand beside hand guidance, clarification of student 

questions, and assistance with reading the math problem in Nemeth Code.   

      In the second observation, an orientation and mobility specialist was observed with a 

high school student using a large print map of a mall.  The teacher described parts of the 

diagram instead of whole picture description; the teacher pointed to different parts of the 

diagram to the student and waited for the student to initiate the questions.  The teacher 

also clarified or answered any questions the student had. Each teacher approached the 

graphics in a different style. 

Teacher Technique Checklist 

     A Teacher Technique checklist (see appendix I) was created from the observations 

made in the pilot study in order to observe and record variations teachers used when 

administering math graphic test items to a student with a visual impairment.  A list of 

techniques included teacher initiation, teacher response after student initiation, whole 

picture description, graphic detail description, pointing/gesturing, hand guidance, reading 

math problem to student and clarification.  An example of a teacher initiation technique is 

the TVI explaining the problem to the student without the student requesting it.   Some 

teachers used either a whole picture or detail description, whole picture technique was 

when the TVI verbally described the entire math graphic to the student before the student 

began completing the problem.  With a graphic detail technique, a TVI verbally described 
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a part of the whole graphic at a time and broke the graphic down into smaller pieces for 

the student.  When working with students who were braille readers and used tactile 

graphics, some teachers would physically guide the student’s hand to different parts of a 

particular math graphic.  Other teachers pointed to a specific detail of a math graphic 

when describing the math item to the student.  Some teachers read the math problem to 

their student.  Finally, some teachers responded back to a student when the student asked 

a question concerning the math item and clarified something they previously had 

described to the student. The variations in types of assistance were categorized to create 

the items on the Teacher Techniques Checklist.  A Likert scale was applied to each math 

graphic test item ranging from zero to four, low assistance to high assistance.  A sum of 

total Likert scale response scores were then recorded as well as the sum of each math 

item score.  Data was tallied using the Likert Scale: 0 means no instances of behavior, 1 = 

1-2 instances, 2 = 3-4 instances, 3 = 5-6 instances and 4 = 7 or more instances of 

behaviors observed in each subcategory.   

Student Response Checklist 

      A student response checklist (see appendix J) was also created in order to observe and 

record behaviors a student used when working through a math graphic test item.  These 

behaviors included student initiation, hand exploration, and questioning/clarifying, and 

pointing/gesturing.  Student initiation occurred when the student started the process 

concerning any verbal description or other additional assistance from the teacher.  Hand 

exploration was limited to students who used a tactile graphic format when completing 

the math test items.  In addition, some students asked questions or wanted clarification 
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concerning some aspect of the math test item.  Finally, some students pointed or gestured 

to the teacher in order to obtain clarification to a smaller detail of the math problem.  The 

Likert scale was also applied to the student response checklist ranging from zero to four, 

low to high assistance.  A sum of these total scores was then obtained as well as the sum 

of each math item score. Data was tallied using the Likert Scale: 0 means no instances of 

behavior, 1 = 1-2 instances, 2 = 3-4 instances, 3 = 5-6 instances and 4 = 7 or more 

instances of behaviors observed in each subcategory.   

Interview Form 

     Teachers of the visually impaired were interviewed in person or by phone.  The 

purpose of the interview was to gain information regarding training received on math 

assessment administration and techniques used with students and graphical components 

of math assessments.  An interview form (see appendix K) was used with the teachers in 

order to record their responses to the interview questions.  The questions included the 

number of years respondents had taught students with visual impairments, whether they 

used the verbal description as an accommodation, the type of training they received for 

this accommodation, and how decisions were made by the teacher regarding when to give 

assistance for a particular large print or tactile math graphic. 

Procedure 

      Teachers were asked to administer twelve math graphic test items with their students. 

A typed script (see appendix L) was read by the investigator to both teachers and students 

prior to the beginning of test administration.  Teachers were asked to administer the math 

test items to their student using the reading medium the student normally used for 
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mathematics.  Teachers were directed to administer the 12 math items in the same way 

they would if they were giving a standardized math test to the student. Sessions were 

videotaped and audiotaped using a cassette recorder by the study’s researcher. Student 

and teacher hands were videotaped with no student faces included.  Students answered 

the multiple choice questions as they would if completing a mathematics test.  Students 

recorded their answers as they normally did in school, using braille writer, writing down 

responses on paper or dictating response to teacher who served as scribe.  

      The primary researcher and research assistant viewed four videotapes together 

initially in order to define teacher and student behaviors observed on the video. Two 

video tapes were then picked randomly and video tapes were viewed by the primary 

researcher and a research assistant separately. I also analyzed additional braille student 

behavior of hand use and hand directionality was added for data collection.  The primary 

researcher and research assistant reviewed three tapes together in order to establish 

guidelines and definitions of use of hand use and hand directionality.  Techniques and 

assistance needed by students were recorded onto student checklists and teacher 

checklists with video tapes viewed by primary researcher and the research assistant in 

order to ensure inter-observer reliability, with a goal of at least 80% agreement.  Audio 

tapes were used as a back-up method if speech was not understandable on the video 

tapes.  In order to obtain inter-observer agreement, each teacher and student assistance 

score from each math problem was calculated and compared between the primary 

researcher and research assistant.  This included 168 teacher behavior instances for the 

two teacher tapes reviewed and 96 student behavior instances for the two student tapes 
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reviewed.  Inter-rater reliability for the first video tape reviewed was 94% and for the 

second video tape 100% for an overall mean of 97% inter-observer reliability. One of the 

tapes viewed for inter-observer reliability was of a student using braille and the other was 

of a student using large print. 

Data Collection and Analysis 

       From the pilot study, a teacher technique checklist was created listing typical 

methods used by teachers of the visually impaired with their students when administering 

math test items using graphics.  I applied a Likert scale to each math graphic test item 

ranging from zero to four, low assistance to high assistance.  A sum of total Likert scale 

response scores were then recorded as well as the sum of each math item score.  The 

Likert scale was also applied to the student response checklist ranging from zero to four, 

low to high assistance.  A sum of these total scores was then obtained as well as the sum 

of each math item score.  Each teacher and student behavior was recorded exclusive of 

one another.   I created a table from the sum of totals from both the teacher and student 

checklist. 

        Teacher and student interactions and behaviors on test items were analyzed using the 

statistical software.  Comparing braille and large print scores, the t-test with alpha set at 

.05 was used to detect if there were any statistically significant differences between the 

two groups.  Test items were graded using the answer key from the sample tests provided 

on the Arizona, California, Massachusetts, and Texas public domain Department of 

Education websites.  A modified case study was also conducted using three of the braille 

student/teacher pairs who provided teacher assistance and a script was 
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 recorded between teacher and student interaction as well as observed behavior of hand 

use and exploration. 

     SPSS 14.0 was used with a Pearson correlation computed with an alpha set at 0.05 to 

measure a relationship between a) test and teacher technique scores b) test answers and 

time needed for total test time and c) test answers and teacher technique scores.  This 

analysis was selected because a Pearson correlation indicates the strength and direction of 

a linear relationship between two random variables. 

     To report the similarities and differences with verbal description on each math item 

and type of math graphic, a table was constructed that listed the score frequency from the 

teacher technique checklist.  The table referred to the particular type of math graphic 

math item the student completed such as geometry graphic or a Cartesian Coordinate.  An 

analysis of variance (ANOVA) repeated measures test with SPSS 14.0 was conducted to 

assess any differences between types of math graphic. 

     Finally, teachers interviews were used to determine decisions teachers made for type 

of assistance provided to high school students who were administered either tactile or 

large print graphics.  For the interview portion of the study, teacher responses to protocol 

questions were recorded. (See Appendix K for protocol).   

Summary 

     The study was a mixed methods design that examined the administration of math 

graphic items with students with visual impairments and the variations of techniques 

employed by teachers of the visually impaired.  This study determined what type and 

variance of techniques used by teachers of the visually impaired when administering 
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math questions with graphics to students with blindness or low vision.  The study was 

also conducted to determine whether there were inconsistencies between teachers 

administering math test items using a verbal description or other assistance.  This study 

was analyzed using several research questions through both qualitative and quantitative 

means.  
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CHAPTER 4 

RESULTS 

     The purpose of this study was to explore the techniques use by teachers of the visually 

impaired (TVI) when administering math questions with graphics to students with 

blindness or low vision.  The study was conducted to determine whether there were 

inconsistencies among teachers of visually impaired students when administering math 

test items using verbal description.  The answers to five research questions were analyzed 

through both qualitative and quantitative methods.  Data was gathered in three states from 

10 teacher/high school student pairs administering math graphic items during a video tape 

session.  In addition, a brief interview with teachers was conducted afterwards.  This 

section includes the study’s sample demographics and the results of the statistical 

analysis to each of the research questions. 

Demographics 

     Ten teacher/student pairs participated in this study.  A description of the student 

sample is presented in Figures 1 through 4.  Figure 1 describes student sex and grade 

placement.  Six of the high school students were enrolled in public school with itinerant 

support and four of the students were enrolled in a residential school for students with 

visual impairments.   

 

 

 

 



 

 

 

47 

 

  

Figure 2 
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Figure 3 is a pie chart of student ethnicities.

Figure 3 
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      Figure 4 indicates the students’ functional use of vision based on demographic forms 

completed by their TVI and school records.  Ophthalmological diagnoses included 

retinopathy of prematurity (n =3), bilateral retinal detachments (n = 2), albinism (n =1), 

optic nerve hypoplasia (n =1), cytomegalovirus (CMV) retinitis (n=1), retinitis 

pigmentosa (n =1), and myopic degeneration (n =1).    

 

Figure 4 
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      Figure 5 details the amount of weekly service hours students received 

support/instruction from a TVI per student Individualized Education Plan.  All students 

qualified for Special Education under the category of visual impairment and had no 

additional disabilities.   Of the ten students who participated in this study, five used 

braille and five used large print as their primary reading medium. Students 4, 5, 9, and 10 

were students who attended a residential school and this accounts for high weekly service 

hours. 

 

Figure 5 
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     All teachers who participated in this study were certified as teachers within their 

respective states of Arizona, Nevada, and Texas in the area of visual impairment.  Nine 

female teachers and one male teacher were included in this study.  During a brief 

interview, teachers were asked how many years they taught students with visual 

impairments.  The range of years for which participating teachers taught in the field of 

visual impairment was 9 to 40, with a mean of 20 years.  

Research Question 1 

1.  What are the variations in how teachers or test administrators describe math graphics 

and diagrams to their students with blindness or low vision as reflected on the Teacher 

Technique checklist? 

     Teachers were asked to administer 12 math graphics test items in either braille or large 

print to a high school visually impaired student.   Behaviors were observed through 

viewing of videotapes of one time sessions.  Seven behaviors were recorded on a data 

checklist (Teacher Technique checklist).  These seven behaviors were obtained through 

observation from an initial pilot study conducted by the primary researcher described in 

chapter 3. The behaviors observed and recorded from the video tapes included teacher 

initiation, teacher response after student initiation, whole picture description, detail 

description, pointing or other gestures, hand guidance, and reading the problem. All 

teacher behaviors were recorded exclusive of one another.  Teacher initiation was 

defined as any time a teacher initiated a question, gave information or a description of the 

graph or math problem the student was attempting to answer.  Teacher response after 

student initiation was characterized as a teacher acknowledgement after the student 
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initiated a question or requested clarification concerning a particular math problem.  The 

description of the math graphic was broken down into two types of descriptions.  Whole 

picture description was defined as the teacher explaining what type of math graphic the 

student was completing, i.e. a scatter plot graph, whereas a detail description of the graph 

was characterized by the teacher distinguishing a particular detail of the math graphic 

such as naming lines or angles in an intersecting line graph math problem.  Pointing or 

other gestures was indicated if the teacher pointed with her finger or hand towards the 

graph or part of the graph: no other gestures were recorded.  Hand guidance was used by 

some of the teachers when working with a braille reader. For some math problems the 

teacher guided the student’s hand towards or on top of a particular part of the tactual 

graphic.  Finally, some teachers read part or all of a problem to the student. 

     Among the ten teacher/student pairs, there was a wide variation between how much, if 

any assistance was given to the student.  Four of the ten teachers provided some 

assistance while six provided no assistance to students as they were completing math 

graphic test items.  Table 1 indicates the number of times using a Likert score from zero 

to four, each teacher demonstrated the seven recorded behaviors. The behaviors were 

recorded exclusive of one another.   The first five students listed used braille and the final 

five used large print.  The teachers and students were paired with the same number, ex. 

Teacher 1 and Student 1. 
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Table 1 Frequency Count of Teacher Behaviors 

Teacher Behaviors

Teacher
Teacher 

Initiation

Teacher 

Response after 

Student Initiation

Whole Picture 

Description

Detail 

Description

Pointing / 

Gestures

Hand 

Guidance

Read 

Problem

Braille 1 23 10 5 27 0 15 3

2 20 1 3 14 0 4 0

3 10 2 1 7 6 0 0

4 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0

Large Print 6 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0

10 2 1 0 1 0 0 1

Totals = 55 14 9 49 6 19 4

 

 

     The student behaviors of student initiation, hand exploration (braille students only), 

pointing for large print students only, reading problems out loud, and questioning or 

clarification were recorded on a Student Technique checklist.  Student initiation was 

defined as any time a student initiated a question or needed some clarification concerning 

a particular math graphic test item. An example of a student initiating a question is if a 

student asked what a specific mathematical symbol was on the test.  An example of a 

student needing clarification is if a student asked for confirmation concerning a certain 

angle in an intersecting line graph.  Hand exploration type and directionality were also 

recorded.  Hand exploration consisted of using mostly one hand, mostly two hands, one 
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hand, two hands or alternating between both hands.  Directionality of hand movement 

was recorded by vertical, horizontal, circular or random direction for each problem 

student completed.  Pointing or other gestures were used by large print students if they 

pointed or gestured to any aspect of the math graph.  Table 2 indicates results of student 

initiation, reading problems out loud and questioning or clarifying.  Hand exploration and 

pointing will be discussed later. 

 

Table 2 Frequency Count of Student Behaviors 

  Student Behaviors     

  Student Student Initiation Reads problems outloud Question/ Clarify 

Braille 
1 10 2 26 

 

2 1 4 8 

 

3 2 8 11 

 

4 0 0 0 

  5 0 0 0 

Large Print 
6 0 0 0 

 

7 0 0 0 

 

8 0 2 0 

 

9 0 3 0 

 

10 1 0 1 

  
Totals = 14 19 46 
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      For the teachers who did provide assistance, behaviors observed most often were 

teacher initiation and detail description.  In other words, teachers initiated actions 

towards students much more often than students initiated some question of an aspect of 

the math problem to the teacher.  Also, the three teachers who provided verbal assistance 

tended to give detailed descriptions of a particular math graphic rather than providing a 

whole picture description of the math graphic.  These two behaviors consistently 

occurred together although they were recorded separately.  A teacher would initiate and 

then give a particular detail of the math graphic to the student. 

Research Question 2 

2. How do teachers or test administrators make decisions about the amount of verbal 

description given for students with either blindness or low vision, and how do their 

decision processes relate to their observed testing behavior? 

     A brief interview consisting of seven questions was conducted with each teacher after 

the completion of math graphic administration (Appendix K).  The interviews were either 

in person or by phone.  Teachers were asked two questions pertaining to how they 

decided what assistance, if any, they provide for students during math item completion.  

Teachers were asked additional questions regarding both students who use tactile 

graphics as well as students who use large print graphics for math problem completion.   

Overall, teachers stated that they provided more support for students using tactile 

graphics then large print graphics due to the visual nature of the math problems.  

     For tactile graphics, six out of 10 teachers cited teacher observation as a means of 

providing teacher assistance for hand movement through the tactile graphic itself.   In 
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other words, the teachers based their decision to provide hand guidance based on their 

observation of the student completing math problems.  Of these, two teachers commented 

that this is a student-driven process; if students hesitated or lingered on a particular tactile 

graphic, then teacher intervention was warranted.  Another teacher indicated that if the 

student is provided assistance if teacher observes the student is not at the correct location 

on a braille page or graphic.  Two of the teachers mentioned that the student’s prior 

knowledge of the math material was a way to decide whether or not teacher assistance 

was required.  One teacher stated that she used prior state standardized tests as a way to 

instruct and familiarize the student with specific tactile graphics.  Another teacher said 

that she knows her students’ needs and what she has already taught them in math and she 

then individualizes teacher assistance based on their needs. 

     With large print graphics, two of the teachers stated that using tactile graphics in 

combination with the large print graphics greatly helps with clarification of a particular 

math graphic test item for a student.  Four teachers commented that prior to the test itself, 

they make sure that the student who uses large print has the necessary equipment and 

materials needed for test completion.  One teacher said that the amount of verbal 

assistance or pointing to the graph by the teacher depends upon the degree of peripheral 

field loss of a student.  In other words, the teacher would provide more verbal assistance 

or pointing if the student had a high degree of peripheral field loss.  Two teachers stated 

that they will provide additional verbal description for a student using large print if that 

student appears to be physically struggling when viewing a particular aspect of the math 

graphic. An example of a student physically struggling would be if student moves his or 



 

 

 

57 

 

  

her eyes closer to the graph. This is done by student observation or asking the student if 

he or she are having difficulty seeing a detail of the math graphic. 

     Modified case studies were completed of the three teachers /student pairs in which 

teachers provided assistance to tactile readers. Three math problems were chosen and 

scripted (Problems 1, 3, 5).  Examples of math problems are included before the scripting 

and verbal and/or physical interaction between teacher and student pairs.   Figure 5 below 

is Problem 1. 

Figure 6 

 

1.  Points A, B, and C are on circle P. 

 

 
 

 
A. 280° 

B. 220° 

C. 160° 

D. 80° 
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Teacher 1 tended to use an instructional approach with teacher assistance to student.    

 

Teacher 1      Student 1 

What are they asking for in this problem?   

(Teacher 1 then showed student with hand  

over hand guidance the radius and the three  

points on the circle.)   There is a Point A, B, C and P. The 

degree is 80º.  

(The teacher explained what the arc symbol 

 was to student.)  You need to recall what 

 a circle is. What are they asking for in 

 this problem? (Showed student with hand over 

hand guidance the arc of the circle she needed 

 to compute.) You need to recall what a circle is.    

  360º (Student then used a calculator 

to subtract 360º-80º to get answer.)  

Check your answers.    

  There are two answers the same.   

(Teacher again cued student to reread her  

answer choices.) 

     Teacher 2 had a different approach then Teacher 1.  She sometimes waited for the 

student to ask for assistance or provided no assistance at all to student.  Other times she 
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would ask questions that tended to be an instructional approach format similar to Teacher 

1’s style.   

 

Teacher 2              Student 2 

(Allowed student to find the parts of the circle 

 graph with no assistance with hand guidance  

or verbal description.)   (Student mumbled parts of graph out 

loud.) 

(Teacher did not respond in any way.) 

 

      Teacher 3 asked her student to explain the math problem she was on.  This teacher 

 waited for student initiation.   

 

Teacher 3       Student 3 

Can you tell me what you are seeing?    

       It’s a circle with a little fraction and  

we are supposed to figure out 

everything outside of the fraction.  

(Student brailled out answer on         

paper.) 
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     This teacher in an interview afterwards stated that she prefers students talk out 

problems so that she ensures they don’t rush through the problems and put any answer.  

Students 1-3 answered the first problem correctly. 

 

Figure 7

3.   

 

 

 
 

 

The cost of a ticket to Funland varies according to the season. Which of the following 

conclusions about the number of tickets purchased and the cost per ticket is BEST 

supported by the scatterplot above?  

 

A. The cost per ticket increases as the number of tickets purchased increases.  

B. The cost per ticket is unchanged as the number of tickets purchased increases.  

C. The cost per ticket decreases as the number of tickets purchased increases. 

D. There is no relationship between the cost per ticket and the number of tickets 

purchased.  
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Teacher 1       Student 1   

(Waited for student to explore the 

 scatter plot for a few seconds.)  

        Are these points or something? 

These are scatter plots and they are  

a little different then what you are used to.   

(Both student and teacher conversed together  

on what the problem said on the y-axis and 

x-axis as if in agreement.) 

What does that say? (Referring to what the  

question was asking.)  

  (Responded to teacher with what the 

question said.) 

 (Directed the student’s hand up hand over  

hand to the title of the graph, Ticket Prices  

to Funland and repeated the title name.) 

 Find the answers to the problems on the next 

 page. 

   (Student explored the scatter plot 

tactually) 

 Do you remember what a scatter plot means if 

 it goes upward or downward?  
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  This graph is going upward and 

therefore increasing.  (Graph was 

actually decreasing in value of 

ticket.)  

What does this one do from the top down?  

  (Student then changed her comment.) 

I think it is decreasing. 

Did you read all the choices?   

  (Student then answered the problem 

with teacher repeating the answer 

verbally to her.) 

       Student 1 did answer this question correctly but Teacher 1 did coach student on what 

direction the points on scatter were going after student told teacher the incorrect 

directionality of points on scatter plot. 

 

Teacher 2       Student 2 

        (Explored graphic momentarily.) 

 This is a scatter plot and it is presented on two 

 pages.  Do you know which numbers refer to cost  

of tickets and tickets purchased? (referring to what  

was on y- and x-axis).  These are the scatter plots  

and you need to figure out which one is true.  
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(Referring to the answer choices given.) Make sure 

 you look at all the data. (Teacher then guided student’s 

 hands hand over hand to the y-axis and explained  

what it said as well as information on x-axis. With 

 teacher’s hands over student’s hands exploring the  

scatter plot line.) What direction does it go? 

 (Explored the scatter plot line by 

herself and circled the question in 

test booklet.) 

       Student 2 did answer this particular math problem correctly but Teacher 2 did coach 

student as far as what directionality of scatter plot line. 

 

Teacher 3      Student 3 

(Read problem out loud.)  That’s a 

weird looking graph. (Explored the 

graph and circled the answer in test 

booklet.) 
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Figure 8 

5.  The graph below shows Danielle’s speed, in miles per hour, during the 24 minutes she 

spent riding her bicycle one day. 
 

 
Which of the following is closest to the number of minutes that Danielle’s speed was greater 
than 14 miles per hour? 

A. 3 

B. 9 

C. 18 

D. 21   

 

Teacher 1       Student 1 

If you need explanation of the graph just ask.  

This graph is similar to graphs we have  

completed in the past.  

       (Explored graph tactually.) 

I want to make sure you can find everything 

 on here.(Took student’s hands and guided 
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 them towards origin on graph.)  The origin is  

where the number line is going up and rising 

 and going to the top of the graph then going 

 down again.  That would be showing Danielle’s 

 speed, over…(Teacher paused here).  

        Time.  

(Teacher guided student’s hands over the line 

 of the graph  for the length of line.) 

(The student answered question 

correctly as well.) 

 

Teacher 2      Student 2 

 (Read problem initially on her own 

and then explored graphic with both 

hands.)   

See how the line shows the speed how fast she 

 is going, the line goes up and then down.   

Think about what they are asking you, what  

is it asking you? (Teacher guides one of the  

hand’s of  student’s  over the tactual line on 

 the graph.) 
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  How fast is she going over 14  

  miles?‖   

Why don’t you reread the question?  

 How are you going to figure out?  Don’t 

 over think it; you know how to figure it out.  

(Student went over graph again 

tactually.) I don’t get it.  

What don’t you get, do you want me to go over 

 graph again?  

  I think it’s 9. (Answer B and circled 

answer. This answer proved 

incorrect.) 

 

Teacher 3      Student 3 

( Explored graph in much detail, 

read problem out loud.  Appeared to 

have some difficulty with gaining 

information from this particular 

graph.)  

Did you find number on graph?   (Exploring x-axis line.)  Almost, I 

just have to make sure I feel line. 
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(Spent a great deal of time reading 

graph.) 

Why don’t you read problem again?                          (Student re-read Problem 5.)  I think   

       I know the answer but can you 

       go over this problem with me? 

How many minutes did she ride her bike for? 

 (information on x-axis) 

       

 (Reexamined the graph after her        

   teacher question. ) 24. 

What is on x-axis?        

       Minutes. 

 What is it broken down into? Can you  

 find 0, how are lines (along x-axis) broken  

down into.  What does it stop on?      

       24. 

 So does it go 3, 6, 9,….         

       3, 6… to 24.   

The vertical axis….?        

       Miles per hour.‖ 

Do you want to look at each time slot and go 

 over numbers or do you want to start  
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at a certain number?      

       I want to start at 14 miles per hour. 

Starting at 14 take on hand down here, what 

 time did she get 14 miles per hour?  Use your 

 left hand as your place marker. 

        (Student has left finger on 14 on  

       graph.) 

(Teacher instructs student to trace her right hand 

 down to x-axis as student is using left hand to 

 keep place on 14 on y-axis.)   

  How much time it took Danielle at 3  

  minutes.   

Go across horizontally at the 14 miles per hour  

on the tactual line.  

(Student located 21 minutes on the x-  

axis and subtracted 21 minutes from 

3minutes and derived the correct 

answer.) 

      

      Teacher 3 for Problem 5, appeared to wait until Student 3 was having difficulty 

reading the graph tactually before asking questions.  When she did ask questions, she 

paused so that Student 3 then ―filled in the blanks‖ of the question she asked.  Teacher 3 



 

 

 

69 

 

  

also complied to Student 3’s request for further clarification, instructing her verbally 

where to move her hands without any hand guidance from teacher as seen with Teacher 1 

and Teacher 2. 

     In summary, the three teachers approached teacher assistance in different manners.  

Teacher 1 used an instructional/coaching model typically seen when instructing students 

with specific mathematical concepts, not in a testing situation.  In an interview conducted 

afterwards, Teacher 1 stated that she observes whether the high school student can access 

information themselves and after 1-2 minutes, she then assists the student with graphs 

auditorily.  This wait time was not observed in my study.  She also stated she gives verbal 

descriptions due to the length of the standardized test in her particular state and student 

hands become fatigued.  She then commented that she wishes there was an alternate test 

for students with blindness. 

     At times, Teacher 2 allowed her student to complete math items on her own with no 

assistance, but at other times when she observed that the student was having difficulties 

with a graphic, she would intervene with verbal description and hand guidance.  Teacher 

2 appeared to have an approach that was a combination of Teacher 1 and Teacher 3.  

Teacher 2 said very little in her interview as far as providing verbal description to 

students.  She stated that she observes what students are doing but provides less 

assistance on standardized testing, approaching the test different for each student.  

     Teacher 3 provided no support to her student unless student appeared to be having 

difficulty deciphering a specific graphic or if student requested additional verbal 

description.  This teacher also did not provide hand guidance to student, instead  she told 
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the student verbally where to move her hands. Teacher 3 appeared to use an approach 

most acceptable for a standardized test situation in a state that allows verbal description 

of math graphics.   In her interview, teacher stated that she will verbally describe a 

problem to her students so that they will slow down and complete each problem 

carefully, though she did not verbally describe each problem in this study, instead only 

doing so when student requested it.  She also states she observes hand movements of 

students , which she did do for the last math problem analyzed.  Student 3 was taking 

longer exploring last graphic then the first two and then this teacher provided teacher 

assistance. Students 1 and 2 did not receive a passing score for the 12 math problems and 

Student 3 was the only braille student who did pass of five total braille students. 

Research Question 3 

3. Are there differences within and between braille and large print groups with regard to  

(a) teacher variation (measured by Teacher Technique checklist);  (b) student variation  

(Measured by Student Technique checklist); and (c) scores on test items? 

     Differences may exist because there are no specific guidelines in state policies for 

testing accommodations.   Teacher characteristics may also influence testing 

accommodations including inadequate training, lack of knowledge in administering math 

items with graphical elements, and sufficient access to students. Therefore, there may be 

a wide variation in how TVIs administer mathematics assessments with graphical 

elements.  Some teachers provided extensive verbal descriptions while others waited for 

students to initiate questions concerning the math item. These factors resulted in a wide 

variation in how TVIs administered mathematics assessments with graphical elements.   
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      For hypothesized equal means with unequal variances, a t-test is the appropriate 

statistic.  This was conducted for all three parts of Question 3.  I analyzed teacher 

variation between the braille and large print groups; the P Critical was slighter greater 

(0.07) than the alpha set of 0.05.  Although this was statistically not significant, it 

approached significance.  The small size of the group may have caused a Type II error.  

The means of the braille and large print teacher variations were 30.02 (M = 30.02) and 

1.00 (M = 1.00) respectively. The standard deviations of the braille and large print 

teacher variations were 34.53 (SD = 34.53) and 2.24 (SD = 2.24) respectively. 

       I analyzed the student variation between the braille and large print groups, the P 

Critical was slighter greater (.07) than the alpha set of .05.  Although this supports the 

hypothesis that the means of the responses of large print and braille student are the same, 

the degree to which this is accepted is not very strong.  The P Critical score of 0.07 

approached significance. The small size of the group may have caused a Type II error.  

The means of the braille and large print student variations were 14.40 (M = 14.40) and 

1.40 (M = 1.40) respectively. The standard deviations of the braille and large print 

student variations were 15.95 (SD = 15.95) and 1.34 (SD = 1.34) respectively. 

      When I analyzed the braille and large print scores, I found that the P critical was .30 

which is substantially greater than the alpha set of .05.  The P critical value is six times 

greater than the alpha value for a 95% confidence level.  This is a very strong indicator 

that the mean scores of the braille and large print students are the same. The means of the 

braille and large print test scores were 0.45 (M = 0.45) and 0.55 (M = 0.55) respectively. 
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The standard deviations of the braille and large print test scores were 0.21 (SD = 0.21) 

and 0.27 (SD = 0.27) respectively. 

 

Table 3 Summary of Mean and Standard Deviation  

Braille Large Print 

Teacher Variation M 30.2 1

Likert Scores SD 34.53 2.24

Student Variation M 14.4 1.4

Likert Scores SD 15.95 1.34

M 0.45 0.55

SD 0.21 0.27

Correct Math Test 

Scores (%)  

 

Research Question 4 

4. Is there a relationship between (a) correct answers on the test and teacher variation  

scores;  (b) time needed for total test completion and teacher variation scores? 

      The Pearson Correlation was used to determine if there was a relationship between 

math scores and teacher variation scores and test time and teacher variation scores.

 The Pearson Correlation measures the degree of linear relationship between two  

variables.  A negative or positive sign indicates the direction of the relationship and the  

magnitude of the correlation (from 0 to 1) indicates the degree to which the data points fit  

on a straight line.  

     The correlation for test scores and teacher variation scores was 0.10 (r = 0.10), which 

does not show a strong, positive relationship.  There was a strong, positive relationship 
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between time needed for the total test and teacher variation scores, as indicated by the 

correlation of 0.84 (r = 0.84).  However, this relationship should be viewed with caution 

as three out of four teacher variation scores were for students using braille and tactile 

graphics and the time needed for this test was a mean of 33.69 minutes versus mean of 

large print time of 11.81 minutes. Braille readers typically need additional time on 

standardized testing.  For the braille group itself, there was a strong, positive relationship 

(r = 0.88) between the time needed for the test and teacher input scores. A Pearson 

correlation for students using large print was unable to be conducted because there was 

only one teacher input score; four teachers gave no feedback during testing.  

Research Question 5 

5.  What are the similarities and differences with teacher assistance on each math item,  

with regard to type of math graphic? 

      The 12 math problems were divided into six different math graphic types,  

with 2 problems of each type.  These included circle graph, number line, scatter plot,  

intersecting line graph, line graph and Cartesian coordinate graph.   An analysis of  

variance (ANOVA) test of repeated measures was used to determine if there was any  

statistical significance between math graph types.  An ANOVA repeated measures was  

used to evaluate mean differences between two or more treatment conditions using  

sample data from a repeated-measure experiment.  This analysis did not show statistical  

significance as confirmed in table 4. The difference of 0.562 was greater than alpha p > 

.05. The type of mathematical graphic did not appear to influence teacher assistance. 
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Table 4 ANOVA Math Graphic Types 

 

 Tests of Within-Subjects Effects 

 

Source   

Type III Sum 

of Squares df Mean Square F Sig. 

 

factor1 

 

Sphericity Assumed 

 

41.600 

 

5 

 

8.320 

 

.791 

 

.562 

Error(factor1) Sphericity Assumed 473.400 45 10.520     

        

  

      When examining the cases of teacher assistance with braille students only, I chose two 

types of math graphics that had at least 60% teacher assistance: scatter plot and line 

graph.  The two most prominent types of assistance by teachers were teacher initiation 

and detail description.  This was consistent with overall teacher assistance observations. 

Both groups of students made the most errors with circle graphs. Figure 5 indicates the 

types of math graphs and the percentage of students who answered correctly.  
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Figure 9 

 

       n = 12 math test items (2 math items per graphic category) 

 

Other Observations 

      Hand movements of the five braille students were observed while they obtained 

information from the tactile graphics.  In regard to their use of one hand or two hands, 

students were rated in five categories: one hand, mostly one hand, alternating between 

both hands, mostly two hands, and two hands.  Each math problem was rated this way.  

One student video tape was corrupted and the final two hand movements were not 

observed for problems 11 and 12.  Four of the five students predominantly used either 
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mostly or only two hands when exploring the graphics.  One student used one hand for 

the majority of his hand movement with his thumb bent under his palm. 

     Hand movement was also rated into four categories regarding directionality of hand 

movements:  horizontal, vertical, circular and random.  Two of the math problems were 

number line graphs and one would expect a horizontal direction when exploring.   The 

other 10 problems had tactile information more evenly spread out on the page. Horizontal 

direction was defined as moving one or both hands either left to right or right to left.  

Vertical direction was defined as moving one or both hands top to bottom or bottom to 

top.  A circular direction was defined as moving one or two hands in a clockwise or 

counterclockwise movement.  Random direction was defined as moving one or both 

hands in an unsystematic direction across the page.    

      Fifty-eight problems were observed; two problems from one student were not 

observed due to video corruption.  In the 58 problems observed, students used horizontal 

direction 60% of the time, random direction 26% of the time, circular direction 12% of 

the time and vertical direction 2% of the time.  It was interesting to note that the student 

who primarily used only one hand to access information from the tactile graphics used a 

horizontal direction for all of his math problems.  Of the 60% of movements in a 

horizontal direction, students used a secondary vertical exploration component as well 

(34%), though this was not as prevalent as the horizontal direction. 

     Other interesting features are that two students used talking calculators to assist with 

computation for one-two math problems and that no braille students used an abacus to 
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assist with computation.   80% of the students wrote directly in the test booklet.  None of 

the students used ―scratch‖ paper to assist with math test completion.   

     This exploratory study had mixed results based on statistical evidence of five research 

questions.   Wide variations existed in how TVIs administered math graphical test items 

to their students. Teachers used different criteria in determining when to use verbal 

description or hand guidance with their students.  Teachers who did provide a verbal 

description used different approaches of providing information to their students. There 

was no statistical significance regarding difficulty of type of math graph used in this 

study.  There was a strong, positive relationship between time needed for the total test 

and teacher variation scores for braille students. 
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CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

Introduction 

     Testing accommodations are can help students with alternative learning needs 

participate equitably in statewide standardized assessments.  Accommodations are 

changes in testing materials or procedures that allow students with disabilities to 

participate  in learning experiences, including standardized testing and demonstrate their 

knowledge and abilities on statewide assessments (Thurlow and Bolt, 2001).   While 

extensive research in the area of testing accommodations for students with disabilities has 

been completed (Thompson, Blount & Thurlow, 2002), little research has been conducted 

with students with visual impairments or students with visual impairments and additional 

disabilities.   

     Braille and large print presentation are accommodations that allow visually impaired 

students equal access to the testing environment.  Math graphic test items can be 

administered using tactile or large print graphics.  As indicated by data from the National 

Center on Educational Outcomes (NCEO), six states from the 2006-2007 school year 

have state accommodation policies that allow tactile graphics with no restrictions.  Of 

these six, three states have an additional accommodation of verbal or word description for 

math diagrams and graphs that are allowed for students with blindness or low vision.  No 

guidelines or training are given in regards to implementing these verbal descriptions to 

the student from the three states.   
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     Since no consistent guidelines for verbal guidelines for verbal description of graphics 

exist, there was a need for exploration of how graphic items are being administered.  Data 

from this exploratory study of graphic test items showed wide variations among 

assistance provided by teachers who administered mathematical test items with graphics 

to their students.  Some teachers offered no assistance while others assisted students in a 

variety of ways. A few teachers were adamant that no help could be given while others 

were unclear about how much assistance could be given when administering a 

standardized test.  Of the teachers who provided assistance, teacher initiation and detail 

description were the most prevalent behaviors.  Of the three teachers who provided 

assistance to students using tactual graphics, all three used different approaches when 

providing verbal or physical assistance to their student. One of the teachers coached the 

student during the math item completion, another only provided assistance if the student 

initiated help and the third teacher appeared to use a combination approach of both 

coaching the student and waiting until student asked for assistance. 

Discussions 

      In most of my observations in this study, teachers initiated assistance with no cues 

from the student.  This may suggest that some teachers may be providing too much 

direction and instead of waiting for a student initiation or that teachers already assume 

that the student cannot answer the math question on their own.  If teachers’ prior 

knowledge of student math levels is influencing their input, this may bias my test 

conditions.  For the majority of the teacher-initiated responses, teachers gave information 

on a specific detail of the math graphic. Teachers who provided a verbal description of a 
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math graphic gave details rather than a whole picture description.  With a detail 

description, students may not have been clear concerning what the problem was asking 

and if provided with a whole picture description, students may have had a more 

comprehensive idea of what the math problem was asking.  If teachers had waited for 

student initiation, students may have asked for different types of detail about the graphic 

rather than what the teacher provided. 

     Students who interacted verbally with the teacher, predominantly asked for 

clarification of the math graphic itself or for an explanation of the math problem.  When 

some of the students asked for an explanation of what the math problem was asking, 

teachers were providing were information than just access to the math graphic.  Students 

mainly did this after teacher initiation instead of initiating a question or clarification 

themselves. This could be due to students not having adequate experience with tactile 

graphics or struggling with more complex tactile graphics that are ―visual‖ in nature.  

One of the test item questions I used for braille students consisted of six pages due to the 

complexity of the graph itself, the same question in print was on one page.  Bolt and 

Thurlow (2004) identify certain math items are difficult for students tested in braille 

including items that include certain figures and graphs that students with visual 

impairments have difficulty comprehending.  My findings in this study corroborated their 

report.   

     When asked about how they made decisions with students using tactile graphics, many 

teachers stated they used observations as a means of determining the amount and type of 

teacher assistance with hand movement, i.e. if a student is having difficulty locating a 
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certain graphic detail or is not on the correct part of graphic.  One teacher commented, ―I 

can’t in good conscience not give verbal descriptions, it’s not fair to kids with some of 

the math problems.‖  The same teacher stated she wished there were guidelines for 

providing verbal descriptions to students in her particular state.  This teacher provided the 

most teacher assistance in this study, in a coaching/instructional mode; however, her 

student did not pass the test.   Student prior knowledge of the math material was another 

way teachers based whether or not teacher assistance was required.  

     For students who used large print math graphics, teachers commented that they 

ensured the student who used large print had the necessary equipment and materials 

needed for test completion. Others teachers stated that they will provide additional verbal 

description for a student using large print based on student observation or by asking the 

student if they require assistance.  Some teachers stated that they give teacher assistance 

to the student who used large print depending upon their visual functioning, if the student 

is physically struggling with viewing the test.  Overall, teachers stated that they provide 

more support for students using tactile graphics then large print graphics due to the visual 

nature of the math problem.   

     No statistical significance was found within and between braille and large print groups 

with regard to teacher variation, student variation, and scores on test items using a one-

tail t-test.  However, for both the teacher variation and student variation statistical 

analyses, the P Critical was only slighter greater (0.07) than the alpha set of 0.05.  It is 

possible that if a statistically larger sample size of 30 or greater were collected, the results 

would have been different.  A statistical significance between the braille and large print 
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students regarding teacher and student behavior may have emerged if there had been a 

larger, more statistically representative sample size.  Teachers did provide more 

assistance for students using tactual graphics than large print graphics due to the 

complexity of graphical elements than did teachers who administered the test in large 

print. 

     The comparison between braille and large print scores, with a P critical score of 0.264, 

strongly suggests no difference between the average score of these two groups.  The 

average test score of both groups was 50%, with the mean score of the braille group at 

45% and mean score of large print score at 55%.  In my study, all the teachers rated the 

students being at grade level in math.  In actuality, the students may not have been at 

grade level and this would have placed them at a disadvantage when completing test 

items.  Teacher judgment may have based the math grade level on day to day 

performance which includes revisions with work instead of a testing situation.   If 

visually impaired students begin to lag in their math skills at an early age, this will 

continue to interfere in their ability to sustain grade level math through their school career 

including college math classes. 

     When analyzing the relationship between correct answers on the test and teacher 

variation scores and for total test time needed and teacher variation scores, a Pearson 

correlation was used.  The comparison of test score and teacher variation scores yielded  

a  correlation score of 0.10  (r = 0.10) which is a weak, positive relationship.  When 

examining total test time and teacher variation,  a correlation score of 0.84  (r = 0.84) 

was obtained; however, three out of four teacher variation scores were for students using 
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braille and tactile graphics and time needed for this test was a mean of 33.69 minutes 

versus mean of large print time of 11.81 minutes. In other words, students using tactile 

math graphics in this study needed about three times the amount of time as students who 

used large print graphics.  This increased time is typical for students using braille and 

tactual graphics in both an instructional and testing situation. 

     This study consisted of 12 math problems but for state standardized testing in general 

there are many more math questions.  Fatigue by the braille student is of concern when 

completing the standardized tests and it can take the students several hours to complete 

the same exam than their sighted peers complete in much less time.  One teacher in the 

study commented, ―It’s really frustrating to do the state math  standardized testing 

because it is so visual and it takes my students four-five  hours to do.”  A correlation 

within the braille group itself, revealed a strong, positive relationship (r = 0.88) between 

time needed for the test and teacher behavior variation scores. Possible variables for this 

relationship may be the teachers needed more time to detail descriptions and use gestures, 

and the students needed more time to understand the tactile graphic itself.  Another 

variable that may have affected this positive relationship is that the braille version of the 

test consisted of 22 pages due to a greatest amount of space needed to adapt test to braille 

and tactile graphics.  The large print version of the test had 12 pages.   

      An analysis of variance (ANOVA) test of repeated measures was used to determine if 

there was any statistical significance between six math graph types used in this study. 

This analysis did not show a statistical significance since the resulting difference of 0.562 

was greater than alpha p > 0.05.  Out of the six math graph types, scatter plots, line 
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graphs, and Cartesian Coordinate graphs required the most teacher assistance for students 

using tactile graphics.  In this study, there was no difference in student performance with 

regards to type of math graph. 

     Both groups of students made the most errors with circle graphs, but this could have 

been due to lack of prior math knowledge rather than difficulty with the math graphic 

itself.  For example, with one circle graph problem, students needed to know that the 

circle is comprised of 360º most errors indicated that students thought that a circle was 

comprised of 300º.   

     There are a variety of ways to produce tactile graphics and there is currently no 

standard within the field. A poorly adapted math graph will interfere with a student’s 

ability to interpret it and obtain the correct information from the graph.  Though this 

study concentrated on mathematical graphics, tactual students use graphs in other courses 

such as science, social studies, economics and some elective courses.  Not being able to 

interpret graphs correctly will negatively impact other subject areas as well.  There are 

ongoing research efforts to establish what type of tactile graphic adaptations is best for a 

student who uses a tactual approach to their learning.   Suggestions have been made for 

producing superior graphics through organizations in the visual impairment field. 

     The practice of using accommodations is not universally implemented in every state.  

States have different restrictions on what type of accommodation can be used for students 

with disabilities.  In most state policies, criteria for making decisions about 

accommodations are different as commented in the studies reviewed by Thurlow et al. 

(2005).  This places students with visual impairments at a disadvantage when moving 
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from one state to another.  The student may be allowed one accommodation such as a 

verbal description on a math graph in one state but is not allowed this same 

accommodation in another.  This could also carry over into the student’s post-secondary 

high school pursuits.  Students may have been allowed certain accommodations in high 

school but not in college. 

     Hand movements of braille students were also observed during math item test 

completion.  90% of the students used either both hands or mostly both hands when 

exploring the tactile graphic math problem.  A horizontal movement was the primary 

direction used, two of the twelve math problems were a number line (inequality) graph 

which were the only graphic that required mainly horizontal scanning for interpretation. 

Of the 60% of the time that horizontal directions were used, students also used a 

secondary vertical exploration component as well (34%), though this was not as prevalent 

as the horizontal direction.  In a literature review completed by Wright, Harris & Sticken 

(2010) the most effective tactual search patterns were discussed.  A vertical search 

pattern with one hand was mentioned as the most effective way to obtain information 

from tactual maps. In my study, students predominantly used a horizontal direction with 

two hands which contradicts the best possible tactual scanning use. 

Implications 

     Though there has been much research in the area of testing accommodations, little 

research has been conducted in the area of visual impairment and mathematics.  Bolt and 

Thurlow (2004) describe that certain math and science items are difficult for students 

tested in braille including items that include certain figures and graphs that students with 
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visual impairments have difficulty comprehending.  Due to a student’s blindness or low 

vision, the student is unable to see figures and graphs on math tests and therefore has 

difficulties comprehending what the test question is asking.  Landau, et al (2003) 

surmised that accommodations given for students with visual impairments are more 

useful and valid for language-arts tests than for mathematics tests due to the complexity 

of the graphical elements with math and science testing.  My study supported the 

difficulty of math graphics in a testing setting.  

      In my study, I had great difficulty locating high school participants with blindness or 

low vision.  This is typical for research involving participants with a sensory impairment.  

One of the reasons could have been my criteria of high school participants at or close to 

grade level in the area of mathematics.  Another reason is that visual impairment is a low 

incidence disability and frequently a student with a visual impairment may have an 

additional disability.  

     In this study, students with visual impairments had low math scores overall for the 

graphics items, which supported the literature with regard to difficulty of graphics. With 

a score of 50% average, this implies the students’ math level is deficient as compared to 

their sighted peers regardless of which state data and observations were collected.  They 

may not have had sufficient prior knowledge of certain mathematical concepts or 

difficulty with the math graphic itself.  Only four of the students in this study received 

any additional teacher assistance and of those four only one student received what would 

be considered a passing high school math score. This particular student received the least 

amount of teacher assistance comparing the braille students.  The teacher providing the 
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assistance only provided help when the student initiated asking for assistance.  Even with 

teachers providing additional verbal description, students overall did poorly.  

     Teachers varied widely with what assistance, if any, they provided for their students.  

90% of teachers interviewed said that the only training they received was during their 

college teacher preparation coursework in the area of administering standardized testing 

for students with visual impairments.  In addition, no guidelines for verbal description 

were provided for teachers of the visually impaired in the states where this study was 

conducted.  This indicates that more teacher preparation in the area of standardized 

testing is needed and additionally, state guidelines and training be provided for teachers 

in the area of verbal description for mathematical graphics nationwide.  Without 

universal standards relating to these accommodations, it is unknown how verbal 

descriptions and other teacher assistance will affect the psychometric properties of 

mathematical standardized testing.  Accommodations vary from state to state and with no 

universal guidelines established and followed by teachers, it is difficult to ascertain 

whether there is a relationship between low math levels of students and absence of 

teacher assistance with standardized testing factor into poor performance in this study.  

These findings could also have implications for post-secondary students: if standardized 

tests for college acceptance are given with no assistance, then their scores may not be 

fairly compared with sighted peers or other blind students. 

     Apparently the type of math graphics did not influence the math scores overall in this 

study.  There was not a statistical significance indicating that students performed better 

with one type of graphic compared to another. It was not possible to ascertain whether 
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there was a relationship between difficulty with the math graphic type itself or limited 

prior mathematical knowledge influencing scores. 

Limitations, General Recommendations and Directions for Future Research 

     This study had several limitations.   The study was conducted with only 10 

teacher/student pairs.  For 6 of the 10 teacher/student pairs, no teacher variation or 

assistance was given.  The study was also conducted in three different states and 

standardized accommodations vary greatly from state to state. From one state’s 

Department of Education website, it is unclear if verbal descriptions are allowed.             

When interviewed concerning verbal descriptions, teachers from that state gave mixed 

answers about whether or not verbal assistance can be given.  Students in that state are 

rated as far as what accommodation they are able to receive through a committee.  

      Students ranged in grades from 9-12
th

 and may not have had mathematics instruction 

with a certain test item depending upon their math skill level.  No mathematics pretest 

was given to students and their math grade level was by teacher report only.  No 

comparative study was completed between students with visual impairments and their 

sighted peers regarding the mathematics test given.  Prior mathematical knowledge may 

also have been a factor when students answered math items incorrectly rather than 

difficulty with the math graphic itself.  For the students who used tactile graphics, there 

are a variety of ways to produce graphics and some students may not have been familiar 

with the type used in this study.  Additionally, videotaping of students and teachers may 

have negatively impacted the results of student achievement and teacher participation. 
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      It is recommended that future research be conducted in the area of tactile and large 

print mathematical graphics on a wider scale to determine why students are scoring low 

on these types of problems in order to determine and whether low test scores are the 

result of insufficient prior mathematical knowledge or math graphics interpretation.  

Conducting research in multiple states with a larger sample size would assist in building 

empirical evidence regarding mathematical levels with students with visual impairment.  

Building a database on mathematical levels of visually impaired students as they increase 

in grade level will help assess when they begin fall below their sighted peers in 

mathematical ability.  This would help establish guidelines and improved math 

instruction by teachers. It would also indicate whether there are changes in materials, 

such as increased use of graphics, at the time when scores begin to decrease.  

Additionally, this would also provide more accurate information on whether or not 

students with visual impairments are ready for post-high school mathematics and 

preparing them for college level mathematics. 

     Additional research should be conducted concerning verbal description of math 

graphics and whether or not a verbal description of the math graphic has an impact on 

improved math scores. The research should include if this is a fair and equitable 

accommodation for students with visual impairments.  Researchers need to examine 

whether verbal description in combination with adapted graphics will provide low vision 

and blind students with adequate information needed to complete required state 

assessments in a fair manner.  National guidelines should also be established for teachers 

of the visually impaired.  The state to state variability of accommodations allowed is very 
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problematic for students with visual impairments.  If teachers provide verbal descriptions 

as a testing accommodation, teacher training is a critical component standardized 

guidelines.  In addition, teachers should be allowed and encouraged to use the best 

medium in presentation of math standardized testing to students with visual impairment, 

whether it be in large print/braille, tactile, auditory or a combination of them. Future 

research should also address the styles and approaches teachers may use when providing 

verbal and physical assistance to students using tactual graphics and what type of teacher 

style best helps student without altering psychometric properties of the test itself. 

     With regards to hand movements of tactile students using graphics, further research 

should be conducted about the development of systematic tactile scanning and whether 

teachers of the visually impaired need to add to skills taught to students with visual 

impairments regarding tactile scanning.  For math, science and social studies tactile 

graphics, does a combination of hand movement directionality improve student 

comprehension of a particular graphic? 

Educators in the field of visual impairment should also look to further research on 

the feasibility of an alternate test when a student is required to complete test items that 

are considered ―too visual‖.  For students who use tactile graphics as their standardized 

testing, there is a myriad of possible difficulties in interpreting tactile elements on test 

items.  As students advance through grade levels, their tactile graphics become much 

more complex.  Students using tactual graphics may need to have specific instruction on 

interpreting of different types of problems involving graphical elements such as the 

instrumentation used in this study.  Educators should also further investigate whether 
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some graphs for students should be presented in an easier and less confusing format of 

tables.   

In summary, further information is needed about how to provide teachers of the 

visually impaired and their students best teaching practices when administering 

standardized mathematics testing.  There is a wide variance among teachers regarding 

teacher assistance to students with visual impairments when administering math items 

with graphical elements.   

States vary in what type of accommodation can be given to a student when 

completing standardized testing.  This study indicates that individual teachers also vary in 

the type and amount of assistance they provide during a test that includes tactile graphic 

items. Students with visual impairments continue to perform poorly in math items 

involving graphics when they receive accommodations.  In order for students of visual 

impairments to achieve similarly to their sighted peers, more comprehensive and uniform 

instruction about the use of appropriate accommodations in testing is vital. 
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Figure 1 math item example 

Darien wants to take the shortest route from her house to school. 

 

 

Which of the following routes is the shortest path for her to take? 

A  home store park school 

B  home Elena’s park school 

C  home store bike shop school 

D  home post office Elena’s school 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 

 

 1.  Points A, B, and C are on circle P. 

 

 
 

 
A. 280° 

B. 220° 

C. 160° 

D. 80°  
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Figure 7 

 

3.   

 

 

 
 

 

The cost of a ticket to Funland varies according to the season. Which of the following 

conclusions about the number of tickets purchased and the cost per ticket is BEST supported by 

the scatterplot above?  

 

A. The cost per ticket increases as the number of tickets purchased increases.  

B. The cost per ticket is unchanged as the number of tickets purchased increases.  

C. The cost per ticket decreases as the number of tickets purchased increases. 

D. There is no relationship between the cost per ticket and the number of tickets purchased. 
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Figure 8 

 

5.  The graph below shows Danielle’s speed, in miles per hour, during the 24 minutes she spent 

riding her bicycle one day. 
 

 
Which of the following is closest to the number of minutes that Danielle’s speed was greater than 14 

miles per hour? 

A. 3 

B. 9 

C. 18 

D. 21 
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Figure 9 
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APPENDIX A 

 

TEACHER CONSENT FORM 

 

Project Title: Teacher Variations When Administering Math Graphics Items to Students 

with Visual Impairments 

 

You are being invited to take part in the above titled research project.  The information 

in this form is provided to help you decide whether or not to take part.  Study personnel 

will be available to answer your questions and provide additional information.  If you 

decide to take part in the study, you will be asked to sign this consent form.  A copy of 

this form will be given to you. 

 

What is the purpose of the research study? 

 

The purpose of this project is to determine the types of variations teachers use when 

administering math graphics problems to students with visual impairments.   

 

Why are you being asked to participate? 

 

You are being invited because you meet all the participant criteria. To be eligible to 

participate, the student to whom you are assigned is a student who is identified as having a 

visual impairment based on the definitions from Individuals with Disabilities Education Act 

(IDEA), uses large print or braille as a reading medium, and is within one year grade level in 

the area of mathematics.  You must have a current teacher certification in the area of Visual 

Impairment as required by the state of Arizona. 

 

How many people will be asked to participate in this study? 

 

A total of 10 teacher/student teams will be enrolled in this study locally.  

 

What will happen during this study? 

 

The following information describes your participation in this study which will last one school 

visit approximately one hour: 

 Identification as an eligible study participant. 

 The Principal Investigator will conduct a basic file review to determine grade 

level, visual diagnosis, degree of visual impairment, age of onset of visual 

impairment and reading medium used. 

 The Principal Investigator or research assistant will you administering some math 

graphics problems to your student   during a one time session and collect data of 

you giving verbal descriptions and/or physical prompts during math problem 

completion.  
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 A research assistant on this study will be collecting data along side the Principal 

Investigator during some of the observations in order to ensure the data is 

collected correctly.  The Principal Investigator and/or research assistant will be 

responsible for data collection. 

 Data for your student and other study participants will be written up as part of a 

Doctoral Dissertation by the Principal Investigator, Christina Schoch.  All 

identifying information for each participant (i.e. students, teachers, parents) will 

be removed for this write-up.  Data may also potentially be submitted for 

publication at a later date.  Again, all identifying information for each participant 

will be removed and anonymity will be upheld. 

 

 

How long will I be in this study? 

 

Your participation will involve you working with a student completing a series of math 

graphic problems. The session will take approximately one hour and I will also interview you 

for about 30 minutes.. 

 

Are there any risks to me? 

 

The things that you will be doing have no more risk than that experienced during a regular 

school day.  Although we have tried to avoid risks, you may feel that some questions we ask 

you may be stressful or upsetting.  If this occurs you can stop participating immediately.   

 

Are there any benefits to me? 

 

You will not receive any direct benefit from taking part in this study.  

 

Will there be any costs to me? 

 

Aside from your time, there are no costs for taking part in the study.  

 

Will I be paid to participate in the study? 

 

You will be paid $20.00 for your participation. 

 

Will video or audio recordings be made of me during the study? 

 

The Principal Investigator would like to make an audio and video recording during the testing 

portion of the study so that we can be certain that your responses are recorded accurately.  

Only hands, no faces will be recorded during the observation session. Please check one of the 

boxes below: 
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I give my permission for audio and video recordings to be made of me during 

my participation in this research study. 

 

 

I do not give my permission for audio and video recordings to be made of me 

during my participation in this research study. 

 

 

Will the information that is obtained from me be kept confidential? 

 

Your records will be confidential. You will not be identified in any reports or publications 

resulting from the study. Representatives of regulatory agencies (including The University of 

Arizona Human Subjects Protection Program) may access your records.   

 

May I change my mind about participating? 

 

Your participation in this study is voluntary.  You may decide to not begin or to stop the study 

at any time.  You can discontinue your participation with no effect on your job role. Also any 

new information discovered about the research will be provided to you. This information 

could affect your willingness to continue your participation. 

 

Whom can I contact for additional information? 

 

You can obtain further information about the research or express concerns or complaints 

about the research by calling the Principal Investigator Christina Schoch, Ph.D. 

Candidate at (520) 490-9795 or Jane Erin, (520) 621-0945. If you have questions 

concerning your rights as a research participant, have general questions, concerns or 

complaints, or would like to give input about the research and can’t reach the research 

team, or want to talk to someone other than the research team, you may call the 

University of Arizona Human Subjects Protection Program office at (520) 626-6721.  (If 

out of state use the toll-free number 1-866-278-1455.) If you would like to contact the 

Human Subjects Protection Program via the web, please visit the following website: 

http://www.irb.arizona.edu/contact/. 

 

 

 

Your Signature 
 

By signing this form, I affirm that I have read the information contained in the form, that the 

study has been explained to me, that my questions have been answered and that I agree to take 

part in this study.  I do not give up any of my legal rights by signing this form. 

 

__________________________________ 

http://www.irb.arizona.edu/contact/
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Name (Printed) 

 

__________________________________   ______________ 

Participant’s Signature      Date signed 

 

 

 

 

 

 

 

 

 

 

Statement by person obtaining consent 

 

I certify that I have explained the research study to the person who has agreed to participate, 

and that he or she has been informed of the purpose, the procedures, the possible risks and 

potential benefits associated with participation in this study.  Any questions raised have been 

answered to the participant’s satisfaction. 

 

__________________________________ 

Name of study personnel 

 

__________________________________   _______________ 
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APPENDIX B 

 

MINOR’S ASSENT FORM 
 

Title of Project: Teacher Variations When Administering Math Graphics Items to 

Students with Visual Impairments 

 

I am asking for your participation in a research project about math graphics problems 

with students with visual impairments.  The goal of this research project is to better 

understand how teachers of the visually impaired assist their students during mathematics 

testing. You will be completing twelve math problems involving graphics with your 

teacher.  Your participation will greatly help with achieving this goal.  The math scores 

will not be recorded in any way and grades will not be sent to your teacher or school.  

You will receive a $10.00 gift card for compensation of your time.  You do not have to be 

in this research study and you can stop at any time.  

Do you have any questions?  

 

□ I give permission to being video and audio taped. 

 

□ I  do not give permission to being video and audio taped. 

 

_______________________________________                                                                      

Child's Name 

 

_______________________________________                                                                      

Child’s Signature   Date 

 

_______________________________________ 

Presenter’s Signature  Date 

 

_______________________________________                                                                      

Investigator's Signature           Date 
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APPENDIX C 

 

MINOR’S ASSENT FORM 
 

Title of Project: Teacher Variations When 

Administering Math Graphics Items to Students with 

Visual Impairments 

 

 

I am asking for your participation in a research 

project about math graphics problems with students 

with visual impairments. The goal of this research 

project is to better understand how teachers of the 

visually impaired assist their students during 

mathematics testing.  You will be completing twelve 

math problems involving graphics with your teacher.   

Your participation will greatly help with achieving this 

goal.  The math scores will not be recorded in any 

way and grades will not be sent to your teacher or 

school.  You will receive a $10.00 gift card for 
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compensation of your time.  You do not have to be in 

this research study and you can stop at any time.  

Do you have any questions?  

 

 

□ I give permission to being video and audio taped. 

 

□ I do not give permission to being video and audio    

taped. 

 

 

 
 

 

 

 

 

 

_______________________________________                                                                      

Child's Name 

 

_______________________________________                                                                      

Child’s Signature   Date 

 

_______________________________________ 

Presenter’s Signature  Date 

 

_______________________________________                                                                      

Investigator's Signature           Date 
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APPENDIX D 

 

PARENT/LEGAL GUARDIAN PERMISSION FORM 

 

Project Title: Teacher Variations When Administering Math Graphics Items to Students 

with Visual Impairments 

 

You are being asked to read the following material to ensure that you are informed 

of the nature of this research study and of how your child will participate in it, if 

you permit him/her to do so.  Signing this form will indicate that you have been so 

informed and that you give your permission.  Federal regulations require written 

informed consent prior to participation in this research study so that you can know 

the nature and risks of your child’s participation and can allow him/her to 

participate in a free and informed manner. 

 

PURPOSE 

Your child is being invited to participate voluntarily in the above-titled research project.  

The purpose of this study is to determine the amount of verbal description or physical 

prompting a teacher gives to a student with a visual impairment when administering math 

graphics items. 

 

SELECTION CRITERIA 

The Principal Investigator will discuss the requirements with you.  To be eligible to 

participate, you child is a student who is identified as having a visual impairment based 

on the definitions from IDEA, may have the following disabilities: Specific Learning 

Disability, other health impairment, speech and language, uses braille or large print, 

receives services from a teacher of the visually impaired by a Individualized Education 

Plan (IEP), is within one year grade level in the area of mathematics and is in grades 9-

12.  

 

NUMBER OF PARTICIPANTS 

A total of 10 teacher of the visually impaired/student teams will be enrolled in this study 

locally.  

 

 

PROCEDURES 

The following information describes your child’s participation in this study in this study 

which will be one school visit. 

 Identification as an eligible study participant. 

 The Principal Investigator will conduct a basic special education compliance file 

review to determine grade level, visual diagnosis, degree of visual impairment, 

age of onset of visual impairment and reading medium used. 
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 The Principal Investigator or research assistant will observe the teacher of the 

visually impaired administering some math graphics problems to your child  

during a one time session and collect data of teacher giving verbal descriptions 

and/or physical prompts during math problem completion. This may be conducted 

during your child’s regular class time unless there is a more convenient time 

outside of regular class hours. 

 A research assistant on this study will be collecting data along side the Principal 

Investigator during some of the observations in order to ensure the data is 

collected correctly.  The Principal Investigator and/or research assistant will be 

responsible for data collection. 

 Data for your child and other study participants will be written up as part of a 

Doctoral Dissertation by the Principal Investigator, Christina Schoch.  All 

identifying information for each participant (i.e. students, teachers, parents) will 

be removed for this write-up.  Data may also potentially be submitted for 

publication at a later date.  Again, all identifying information for each participant 

will be removed and anonymity will be upheld. 

 

LENGTH OF PARTCIPATION 

The length of participation will be approximately one hour. 

 

RISKS 

This is a minimal risk study, your child will not be at any greater risk than during a 

normal school day. 

 

BENEFITS 

There is no direct benefit to your child from his/her participation. 

 

RECORDS 

You child’s special education compliance records will be reviewed. 

 

AUDIO/VIDEO RECORDING 

Your child and teacher will be video and audio recorded in order to provide responses to 

the math problems.   Only your child’s hands will be video-recorded with no face 

showing. 

 

CONFIDENTIALITY 

All records relating to the research study will be kept confidential, consistent with the 

Family Educational Rights and Privacy Act. (FERPA).  This means the document will be 

kept secure with the Principal Investigator.  Only the Principal Investigator, research 

assistant, and faculty advisor will have access to viewing any records associated with the 

study.  All student names will be kept confidential.  Pseudo-names will be applied to all 

participants in the write up and dissemination of this study. 
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Representatives of regulatory agencies (including the University of Arizona Human 

Subjects Protection Program) may access study records to ensure quality of data and 

study conduct. 

 

During your child’s participation in this research study, I will be accessing your child’s 

school records and will do a comprehensive review of their school file to verify that study 

criteria is met, to find out your child’s grade level, the degree of their vision loss, their 

age at onset of vision less, and reading medium.  I will do this only if you check the box 

below: 

 

 I give my permission for my child’s school records to be accessed and used as 

stated above. 

 

 I do not give my permission for my child’s school records to be accessed and used 

as stated above. 

 

The Principal Investigator would like to make an audio and video recording during the testing 

portion of the study so that we can be certain that your responses are recorded accurately.  

Only hands, no faces will be recorded during the observation session. Please check one of the 

boxes below: 

 

 I give permission for my child to be audio and video recorded during this research 

study. 

 

 I do not give permission for my child to be audio and video taped during this research 

study. 

 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 

There is no cost to you or your child for participating.  The observations will not interfere 

with your child’s educational program.  If your child participates in this study outside of 

class it will take approximately an hour of your child’s time.  Your child will receive a 

$10 gift card. 

 

WITHDRAWING FROM PARTCIPATION 

Your child’s participation in this study is voluntary.  You may decide for your child to 

not begin or to stop the study at any time.   Your refusing to participate will have no 

effect on your child’s grade at school.  You can discontinue your child’s participation 

with no effect on his or her student status. Also any new information discovered about 

the research will be provided to you. This information could affect your willingness to 

continue your permission for your child to participate. 
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CONTACTS 

You can obtain further information about the research or express concerns or complaints 

about the research by calling the Principle Investigator, Christina Schoch, PhD. 

Candidate, at (520) 490-9795.  If you have any questions concerning your rights as a 

parent of a research participant, have general questions, concerns, or complaints or would 

like to give input about the research and cannot reach the research team, you may call the 

University of Arizona Human Subjects Protection Program office at (520) 626-6721. (If 

out of state use the toll-free number 1-866-278-1455.)  If you would like to contact the 

Human Subjects Protection Program via the web, please visit the following website: 

http://www/irb.arizona.edu/contact/. 

 

AUTHORIZATION 

Before giving my consent by signing this form, the methods, inconveniences, risks, 

and benefits have been explained to me and my questions have been answered.  I 

may ask questions at any time and I am free to withdraw my child from the project 

at any time without causing bad feelings.  My child’s participation in this project 

may be ended by the investigator for reasons that would be explained.  New 

information developed during the course of this study which may affect either my 

willingness or that of my child to continue in this research project will be given to 

me as it becomes available.  This consent form will be filed in an area designated by 

the Human Subjects Protection Program with access restricted by the Principal 

Investigator, with access restricted by the Principal Christina Schoch, PhD. 

Candidate at (520) 490-9795 or authorized representative of the Education 

Department.  I do not give any of my child’s legal rights by signing this form.  A 

copy of this signed consent form will be given to me. 

 

 

_____________________________________ 

Subject’s Name (printed) 

 

 

_____________________________________  ______________ 

Parent/Legal Guardian’s Signature    Date 

 

 

 

 

 

 

 

 

 

 

http://www/irb.arizona.edu/contact/
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INVESTIGATOR’S AFFIDAVIT: 

Either I have or my agent has carefully explained to the parent/legal guardian of the 

subject the nature of the above project.  I hereby certify that to the best of my knowledge 

the person who signed this consent form was informed of the nature, demands, benefits, 

and risks involved in his/her child’s participation. 

 

_________________________________________   ______________ 

Signature of Presenter       Date 

 

 

 

_________________________________________   _______________ 

Signature of Investigator      Date 
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APPENDIX E 

 

TEACHER RECRUITMENT LETTER 

 

Teacher Variations When Administering Math Graphics Items to Students with Visual 

Impairments 

 

Date 

 

Dear                     , 

 

My name is Christina Schoch and I am a doctoral student in the Special Education 

program at the University of Arizona.  I am conducting a study titled ―Teacher Variations 

When Administering Math Graphics Items to Students with Visual Impairments”. You are 

being contacted because your student has been identified as meeting the selection criteria 

for the study. 

 

I would like to invite you to have your student participate in my research study.  Enclosed 

are the details of the study and what would be expected of you.   I encourage you to read 

through the enclosures and then contact me to answer any follow-up questions that you 

might have.  If you choose to contact me and would like for your student to participate, 

you will be asked to sign a written document providing consent for your participation. 

Please understand the consent would not be a binding contract and that you can withdraw 

from the study at any time.   

 

If you are interested, please contact me at (520) 490-9795. 

 

Sincerely, 

 

 

 

Christina Schoch 

Doctoral Candidate  

College of Education 

University of Arizona 

Tucson, Arizona 

 

Encl:  Teacher Recruitment Materials  
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APPENDIX F 

 

PARENT RECRUITMENT LETTER 

 

Teacher Variations When Administering Math Graphics Items to Students with Visual 

Impairments 

 

Date 

 

Dear Parent(s), 

 

My name is Christina Schoch and I am a doctoral student in the Special Education 

program at the University of Arizona.  I am conducting a study titled ―Teacher Variations 

When Administering Math Graphics Items to Students with Visual Impairments”. You are 

being contacted because your child has been identified as meeting the selection criteria 

for the study. 

 

I would like to invite you to have your child participate in my research study.  Enclosed 

are the details of the study and what would be expected of you, your child, and your 

child’s teacher.  I encourage you to read through the enclosures and then contact me to 

answer any follow-up questions that you might have.  If you choose to contact me and 

would like for your child to participate, you will be asked to sign a written document 

providing permission for your child’s participation.  I, along with a staff member familiar 

to your child, will also explain the process to your child and will ask him or her if he or 

she agrees to participate.  Please understand that neither the permission nor assent would 

be a binding contract and that you can withdraw your child from the study at any time.  

Participation in this study will not interfere with your child’s access to services within the 

school setting. 

 

If you are interested, please contact me at (520) 490-9795 or csschoch@comcast.net.  

 

Sincerely, 

 

 

 

Christina Schoch 

Doctoral Candidate  

College of Education 

University of Arizona 

Tucson, Arizona 

 

Encl:  Parent Recruitment Materials  

 

mailto:csschoch@comcast.net
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APPENDIX G 

 

SITE AUTHORITZATION LETTER 

 

Teacher Variations When Administering Math Graphics Items to Students with Visual 

Impairments 

 

 

 

DATE 

 

Christina Schoch 

8491 N. Redstone Pl. 

Tucson, AZ 85743 

 

Dear Christina, 

 

I have reviewed your request regarding your study and am pleased to support your 

research project entitled ―Teacher Variations When Administering Math Graphics Items 

to Students with Visual Impairments‖. Your request to use school name as a research or 

recruitment site is granted. I understand that the research will include direct observation 

in the regular or special education classroom as well as interviewing the teacher outside 

of the classroom. This authorization covers the time period of ______to ______. We look 

forward to working with you. 

 

Sincerely, 

 

 

Name 

Title 
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APPENDIX H 

 

STUDENT DEMOGRAPHIC FORM 

 

Student Name: ____________________________________ 

Teacher Name: ____________________________________ 

Date of Birth: _______________  Grade: ___________   Sex:____________ 

Ethnicity: ___________________  School/Agency:_____________________ 

Visual Impairment:______________________________________________________ 

_______________________________________________________________________ 

Visual Acuity: RE _______________   LE ____________________ 

Peripheral Loss: RE _____________   LE ____________________ 

Additional Disabilities: ___________________________________________________ 

Reading Medium: ____________________________________ 

Amount of VI service hours per IEP: ____________________ 

Math grade level: _____________________________________ 
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APPENDIX I 

 

TEACHER TECHNIQUE CHECKLIST 

 

Problem #:

Behavior
Likert 

Score
Comments

Low

Medium Low

Medium

Medium High

High

Low

Medium Low

Medium

Medium High

High

Low

Medium Low

Medium

Medium High

High

Low

Medium Low

Medium

Medium High

High

Low

Medium Low

Medium

Medium High

High

Low

Medium Low

Medium

Medium High

High

Low

Medium Low

Medium

Medium High

High

Teacher Initiation

Whole Picture 

Description

Detail Description

Pointing/ Other 

Gestures 

Hand Guidance

Teacher Response 

after Student Initiation

Read Problem
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APPENDIX J 

 

STUDENT TECHNIQUE CHECKLIST 

 

Problem #:

Behavior
Likert 

Score
Comments

Low

Medium Low

Medium

Medium High

High

One Hand

Mostly One Hand

Alternates Between 

Two Hands

Mostly Two Hands

Two Hands

One Hand

Mostly One Hand

Alternates Between 

Two Hands

Mostly Two Hands

Two Hands

Low

Medium Low

Medium

Medium High

High

Low

Medium Low

Medium

Medium High

High

Student Initiation

Teacher Response 

after Student Initiation

Pointing / Other 

Gestures

Questioning/ 

Clarifying

Vertical        Horizontal         Circular         Random

Reads Problem 

Outloud
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APPENDIX K 

 

TEACHER INTERVIEW FORM 

 

 

Script: Thank-you very much for participating in my study with math graphics.  I have 

six questions I would like to ask you concerning your administration of tactual or large 

print graphic math test items to your visually impaired students.  

 

 

1. How many years have you been teaching students with visual impairments? 

________________________________________________________________________ 

2. What type of training have you received on completing assessments with students with 

visual impairment? 

________________________________________________________________________ 

3. When using tactile graphics with a student, how do you decide what assistance if any, 

they need to assist them with math item completion? _____________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

4. When using large print graphics with a student, how do you decide what assistance if 

any, they need to assist them with math item completion? _________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

5. Do you use the additional accommodation of verbal description of a large print or 

tactile graphic with a student during standardized testing? _________________________ 

6. Why or why not? _______________________________________________________ 

________________________________________________________________________ 
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________________________________________________________________________ 

7. Any other comments? ___________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 
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APPENDIX L 

 

SCRIPT 

 

Hello, my name is Christina Schoch. I am a doctoral student at the University of Arizona, 

in Tucson. Thank you so much for helping me conduct this research project on math 

graphics.  I will be using a video camera but will only be filming your hands.  I also have 

an audio recorder just in case my camera cannot pick up on what you two are saying.   

To Teacher: I have 12 math problems I would like to you to administer to your student, 

____________.  Please give your student the same assistance you would normally give 

her/him during standardized testing including any verbal description your student may 

need for the math graphics. 

To Student:  I will not be grading these problems and turning them into your school.  

When marking down your answers, please complete the problems the way you normally 

would on a test.  This can be either marking in the booklet, or write down your answers 

on paper, braillewriter or braille notetaker.  

To Student: You will not need any formulas to complete the problems.  You can use 

scratch paper as you normally do for math tests. 

To Both: Do you have any questions? 

To both after completion:  Thank you so much for your time in helping me complete 

this research project.  If you have any questions, I am leaving my contact information 

with you. 
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APPENDIX M 

 
MATH PROBLEMS 

 

 

 1.  Points A, B, and C are on circle P. 

 

 
 

 
A. 280° 

B. 220° 

C. 160° 

D. 80° 
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2.  Which of the following graphs represent the solution of the inequality below? 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.   
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The cost of a ticket to Funland varies according to the season. Which of the following 

conclusions about the number of tickets purchased and the cost per ticket is BEST 

supported by the scatterplot above?  

 

A. The cost per ticket increases as the number of tickets purchased increases.  

B. The cost per ticket is unchanged as the number of tickets purchased increases.  

C. The cost per ticket decreases as the number of tickets purchased increases. 

D. There is no relationship between the cost per ticket and the number of tickets 

purchased. 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.  In the diagram below, lines k, m, and n are parallel lines intersected by line p. 
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Line p is not perpendicular to lines k, m, and n.  

Which of the following angles has a measure that is not equal to the measure of ∠1? 

 

A. ∠2 

B. ∠3 

C. ∠4 

D. ∠5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.  The graph below shows Danielle’s speed, in miles per hour, during the 24 minutes she 

spent riding her bicycle one day. 
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Which of the following is closest to the number of minutes that Danielle’s speed was greater 
than 14 miles per hour? 

A. 3 

B. 9 

C. 18 

D. 21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.  If trapezoid KLMN shown below is reflected across the x-axis to form 

trapezoid K’L’M’N’, what are the apparent coordinates of M’? 
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A. (–4, 5) 

B. (–4, –5) 

C. (4, –5) 

D. (4, 5) 

 

 

 

 

 

 

 

 

 

 

 

7.  The circle graph below shows the distribution of the ages of 24 team members. 
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What is the median age, in years, of the team members? 

A. 15 

B. 16 

C. 17 

D. 18 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.  The graph below is the solution of which of the following inequalities? 
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A. |x| > 10 

B. |x| < 10 

C. x < 10 

D. x < -10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.  Beth drew a scatter plot and then correctly drew the line of best fit for her scatter plot. The 

line of best fit had a slope of 2. Which of the following is most likely Beth’s scatter plot? 
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10.  Line t intersects parallel lines l1 and l2, as shown below. 
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 According to the information provided, which of the following pairs of angles are not 

always congruent? 

 

A. Same-side interior angles 4 and 5 

B. Alternate interior angles 3 and 5 

C. Corresponding angles 2 and 6 

D. Vertical angles 5 and 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.  A small business purchased a van to handle its delivery orders. The graph below 

shows the value of this van over a period of time. 
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 Which of the following best describes this situation? 

 

A. The van was purchased for $1,600. 

B. The van decreases in value by $1,600 per year. 

C. The van increases in value by $1,600 per year. 

D. The van has no value after 5 years. 

 

 

 

 

12. Trapezoid ABCD below is to be translated to trapezoid A’B’C’D’ by the following motion  

rule. 
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What will be the coordinates of vertex C′?  

 
A. (1, -3) 

B. (2, 1) 

C. (6, 1) 

D. (8, -3) 
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INTER-RATER RELIABILITY

Inter-rater Reliability Per Math Problem

Problem 1 1 2 3 4 5 6 7 8 9 10 11 12

Teacher Variation 100% 100% 100% 100% 86% 100% 100% 100% 86% 100% 100% 100%

Student Variation 100% 75% 100% 75% 75% 100% 75% 75% 100% 100% 100% 75%

Problem 2

Teacher Variation 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Student Variation 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
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