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School texts today contain many more graphic representations of information that was contained in similar texts in the past.  This presents a unique challenge for students who are blind or visually impaired as they work in inclusive environments and interact with teachers and classmates using these texts. 

One issue that consistently arises in discussions regarding tactile graphics is the possibility of standardizing certain graphics to provide clarity and consistency in displayed information.  While most producers believe that there is room for variety and creativity in graphic representation, there is also a recognition that consistency may add to efficiency for students using these documents.

The project described in this presentation examines a variety of tactile diagrams.  This was a part of a bigger project conducted by the Canadian Braille Authority (CBA) designed to investigate and possibly develop standards for tactile graphics.  This research specifically focused on isolated tactile symbols and a variety of production methods.  The symbols were divided into six modules developed collaboratively by members of the Tactile Graphics subcommittee of the English Braille Standards and the Braille Teaching and Learning Committee of CBA and members of the Tactile Graphics Technical Committee of the Braille Authority of North America (BANA) and each module was presented using at least two different production methods. Questions were developed for each module and address such issues as the detail of graphics, identification of the graphic, ease or difficulty in interpreting the graphic and preference for graphic or production method.

Since hand-produced Thermoform-able diagrams have been widely used throughout North America, each module was produced using either Brailon or Heavy Thermoform Plastic.  They were also produced in one of the four computer-designed media (Flexi-Paper, Swell-Touch, Graphtact or Tactile Vision). The media for each module were chosen by random draw. The following is a list of all modules and production methods:

· Module 1A: Polygons (Zy-Tex Swell-Touch and Heavy Thermoform Plastic)

· Module 1B: Point Symbol Size (Flexi-paper and Brailon Thermoform Plastic)

· Module 2A: Arrow Lines and Heads (Graphtact Plotted Ink Image and Heavy Thermoform Plastic)

· Module 2B: Measurement Indicators and Labels (Graphtact Plotted Ink Image and Brailon Thermoform Plastic)

· Module 3A:  Textures (Flexi-paper and Brailon Thermoform Plastic)

· Module 3B: Emedded Symbols and Labels (Tactile Vision Offset Ink, Heavy Thermoform Plastic, APH Press Braille)

· Module 4A:  Line Strengths (Flexi-paper and Heavy Thermoform Plastic)

· Module 4B: Crossed Lines (Flexi-paper and Brailon Thermoform Plastic)

· Module 5A: Bar Graph (Tactile Vision Offset Ink and Brailon Thermoform Plastic)

· Module 5B: Line Graph (Tactile Vision Offset Ink and Brailon Thermoform Plastic)

· Module 5C: Complex Graph (Zy-Tex Swell Touch Paper and Brailon Thermoform Plastic)

· Module 6: Pictures (Zy-Tex Swell-Touch Paper, Tactile Vision Offset Ink, Brailon or Heavy Thermoform and APH Press Braille)

This presentation will examine three sub-sections of the modules contained in this research project.  We will address Module 1B: Point Size of Point Symbols, Module 3B: Embedded Symbols and Letters, and Module 6: Pictures.  Each of these modules will be presented below with a discussion of the rationale, study procedures and results.  Following the information about the research results for each of the modules, we will have a discussion about the implications of these results for practice.

Nineteen subjects participated in this study. The subjects ranged in age from 13 to 23 years.  All had begun reading braille during early elementary grades or prior to entering school. Five subjects reported having minimal light perception.  
Module 1B: Point Symbol Size

The purpose of this module was to determine the most readable point symbol designs and to discover what the minimum readable size might be for each symbol and medium. Participants were asked to examine six rows of symbols reproduced on Brailon Thermoform Plastic and Flexi-Paper. Row 1 contained the largest symbols and symbols decreased in size with Row 6 containing the smallest. They were asked to:

· identify the shapes in each row, and

· indicate which symbols were the easiest or most difficult to distinguish.

To examine the relationship between the size of symbols (6 different levels) and production method (Thermoform and Flexi-Paper) for participant accuracy of identification of symbols, a 6 x 2 univariate ANOVA was completed.  There was a significant main effect of size of symbol (F (5, 180)=18.24, p<.001).  In other words, when you examine the success of participants’ identification of symbols, regardless of production method, the size of the symbol is an important factor to consider.  The main effect of production method was also significant (F (1, 180)=14.76, p<.001).  This means that the way that the symbols are produced does have an impact on participants’ success of symbol identification.  Specifically, participants’ identification of symbols (regardless of size) was significantly better using Thermoform-produced materials than materials produced in Flexi-Paper.  Lastly, there was a significant interaction between size of symbol and production method (F (5, 180)=2.46, p=.04), which indicates that the pattern of participants’ identification of symbols depends on both the size of the symbol and production method.  

Post hoc analyses were performed for the size of symbol and production method interaction.   For Flexi-Paper there was a significant difference in participants’ success at identifying symbols between the first four rows and the last two.  That is, participants were more accurate at identifying symbols if the symbols were in the first four rows, than if they were in the last two.  For Thermoform there was a significant difference in participants’ success at identifying symbols between the first five rows and the last one.  That is, participants were more accurate at identifying symbols if the symbols were in the first five rows, than if they were in the last one. 

To determine whether or not there would be a difference in performance levels between the size of symbol and production method, analyses were repeated using only the first four rows of symbols.  Neither the main effects of symbol size or production method were significant, nor was there a significant interaction between the two factors.  This indicates that participants’ accuracy for identifying symbols is the same for both production methods at any of these sizes (Lines 1 through 4).

Most of the decrease in the mean accuracy for the Thermoform medium in Rows 5 and 6 can be attributed to the difficulty in interpreting the “star” (33%) and the “plus” (6.7%) in these rows.  In both production media, the “square” and the “triangle” were the most easily identified symbols, while the “plus” (40.6% average accuracy rate in Flexi-Paper; 57.2% in Thermoform) and the “star” (56.1% in Flexi-Paper; 58.9% in Thermoform) were the most difficult to identify.  The “star” and the “plus” were the only symbols to have less than 50% accuracy of identification (Lines 5 & 6) in Thermoform Plastic.

Module 3B: Embedded Symbols and Labels

The purpose of this module was to determine the effect of dead zones, symbol shape and texture on the ability to locate and read embedded information.  In Module 3B participants were invited to explore four strips of different background containing embedded symbols and braille keys (letter pairs or numbers) on APH Press Braille, Heavy Thermoform Plastic and Tactile Vision Off-Set Ink images.  They were asked to:

· identify each symbol or label,

· identify the four easiest and the hardest symbols for each strip, and

· identify the texture that interfered the most and least for each production medium.

Participants were asked to examine each strip systematically (moving from left to right) and identify symbols (and braille letters and numbers) that were embedded in the strip. Various production strategies were used in developing the strips with embedded symbols.  Some symbols had a space around them (a dead zone) that separated them from the background texture. Others were placed directly on the background without a space.

Symbol identification accuracy results indicate that the “square” with a dead zone and the “rt” with the large dead zone were the only symbols to be read accurately 100% of the time in all media. Overall, the best symbols were:

· the “square” with dead zones; identification of the “square” without a dead zone dropped dramatically;

· braille keys with a dead zone and containing a dot 3 or dot 6.  The “ac” and the “on”, “no”, “13” with little or no dead zone didn’t have as high accuracy identification

· The “circle” at three different positions all received 92% on average with the only readings below 80% being the “circles” without dead zones;

· The “triangle” with dead zones within the same strip averaged 93%; “triangle” with little or no dead zone averaged just below 70%.

One of the most difficult symbols, as it was in Module 1B, was the “plus”.  Even with a large dead zone the accuracy rate never rose above 70%.  Without a dead zone, the “plus” received only 41%.  The remaining problem symbols were:

· the blank or empty rectangle was the second hardest symbol to identify at 43%.  This may be because many participants didn’t know whether to read it as a symbol or as a change or flaw in the texture strip.

· The “carrot” symbol averaged only 60% but it was only tested without a dead zone.

· The “T” averaged only 71.5% with only a slight improvement when a dead zone was added.

Easiest symbols reported for Thermoform were the braille symbols on three of the strips. It is difficult to draw conclusions from these data because of the wide diversity in the responses.

The final task for this module was for participants to indicate which texture they believed interferes most and least with finding and reading the embedded symbols.  Based on data collected from participants, there is only one useful conclusion regarding this question.  In APH Press Braille, 87.5% of participants perceived the background of Strip 1 (faint dots) as the one that interfered the least with symbol identification.  

The most important result of this module is that the use of a dead zone played a larger role in accurately finding and reading symbols and braille keys than the texture the symbol was embedded in.

Module 6:  Pictures

The purpose of this module was to determine if tactile pictures of specific objects could be identified by touch and whether responses about tactile pictures differed according to production method.  Module 6 consisted of three separate pictures. All three production methods were used with the computer-designed method being represented by both (Zy-Tex) Swell-Touch Paper and Tactile Vision Off-Set Ink image.  The participants were presented with a distinct untitled picture, allowed to examine it and asked to:

· name the object represented by the picture,

· choose from a list of four or five which title they thought was the correct title for the image they were looking at, and

· rank how well the design of the image in each medium suited the correct title of the picture.

After examining each picture, participants were given the correct title of the picture and asked “If this picture was titled ______  (“Lion”, “Potato Plant”, “Domed Tholoi House”), how well do you think the picture represents that title?”  Participants rating of the three pictures were combined for each production method. A one-way ANOVA was completed to detect whether there were differences between the mean total ratings of participants for each production method. Results indicated that participants’ ratings of the title-picture match for Thermoform were significantly different than all of the other production methods.  There were no other statistical differences between any of the other methods.   This means that participants rated the title-picture match for thermoform production to be the best representation overall. 

Picture A: Lion

The first picture was a side view of a lion.  The lion had a large mane and was walking so that all four legs were illustrated along with a long tail.  Eighteen participants reviewed the picture of the lion.  After examining the picture, 22% of the participants were unwilling to make a guess or did not respond.  The other 78% all guessed some sort of animal.  Only one participant identified the picture as possibly a lion (or horse or elephant). 

After participants were given the choice of “car”, “horse”, “table”, “lion” or “octopus” 82% who guessed settled on “horse” as the title.  “Lion” was the second most common response at 47%.  No one chose car, table or octopus.

Picture B:  Potato Plant

The second picture was a potato plant including the stem and leaves above ground and the tubers (potatoes) and roots below.  17 participants examined this picture.  Although 24% were unwilling to make an initial guess, 41% thought the picture had something to do with plants (e.g., flowers, trees).

After being given the multiple-choice options, seven participants (41%) correctly identified “potato plant” as the best title.  Six participants (35%) guessed “tree” and three (18%) guessed “the heart and its arteries”.  No participants chose “dog” or “octopus”.

Picture C—Domed Tholoi House

The third picture was a vertical cross-section through a prehistoric domed “Tholoi” house.  Seventeen participants reviewed this picture. Four (24%) were unwilling to make an initial guess; seven (41%) guessed some type of structure including four (24%) who recognized that it was crescent-shaped or domed structure.  When given a choice, 18% (3) responded that they were not sure, seven (41%) chose domed house. Three participants (18%), chose boat as their answer and two (12%) chose swing set.

Conclusions

Students with visual impairments frequently encounter texts that rely on graphic information.  Transcribers and teachers of students with visual impairments must pay careful attention to the production of tactile graphics to make sure that students are able to get the most accurate information possible.  This study examined several isolated symbols produced using a variety of methods.  Related to symbols in tactile graphics, professionals who produce tactile graphics should consider the size and type of the symbol as well as the way that the symbol is embedded in a background texture.  Additional research is needed to explore how tactile graphics can be used within textbooks to supplement written information or provide stand-alone information. 
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