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This Year 1 Final Report documents activities and outcomes on a project carried out by our group under sub-contract to Benetech’s DIAGRAM Center initiative (U.S. Department of Education, Office of Special Education Programs: Cooperative Agreement #H327B100001). The project began on April 8 of 2012 and was originally scheduled to end on April 8, 2013. We requested and received a one-month no-cost extension, with the new end date coinciding with this submission. This work is a collaborative effort by Touch Graphics, Inc. and its partners: Dr. Joshua Miele of Smith-Kettlewell Eye Research Institute, Ms. Lucia Hasty of Rocky Mountain Braille Associates, and two independent graduate research associates, Yue-Ting Siu and Valerie Morash. The Principal Investigator for Touch Graphics, Inc. is Steve Landau.
Activities carried out during this period
Since the submission of our third quarterly report on February 1, 2013, we have made significant progress and have achieved all of the milestones proposed for the Year 1 subcontract. The major tasks completed were: 
· Developed experimental design for field testing the survey tool.
· Recruited field test participants.
· Finalized image sorting survey tool.
· Ran field test.
· Analyzed data collected in the field test.
· Evaluated the project outcomes based on field test results.
· Summarized findings.
· Created a new graphical version of the decision tree, based on the logical structure of the survey tool in its final form.
· Submitted this Final Report.
· Submitted our proposal for carrying on with the project in Year 2. 
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Overall Validity and Reliability of the Sorting Tool
note: the following section of the report was prepared by our Project Evaluator, Valerie Morash. Val joined our team at the end of the project for this purpose, and she will become a permanent member of our team in Year 2 if the project goes forward. 
In total, 22 novices and 4 experts used the sorting tool to sort 30 images into three categories: do not describe, verbally describe, or create a tactile graphic. The experts later revisited and categorized the images without using the sorting tool.
As a baseline measure on the agreement between experts, we calculated Cohen’s Kappa between each pair of experts’ decision without the sorting tool. Cohen’s Kappa ranges from 0 to 1, with 0 indicating change-level agreement, and 1 indicating perfect agreement. This contrasts with simple percent-agreement, which does not take into account agreement due to chance. Kappa values above 0.70 are generally considered very good, between 0.40-0.70 good, and below 0.40 as poor.
The mean agreement between the three experts (who sorted images without using the tool) was Kappa = 0.53 (71% agreement). This value was slightly improved when experts used the sorting tool, mean value Kappa = 0.54 (76%). This indicates that using the tool provides no worse agreement than categorizing images without the sorting tool.
To measure the validity of the image sorting tool, we compared the decisions experts made with and without using the tool. The average Kappa was 0.59 (76%). This is a fairly high value, but could be improved. A value above Kappa 0.75 or 0.80 would be considered near perfect. To increase this value, specific focus should be paid to the images that had low agreement.
Lastly, we compared the image categories given by novices to those decided by experts. Because there was disagreement between experts, the expert decision was taken as the most frequent. The mean agreement between the novice and expert categorization was Kappa = 0.40 (66%). This value is lower than is desirable, but is accompanied by a large range (SD = 0.16). Some sorters agreed with the experts much more than others. Therefore, the tool may be improved by identifying problematic image types, and providing additional instruction for these types within the sorting tool. Identifying and addressing the causes for expert disagreement may also improve novice agreement.
	Cohen’s Kappa
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Image-Level Analyses
All images were classified by 4 experts using the sorting tool. The experts completely agreed on 16 images. For these 16 images, the experts agreed that 15 of the images, mostly photos, should not be described, and 1 of them should be replaced with a tactile graphic (shown below). For these images, the novices also agreed highly (mean agreement 0.82%), compared to the other images (mean agreement 0.52%). This implies that the images that are more difficult for experts to agree on are those that also have low successful categorization amongst novices.
The following images are (left) the most problematic for experts, who were split between verbal description and tactile graphic, and (right) decided by all experts using the sorting tool that it should be a tactile graphic.
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The images with the highest agreement amongst novices (>90% agreement) were all photos that were decided to be not described. This is the same as for the experts. The images that were contested amongst novices (<50% agreement) were all images that contained a mix of text and graphical elements. "For example, the following images were especially difficult for novices:
	[image: image7.png]



	[image: image8.png]Sam Pern,wholivr

County. N Cr, nows mary poopls
s e e i of s o
s anighe

‘ Sorge Sran,aho v n Mlorbury j





	[image: image9.png]— —
e Tt

Contdrmity

Innovation

Ritdatism

Retrdation

gt Dot s

FIGURE 5.5 Motons Stain ey of Do






Advised Changes to the Sorting Tool
There are currently some paths through the sorting tool that do not end in an option of no description, verbal description, or tactile graphic. This is true for images that are only text or equations. This branch was added to provide a “transcribe” category. Currently, these images are classified as do not describe, but this could be handled more elegantly. Additionally, if the user selects that the purpose of an image is “other” the image is not categorized. Ideally, no “other” selections should be allowed anywhere in the sorting tool, and users should be prompted to choose the option that best describes the image.
In summary, the sorting tool provides a successful method for novices to categorize images (mean 66% correct). However, there remains substantial room for improvement. First, experts do not always agree, especially when an image could be either verbally described or replaced with a tactile graphic. Understanding and rectifying expert disagreement will improve the sorting tool’s success. Second, additional support needs to be provided for images that contain multiple elements, such as text and graphics. This could be done by either providing extra training before using the sorting tool or extra support and information within the sorting tool.
Implications for future research
While the findings from this research are somewhat inconclusive when it comes to agreement about whether a tactile graphic or verbal description is called for for some images, the basic hypothesis is borne out, namely that an online image sorting tool is a practical way to streamline the potentially tedious and error-prone, but necessary process of culling large quantities of text book images. It is simply impractical to expect novice describers to achieve expert-level results without a clear rubric for making these important decisions, and the survey tool we created does offer an easy way for a dispersed group of describers to rapidly move through the process of deciding how to treat each image. This is important, because in Year 2 we plan to expand the sorting tool’s functionality by incorporating fill-in-the-blank type templates for each image category, based on the National Center for Accessible Media’s NCAM STEM Guidelines. The methods we devised and evaluated in Year 1 provide an ideal structure for adding Wizards that will help novices in any location to produce high quality descriptions that are concise, clear and consistent, rapidly and with minimal effort. This is the key to implementing a successful system for adapting and then distributing digital text books that can be used independently by visually impaired students.
Conclusion
This year’s research has led to important findings about how to improve and streamline the process of sorting images during textbook transcription to accessible format. Since making images available to visually impaired students is the biggest remaining impediment to being able to provide textbooks that are truly usable by this group, these results represent important progress. Assuming similarly positive outcomes in Year 2, this work promises to contribute meaningfully to the overall success of the DIAGRAM Center’s primary objectives of finally solving the image access impasse.
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