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The goal was to extend and expand our previous research to determine performance requirements for a working PC-based eye-tracking platform to provide reading remediation in learning disabled children via visually activated software.  We developed optimal parameters for implementing reading remediation and testing tasks on this system with improved hardware and software in a group of volunteers.  A more portable and compact Eyegaze System has been developed and was utilized for this research following an equipment upgrade of our present Eyegaze System.   It incorporates a miniaturized video camera and PC, a flat-panel monitor, and can be powered by a 12-volt battery for portability making it much easier to deploy for studies in the field.  It is more accurate than the desktop PC-based system. Previous work on this project utilized an earlier version of the Eyegaze System requiring two computers and an electron tube monitor.  The current project utilizes an improved version of the Eyegaze System requiring a single computer,
Purpose

The proposed research will enhance, implement, and test an interactive reading assistant to provide reading remediation for learning disabled computer users. This application of personal computers uses eye-tracking to trigger text highlighting and synthetic speech feedback as the user reads text from the monitor. The system takes advantage of (1) the ability of unobtrusive PC-based eyetracking systems to follow eye motion, (2) the ability of text-to-speech software to help learning disabled people learn to read.  As users read text displayed on a computer screen, a video camera, mounted below the screen, monitors the user's eye motions.  A computer program analyzes the video of the eye and tracks the user's scan through the displayed text.  Visual and auditory cues are produced that depend on where the user is looking and whether changes in scan pattern indicate difficulties in identifying a word. 

We refined and tested the Visual reading assistant technology and its application in a series of computer-based reading improvement tasks in a group of volunteers.  A series of systematic experiments was performed to maximize the performance of the technology and its application.  

Need

Potential beneficiaries include the estimated 10 million children with dyslexia
 in the 50,000 school districts in the U.S., as well as large numbers of adults with learning disabilities. Individuals suffering from reading disability resulting from neurological trauma such as a head injury or stroke, could also benefit as they re-learn to read.  Finally, multiply disabled individuals who may be physically limited, so that gaze-directed human computer interaction is their only option, and who may suffer from reading disability could have the quality of their improved interaction using the system. 

In recent years the computer has become a key classroom tool for the remediation of reading disabilities.  To assist the reader, multimedia educational software is available that will allow text, displayed on a computer screen, to be sequentially highlighted and spoken by the computer. However, an ideal computer-based remediation tool would put the user in an active role, assisted by automated computer response.  We now have the potential for a visually activated, interactive reading remediation program that can be used with personal computers.  Improvements in the performance of the eye-tracking system have already been made, and further improvements may be needed to maximize the effectiveness of this system for a reading remediation application. 

Work was carried out in suitable laboratories at The George Washington University School of Medicine and Health Sciences and The School of Engineering and Applied Sciences.  Renewal of the approval of the participation of human subjects and of the informed consent process was obtained from the Human Subject Committee and the Institutional Review Board of the George Washington University Medical Center.

Background

Saccadic eye movement is largely controlled by the frontal eye field of the cerebral cortex, which initiates conjugate eye movement toward the opposite direction.  This sends descending nerve impulses via a brainstem area, the PPRF, to Cranial nerve VI, which controls extraocular eye muscles.  The Eyegaze System (LC Technologies) utilizes the pupil centered corneal reflection method.  Detection and processing of the corneal reflection of an infrared emitting LED allows gazepoint position tracking.  Traces of visual scan patterns can be superimposed upon the graphic image or printed words that have been scanned, revealing fixations and saccadic eye movements.

Eye movements "... can be used to infer moment-to-moment cognitive processes in reading...”  (Rayner, 1998).  The frequency of a word influences how long readers look at the word.  In silent reading, used in most previous studies, the approximate mean fixation duration is 225 ms and the mean saccade size is 2 deg, about 8 letters.  Poor readers and dyslexic readers tend to have longer fixation durations, shorter and larger numbers of saccades, and more regressive (reverse) saccades than normal readers.  These differences in eye movement for most dyslexic readers probably reflect difficulty in processing written language rather than poor control of eye movements themselves.

Short and common words can be skipped but longer words might need at least two fixations. Fixations tend to land approximately at the middle of each word. The length and shape of the next word is estimated before the actual saccade takes place. There might also be some micro saccades inside a word to fine-tune each word. The duration of fixation reflects the relative difficulty of a word. A reader tends to fixate longer on words that have lower frequency, while familiar high frequency words require a short fixation. Regressions may indicate failure in phonemic decoding or comprehension. 

2-Detecting problem.  Eye movements reflect the cognitive burden during the processing of the text. Long fixations and regressions reveal difficult lexical access. By processing the eye movement during the reading process one should be able to detect when and where the user has problems. In order to accomplish this task we have to distinguish situations that resemble each other in many respects. We must be able to separate fluent uninterrupted reading from the case in which the user has problems. In addition to reading, the user may stop to think about what he has read. The eyes may wander around the screen. Furthermore, re-reading a phrase does not always mean that the user did not understand it. The main challenge would be to separate such behaviors. One possible solution (Used in iDict) is to combine information about the lexical content of the text with the information we get from analyzing the eye movement. 

3-Detecting Patterns.  

There are at least four patterns in the user’s behavior when s/he processes text:

· Reading:

The user’s attention is focused on the text, the direction of the eye movement proceeds from left to right and follows the layout of the text on the screen. The duration of fixations stays within predefined thresholds values. 

· Scanning:

The user gazes through the text. S/he may be searching or speed reading the text. There are not enough fixations for the reader in order to actually read the text. The direction of the gaze path does not necessarily follow the text. 

· Dormant Gazing:

The reader is neither reading nor scanning. The user may have paused to think about the context if the text. In this case the user’s attention is introverted. The eyes may or may not move. The user is looking at the screen with “blank eyes”.

· Encounter Difficulties:

The user has encountered a word with difficulty in pronunciation or meaning. The duration of fixations increases and/or the number of fixations around the word increases as the user tries to figure out the pronunciation or meaning of the word. 

In order to be able to completely classify the user’s behavior into one of these categories, we have to continuously observe the user’s action in order to learn his/her reading style. 

Although readers go through many same processes as listeners, there is a very important difference between listening and reading comprehension; a reader can control the rate of input. Unlike a listener, a reader can skip over fractions of text, reread some sections or pause on a particular word. A reader can take in information that matches the internal comprehension processes and by examining where a reader is pausing it is possible to learn about the internal processes themselves. There is a common misconception that readers do not fixate on every word. But the data presented in most of the recent research shows that during ordinary reading, almost all content words are fixated. This applies not only to scientific text but also to narratives written for adults. When readers are given a text that is appropriate for their age level, they average 1.2 words per fixation. The words that are not always fixated tend to be short, function words such as: the, and, or a.  The number of words per fixation is even lower if the text is especially difficult or if the reader is poorly educated. Using the fixation data, we can try to account for the total duration of the comprehension in terms of the gaze duration of each word. 

The collected data also shows that gaze duration varies considerably from word to word. Some gaze durations are very long and the current model indicated that gaze duration reflects the time to execute the comprehension processes. Consequently, the longer fixations are attributed to longer processing and are caused by the word’s infrequency. Also fixations are longer at the end of each sentence. The link between eye fixation data and the theory rests on two assumptions. The first one, called the immediacy assumption is that a reader tries to interpret a content word in a text as soon as it is encountered. The second assumption, the eye-mind assumption is that the eye remains fixated on a word as long as the word is being processed by the brain. So the time it takes to process a new encountered word is directly indicated by the gaze duration. Of course, comprehending that word requires some information about the preceding parts of the sentence without any backwards fixations. The eye-mind assumption can be contrasted with an alternative view that data from several successive eye fixations are internally buffered before being semantically processed. This alternative view was proposed to explain a reading task in which the phrases of a text were successively presented in the same location. This situation however was unusual in two ways. First there was no eye fixation and secondly readers could not complete a comprehension task after seeing the text this way. By contrast, more experiments support the eye-mind assumption that readers pause on words that need longer processing time. This assumption posits that there is no appreciable lag between what is being fixated and what is being processed. 

Reading can be construed as the coordinated execution of a number of stages such as word encoding, lexical access, assigning semantics roles and relating the information in a given sentence to previous sentences and previous knowledge. 

The immediacy assumption.   The model’s ability to account for fixation durations in terms of processes that operate on words provides some validation for immediacy and eye-mind assumptions. Readers interpret a word while that are fixating it, and they continue to fixate it until they have processed it as far as they can. This kind of processing eliminates the difficulties caused by the potential ambiguity in languages. This minimizes that the reader will be conceptually driven in many different ways at the same time. 

The cost of this kind of processing is usually low, because the early decisions are usually correct. This is accomplished by taking a large amount of information into account in reaching a decision. 

Variations in Reading.  There is no single mode of reading. Reading varies as a function of who is reading, what they are reading, and why they are reading it. The reader’s goal perhaps is the most important determinant of the process. A reader who skims a passage reads differently form some one who is trying to memorize the passage, or another reader who is reading for entertainment. Goals can be represented in several aspects of the theory, but the main way is to require that each goal is satisfied or at least attempted before moving on to the next word or phrase or sentence. 

Reading also depends on the text, the topic and the reader’s familiarity to both. A well written paragraph in a familiar topic is easier to process on all of the processing stages. The lexical items will be easier to encode, the concept will be more easily accessed, the case and text role will be easier to infer, and the interrelations will be easier to represent. Even reading the same text under same circumstances will vary from person to person. There are several plausible sources of individual differences in the reading theory. One interesting source is the operation capacity of the working memory. Readers with large working memory should be able to retain more of information of the text while processing new text, so their integration of the information may be more thorough. 

Theories of Reading.  Previous theories of reading have varied in their choice of dependent measures, the levels of information represented in the theory and implementations of the top down effects. One important feature if the current theory is its attempt to account for reading time on individual words, clauses and sentences. The dependant measure is not an incident of the theory; it is an important implication of the theory that issues the theory addresses.

 Another feature of the theory is the attempt to account for performance at several levels of processing. Previous theories have tended to neglect certain stages. This is not to say that these models do not acknowledge other aspects of processing but simply they describe detailed mechanism for other stages. The final and very important distinction between reading theories is the manner in which they accommodate the top-down or bottom-up factors in reading. 

IDict.  iDict is a gaze-assisted translation aid aimed at mass market. This system monitors a user while reading a text in a foreign language and as soon as user encounters difficulty it steps in and provides assistance with translation. The key means for filtering out the useful information amongst the noisy eye movement data is the use of additional information. The supporting information includes: general knowledge of the reading process based on the results of reading research; lexical and syntactical language analysis of the text to identifying potentially unfamiliar words, Phrasal verbs, or idioms and syntactically complex structures; user profile data containing users personal characteristics as a reader and history data of the user’s reading process in the past  When a user reads a document on the screen the system tracks the reading process and detects the situations where the user seems to have problems. iDict then concludes what is the help needed and delivers it to the user. The main language is English and the translation is provided in French, German and Italy. 

Reading Assistant. The reading assistant is a system to help children and adult with reading disorders to improve their reading, using an auditory prompting system to highlight and pronounce the words. The principal hypothesis is that the relatively unobtrusive assistance with such a system will be more affective than previous computer aided approaches. 

As mentioned in the Reading Theory, increased text difficulty imposes a greater burden on cognitive processing capacity that is reflected in increased length of fixation and other features of eye movement. During adult reading, eye moves with a series of pauses or fixations separated by rapid, intermittent movements or saccades. The saccades are generally rightward or progressive but sometimes may be leftward or regressive. Variables that have been measured include number of fixations, duration of fixation, location of fixation in the text, number of progressive saccades, and size of saccades. The average progressive saccade encompasses about 7-9 characters, equivalent to about 2 degrees of visual angle. The typical regressive saccade is smaller, about 3-4 letters. The number of regressive saccade is about 10-20% of all saccades in skilled readers. These regressions are believed to take place when there is difficulty understanding the text, misinterpretation of the text or overshooting the target area. 

The average fixation duration for skilled readers is reported to be about 250 msec. but as mentioned in the reading theory before, there are great individual differences. The fixation duration may vary from 100 to 500 msec. 

The duration of fixation is correlated with reading difficulty. Based on the reading theory, words that have longer fixations need more time to be processed and identified. The length of saccades may be influenced with “crude visual clues”. For example, the saccades entering or leaving longer words tend to be longer. As a child becomes a better reader and more educated in elementary school, the mean fixation duration decreases and saccades length increases. 

A previous method for reading remediation was using mouse-activated prompting systems. A subject had to select the words with difficulties by mouse in order to be highlighted or pronounced. Although this system is effective in reading improvement, but the fact that user has to click on specific words in order to be highlighted or pronounced, requires precise eye-hand coordination and adds a significant delay. In other words the mouse selection task enforces the user to interrupt the cognitive process of the text and perform a manual task. As a result Reading Assistant system eliminates these interrupting factors by continuously tracking the reader’s eye and allowing the natural processing to proceed more smoothly.
Previous research 

From our previous research on this project, methods, software development, reading and eye movement observations, technical performance observations including usability ratings, and recommendations are described in detail in our Final Report (Lavine, Sibert, and Gokturk, 1999).  Additional observations with emphasis on the software have been presented (Sibert, Gokturk, and Lavine, 2000).  Only some highlights of these results will be presented here.

As students read text displayed on a computer screen, reading practice can be facilitated by bimodal feedback involving text highlighting and synthetic speech based on current gazepoint, word sequence and visual scan or other signals that indicate reading difficulty. Initial testing was done with the cooperation of 8 children, aged 10-14, whose parents provided informed consent. Reading passages used were obtained from the Gray Oral Reading Test, Third Edition, presented twice to observe effects of familiarization and practice. 

Results included usability rating and recorded samples of simultaneous visual scan and oral reading of text passages.  Usability was fair to adequate, but several areas of needed improvement were indicated in the Final Report.  Examples of reading performance and eye movement data are shown below (Table 2), and include reading time per passage, reading speed in words per second, number of oral reading errors, number of fixations per passage, word, and second, fixation duration, and number of prompts per passage provided by the system. Data were obtained from the second trial of the fifth-grade paragraph.  Subjects 1-4 were reading at grade level, and subjects 5-8 were reading below grade level and receiving special education services for a learning disability.

Table 2.  Oral reading and visual scan data from 8 subjects.

	
	
	Oral Reading
	Fixations
	

	Subjects
	Age 

(yrs.)
	Time (sec)
	Words/sec
	Errors
	Number
	Per sec
	Per word
	Duration

 (msec)
	Prompts

	Mean (1-4)
	12.4
	31.5
	3.4
	0
	118
	3.7
	1.1
	233
	0.5

	Mean (5-8)
	10.7
	77.0
	1.4
	5
	190
	2.5
	1.8
	350
	8.8


From trial 1 to trial 2, all subjects showed increased reading speed, more fixations/second, and shorter fixation duration, and subjects 5-8, who receive LD services, decreased the number of reading errors and of prompts produced by the system.  For subjects 5-7, head movements caused the gazepoint recorded to differ at times from that inferred from the oral reading.  Fixation durations for the children receiving LD services were substantially longer than those obtained from a sample of mainstreamed fifth-grade students  (Lavine and Cleveland, 1996) and from subjects 1-4. 

This demonstration showed the usability of a PC-based system to provide reading evaluation and practice to learning disabled children via visually activated software, with gazepoint as input in an interactive application. Although this was not a controlled experiment, and conditions and ages differed, the data are consistent with the notion that reading difficulty may be associated with increased fixation duration.  The results suggested that this system may assist in the practice and evaluation of oral reading. 

Conclusions and recommendations included the following. Reading aid system performance: 1.  The Eyegaze System is usable as a component of a reading aid system that uses gazepoint as input in an interactive application.  The basic concept has been successfully applied to a small sample of adults, normal children and adolescents, and children with learning disabilities.  2.  For both normal and learning disabled subjects, there were many instances in which difficulty reading a word was accompanied by increased dwell time on that word, resulting in the system providing visual and voice prompting as intended.  However, there were some instances in which oral reading problems (mispronouncing a word) were not indicated by dwell time.  There were also false alarms in which our threshold dwell time was too short for a particular word.  3.  Changes in eye movement and oral reading observations suggested possible improvement with practice using this system.  

Technical performance of the eye-tracking system for this reading application: 1.  The usability ratings were satisfactory, but some subjects reported difficulty in keeping their head still and with the obtrusiveness of the video camera.  2.  Head movements in the vertical plane (x, y-axes) were found to be within acceptable limits for normal subjects.  However, for several of the learning disabled subjects, increased head movements in the x-axis and z-axis was observed   3.  Ambient incandescent light interfered with system operation when a 75-watt light bulb was placed closer than 160 cm from the eye in the same vertical plane as the monitor screen.  4.  Vertical eye-tracking accuracy appeared to decrease toward the upper edge of the screen, and this effect appeared to be multiplied by head movement in the z-axis.  To make our system workable, we needed to increase the separation of lines of text above usual spacing.

Recommendations:  1.  Providing linguistic evaluation of individual word difficulty and varying the dwell time threshold for each word accordingly may improve the function of our reading aid software.  2. A head-tracking system to compensate for head movements in the x,y and the z-axes, and to minimize the need to keep the head still, is needed.  In addition, the signal processing software within the Eyegaze System may need additional adjustments to compensate for movement in the z-axis that is not compensated for by a head-tracking system.  3.  Most subjects found the video camera to be unobtrusive in this application, but miniaturization of the video camera might be desirable for some subjects.  4.  Temporal resolution of the system was found to be adequate for our application.  5.  Although the system was usable for our application when incandescent light was removed or kept more distant than 160 cm, usability under non-laboratory conditions would be improved if the system were modified to be less susceptible to interference from incandescent light.

Current study

Summary of activities.  The proposed steps in this project were as follows.

Implement visually activated prompting, reading assistant software on improved eye-tracking system with flat-screen display and improved portability 

Refine computer reading tasks 

Recruit and screen subjects 

Perform parametric experiments with reading assistant software 

Document and report strengths and shortcomings of Eyegaze System for reading remediation

Software development

In this system, as a subject is reading the text displayed on the screen, a video camera mounted below the screen tracks the subject’s eye movements. Eye Gaze® eye tracker is based on the Corneal-Pupil reflection method. The eye tracking system processes the video image taken by the camera and calculates the x and y coordinates of the user’s gaze-point (the point where the user is looking at screen). The raw data produced at this stage, will be sent to the code of the application. The application is constantly tracking the user’s eye and as soon as the reading pattern changes-due to the reading difficulty- it will provide the user with visual and auditory cues. 

Reading Assistant Application. The Reading Assistant application is written in Microsoft Visual C++ IDE. It is a stand-alone Windows application developed in Object Oriented paradigm. In order to re-develop our application, the main challenge – as any other OOP application- was to choose the best objects and define the abstract classes. In the Reading Assistant application the most abstract object is the “Text”. A “Text” object is an abstract object, which is a collection of Page objects. The application requires a normal text file (.txt) as input to be displayed on the screen and the “Text” object is built based on this text file. There is no limit on the size of the text file and user can change the page as he reads, by pressing the space key. A Page object has an array of Line objects and a Line object itself has an array on Word objects. 

<< The main objects figure here >>

“Word” is the main object of this application with several different methods defined in the Word class such as:

· Draw: a method to draw a word on the screen.

· Calculate: a method to calculate the location of each word on the screen and its boundary rectangle

· Highlight: a method to activate the visual cue and highlight the word

· Test: a method to test each of the gaze-points to verify if they are located inside the boundary box of each word

· Pronounce: a method to activate the auditory cue and pronounce the word.

During the preprocessing step the standard text file is used to create the Text Object. User can change the size and the font of the text to be displayed on the screen. The application has the options to change the line spacing, color and word separation. For each word in our text file, a sound file has been recorded in a sound directory with digitized speech. These sound files have been recorded in .wav format and at 4khz and 8 bit resolution. A member of Word class is a reference to the corresponding sound file for each word object. The reason this approach has been chosen over the synthesize voice is to have more flexibility and control over the pronunciation of words in English. One word with same spelling in a sentence can have two different pronunciations, and there fore two different sound files have been recorded in such situation.  When the user is looking at a specific word for a certain amount of time, the word is first highlighted and then pronounced by the system. Two different algorithms have been developed to trigger the highlighting and pronunciation of words:  1. Timer Algorithm.  2. Hot and Cold Algorithm. 

The Eyegaze System is capable to generate raw data at 30 or 60 Hz. The raw data generated by the Eye gaze system is saved and can be used for post processing. 

Selection Algorithms.  The Eyegaze system has the precision of about 0.25 inch when a subject is looking at the screen from about 20 inches. There is always a physiological difference between the gaze point on the screen and the center of cognitive process. A perceptual span of about 6-7 letters have found between the gaze point and the center of cognitive interest. Because of these difficulties, it is not always easy to choose the right word to pronounce and the Reading Assistant system utilizes some other information to predict the right word.

Reading theory, as discussed earlier shows that a reader tend to fixate on a word or group of the words in sequence while reading from left to right and at the end of each line, the reader’s gaze point jump back to the beginning of the next line. Words sequence determines the next word to be highlighted and pronounced and words get highlighted and pronounced only in a left-to-right order. The system identifies the current line of reading by checking the horizontal jumps from the end of each line to the beginning of the next line. 

Fixation: we define a fixation as a sequence of gaze points which are located at a certain distance of each other over 100 millisecond duration. As mentioned in the Theory of Reading, a single word might have more than one fixation. Consequently, we define dwell as a sequence of one or more fixations separated by short saccadic motions. 

Timer Algorithm.  This uses the dwell concept to define two different thresholds based on a word boundary rectangle:

· Dwell Threshold 1:  The first threshold indicates that a specific word object is in the center of cognitive interest and is used to trigger the highlight method to highlight the word.

· Dwell Threshold2:  The second and higher threshold suggests that the subject has difficulty processing the word. If this threshold is exceeded the word will be pronounced by the system.

The Timer algorithm has an option to switch between equal thresholds for every word or different thresholds based on the length of each word. User can change these values interactively trough a setting window provided in the application. Words are divided into three groups and a different threshold can be set for each group:

· Length<= 3

·  4 <= Length <= 9

· Length > 9 

The same categorization is applied to the Hot and Cold algorithm.

Hot and Cold Algorithm.  The second selection algorithm is using the analogy of thermodynamics. We set an initial temperature for all of the words in a page. And as reader is reading the text, the temperature of the word in which the gaze point is included will be incremented while every other word will loose temperature. Using this analogy in combination of two temperature thresholds for highlighting and pronunciation, form the second selection algorithm. The first threshold is set to activate the highlighting process. When a word’s temperature reaches this threshold, the system will highlight the word and when its temperature reaches the second preset threshold, it will be pronounced.

Similar to the Timer algorithm the application provides two options for setting the heat thresholds for hot and cold algorithm. Equal thresholds and different thresholds based on the length of each word. 

Selection Engine and Filter.  The most challenging part of this application is the selection engine. In other words, based on the coordinates of the gaze point on the screen, which word should be selected to be passed to either the “Timer” or “Hot and Cold” algorithm?  A method was developed to choose the right word from the current line and passes it to the selection algorithm. This method receives a pair of x and y coordinates from a Filter object and finds the closest word object to this location. If this gaze point was inside the boundary box of the closest point, this word will be passed to the selection algorithm; otherwise this gazepoint (which does not belong to any word boundary box) will be discarded. As mentioned before, in order to keep track of the current line, application tracks the fly-back saccade from the end of each line to the beginning of the next line. Only the words that belong to the current line object can be highlighted or pronounced.

Filter Object.  Another important object in the design of our engine is a linear filter. The filter has been used to cancel the involuntary minor movements of the gaze point. It is a simple linear average filter that receives the gaze point coordinates from the Eye Gaze thread and passes the averaged values to the Closest Word method. User has the option to turn off the filter during the experiment, through the options interface.

Computer reading tasks

The computer reading tasks used in the previous study were refined.  A standardized reading quiz, the Wide Range Achievement III Reading Subtest, blue version, was administered to all subjects.  The subject is asked to read aloud a series of words, ranging from easy to difficult, and the number of words read correctly is recorded.  This allowed calculation of a standardized reading score, based upon a mean of 100 and a standard deviation of 15 in the normative population sample of people in the same age range as the subjects.  


A Reading Passage (Topic: Jazz) from the standardized Gray Oral Reading Test—Edition 3 (Wiederholt and Bryant,.1992) was administered with the reading passage displayed on the monitor, with concurrent recording of eye movement.  An oral reading task rather than a silent reading task was used because it allows for objective measurement of reading speed and accuracy. The subject reads aloud, and the elapsed time to read the passage, the number of deviations from print (errors), and a comprehension score based on multiple-choice questions are recorded.  These measures allow the calculation of standardized scores for oral reading.

A Reading Quiz based upon words from the Jazz passage is then administered.  This provides a method for comparing the performance of subjects with and without visually-aided prompting.

Experimental procedure  

To test the accuracy and usability of the Visual Reading Assistant, the following experimental procedure was designed.  It was based upon our experience in the previous, year 1 research, but extends it by administering reading quizes following the reading task under one of two conditions, prompting on or prompting off.

1. Informed consent procedure

a. Describe procedure

b. Have subjects read Informed Consent Form

c. Answer any questions

d. Obtain signatures

2. Assign ID number (first initial+last initial+date mmddyy)

3. Enter information on Subject Table as follows:

ID, Gender, Age, Prompts (On=1, Off=0) 


4. Administer Health Questionnaire screening for the following factors:

Corrective lenses, uncorrected visual problems, neurological or neuromuscular disorders, English as second language, learning disability, reading disorder, or dyslexia

5. Administer Reading Quiz  (Wide Range Achievement III Reading Subtest, blue version)

6. Administer Reading Passage (Topic: Jazz).

Record Time, Deviations from Print (errors), and Comprehension measures

7. Administer Reading Quiz (words from Jazz passage)

8. Administer Usability Questionnaire

9. Complete Volunteer Participant Compensation Form

10. Record data in Data Table as follows:

Subject identification number, initials, date, gender, age, prompts (0, 1), time to read passage (sec), words/sec, errors, fixations, fixations/word, fixation duration, prompts, rate & accuracy measures
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Appendix

1. Informed consent procedure

2. Subject Table 

3. Health Questionnaire screening for the following factors:

4. Reading Quiz  (Wide Range Achievement III Reading Subtest, blue version; not shown

5. Reading Passage (Topic: Jazz).

6. Reading Quiz (words from Jazz passage)

7. Usability Questionnaire

8. Volunteer Participant Compensation Form

9. Data Table 
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HEALTH QUESTIONNAIRE







ID: __________________

Please circle the correct answer:

Do you wear corrective lenses in order to read from a book or a monitor?
YES
NO

Do you have any problems reading (from a monitor or page) not corrected by corrective lenses?











YES
NO

Do you have any neurological or neuromuscular disorders?


YES
NO

Is English your first language?





YES
NO

Have you ever had a learning disability, reading disorder, or dyslexia?
YES
NO

� based on National Institutes of Health estimates
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