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Executive Summary

Scientific Learning Reading AssistanExpanded Edition has incorporated a number of
improvements in its ‘Reading Verification’ technglo This technology is what enables
the software to perform as a personal tutor fodgadioral reading practice. It has been
revised for Reading Assistant Expanded Editiongtas best practices in reading
instruction as well as empirical data from hundrefieaders. The improvements allow
the software to tutor a wider range of readersyidma better user experience for

students, and provide more useful feedback fotezac

For oral reading practice to be constructive andivating, readers need support when
they are struggling or making errors. However, tABsp need opportunities to practice
sustained reading without too many interruptionsywhen they are reading well they
shouldn’t receive too many interruptions. To mesthlof these needs, a tutor must be an
accurate listener. To ensure greater accuracy éve meaders, new speech models have
been developed for southern regional dialects. Basespeech data collected from
hundreds of children and adults in the region,ehe=sy models make Reading Assistant
Expanded Edition a more accurate listener.

Timely intervention is critical for a tutor suppioig oral reading practice. Interventions
that occur too soon or too late can disrupt fluemegluce opportunities for learning, and
frustrate the reader. Data collected from struggteaders was used to refine the timing
of interventions in Reading Assistant Expandedi&ditThe new design will help
improve the accuracy and timing of the intervergifor each readeA special set of
rules is applied to less fluent readers, so they thceive extra time for decoding.
Reading Assistant Expanded Edition will also accadate less fluent readers by

providing more support for very high frequency ‘ghvords.”
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To aid in progress monitoring, Reading Assistamidfxded Edition reports on several
aspects of reading performance including compraberskills and strategies, problem
words, and reading rate. The method for calculatéagling rate scores has been revised
in Reading Assistant Expanded Edition, for closer alignment with scdres

traditional fluency measures. This improved alignhmaakes the revised Words Correct

Per Minute (WCPM) score easier for teachers tapmés.

Compared to earlier versions of the software, Repdissistant Expanded Edition is
better at listening accurately, providing timelyeirventions, and accommodating less
fluent readers. It also provides reading rate sctirat are more closely aligned with
conventional fluency measures, so that teacherbeter monitor student progress and
intervene appropriately. All of these improvememdp Reading Assistant Expanded

Edition provide an optimal learning environment ¢gmiided oral reading practice.
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Introduction

Reading Assistant Expanded Edition (RAEE) incorporates several $iggnnt new
improvements to its ‘Reading Verification’ techngfo This technology is what enables
Reading Assistant to act as a helpful listeneRiecord My Reading’ mode and provide
feedback to students and teachers. The compotiettgrovide this capability include
the speech recognition engine, the user interfac#Record My Reading’ mode, and the
logic behind the fluency measurements and ‘problend’ lists. Improvements have
been made in all three of these areas, with thead@mhancing the user’s guided oral
reading experience, while supporting the rangesangtture of the expanded content
sets. This report describes each of these impremtsnin detail and provides results

guantifying the improvements, where appropriate.

New Acoustic Models for Regional Dialects (Southerh.S.)

The largest and most noticeable impact on the lisadnd performance of the Reading
Verification technology comes from the additiomefv acoustic models focused on
regional dialects of the Southern United Stategustic models represent the sounds and
sound sequences of spoken language and are amiasaeah critical part of the speech
recognition software. During the initial voice tmsization process in Reading Assistant
Expanded Edition, the best acoustic model is ch&reen the available model set. If

none of the available models match the user vetly sgeech recognition performance
will be suboptimal. The models available in earliersions of Reading Assistant did not
represent the pronunciations of the Southern reggoy well, and some performance

problems were noted for users in this region.

To provide the necessary data for building new ngdeaidio data from 786 subjects was
collected at six locations in the Southern regidhe data gathering effort used a
configuration of the Reading Assistant Version #vgare customized for data collection.
After setting aside data that did not meet diadec@udio quality criteria, this collection
resulted in over 110 hours of audio data from G#%excts, which was used to create new
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adult and child acoustic models. An important gddhe data collection was to get a
distribution of subjects across age, gender, aaledti region within the South. Age,
gender and dialect region all influence the spebahnacteristics of the subject and it is
important to get this variability represented ia Htoustic models. For the purposes of
the collection, the Southern U.S. was divided thtee dialect sub-regions, with two data
collection sites in each region as shown in Fidlure
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Figure 1. Dialect Sub-Regions of the Southern U.S Dots
represent data collection locations. (Original map source:

http: //www.amaps.com/mapstoprint/ OUTLINE%20MAPS/free
map_of_usa.htm)

The breakdown of subjects by age range, genderdiatett region for the 685 subjects
used to develop the models is shown in Tablesahd23.
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Ade 6-8 9-11 12-14 15-17 Adult
9 yearsold yearsold | yearsold | yearsold
Number of subjects 131 152 165 113 124

Table 1. Number of Subjects by Age Range

Gender Female Male

Number of subjects 356 329
Table 2. Number of Subjects by Gender
South
Age East Coast | Gulf Coast Midland/Mountain
Number of subjects 156 265 264

Table 3. Number of Subjects by Southern Sub-region

The goal of creating these new models was to deerde false negative error rate for
Southern speakers without adversely impacting ather metrics. The false negative
rate represents how frequently a user is stoppetdebgoftware on a word they read
correctly. In general, we aim for an average falsgative rate of about 1% (1 in 100
words). In our experience, if a user is stopped correctly read word more than 2% of
the time (1 in 50 words, or perhaps about twica @age spread of text), it is more likely
that the user will be frustrated and fluency mayliseupted.

For the new models, the goal was to decrease e riagative rate by at least 30%
overall for Southern speakers, compared to perfoce@an the existing acoustic model
set. The performance for users with high erragan the existing acoustic model set
was also analyzed. Performance was analyzed assetof 76 speakers from the data
collection whose data was not used to create aisagdprameters for the acoustic models

but was instead ‘held out’ as test data.
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Figure 2. False Negative Error Rate Reduction Including the Southern
Acoustic Models High FN Test Users are users with greater than 2% false
negative error rate when using the original (Reading Assistant Version 4)
acoustic model set

Figure 2 shows the results in terms of false negd#N) error rate for the original model
set compared to the new model set. For thesetsethe voice customization enrollment
data was used to select the best available modebfth user, and then that model was
used for the remaining testing on ‘Record My Regdaudio recordings. To test
Reading Assistamt Version 4 performance, the model set used in voictomization
was the original model set consisting of child, lachale, and adult female models. To
test Reading Assistant Expanded Edition performatieemodel set used was the
original model set plus the new Southern child 8odthern adult models (five models
total in the set). Thus the automated testinggthesmulates actual real-life performance

as closely as possible.
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These results indicate that we met the 30% redugial, bringing the false negative
rate down to approximately 1%, on average. Theliseare also broken out separately
for users who are ‘outliers’ as far as performanih the original models, defined as
users having a false negative rate of greater2B&anvith the original models. For these
19 users the results are much more dramatic: alke hegative error rate is reduced by
more than a factor of two. The number of speaketise total set with an error rate of
greater than 2% is reduced from 19 with the origmadel set, to 6 with the new
(RAEE) model set.

Another important error metric is the false pogtnate. The false positive rate represents
how often we allow the user to proceed when arr ér@e been made. Since false
positive and false negative rates trade off againstanother in a system, it is important
to measure both rates to understand if we havéyegbroved overall performance.

After incorporation of the new acoustic models, filee positive rate is slightly

improved, with a reduction of approximately 1%. other words, we have reduced the
false negative rate significantly while keeping takse positive rate essentially the same,
resulting in a significant improvement to overaformance for the Reading

Verification task.

Changes to Intervention Timing

Reading Assistamt Expanded Edition contains more lower-level contertt content for
below grade level readers than did earlier versafriReading Assistant. As part of this
shift in focus, adjustments were made to the tingagameters for interventions. The
basic motivation for these changes was the pedealggiinciple that readers at the lower
levels should be given more time to work on andggife with a word, relative to more
advanced levels. To determine the best timingliiderent readers, extensive analyses of
empirical data were conducted. Informed by bo#woti and data, the intervention

timing parameters were made dependent on textngdelel, and were made longer for
lower reading levels relative to the settings farlier versions of Reading Assistant.

Scientific Learning: Research Reports, 13(13):1-18
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Reading Assistamt will give an intervention (visual and/or audio déack on a word)
when it detects that the child has not read a wotths read it incorrectly. There are two
levels of intervention given during “Record My Reay mode: if we have not heard the
user read a word and a specified amount of timeslzgsed since we heard them read the
previous text word, the word is highlighted (no iayd If we still don’t hear the word

after a second specified amount of time has elagpgednaintain the highlight and play

an audio prompt for that word.

Two timing parameters were adjusted: the timeruatieallowed after hearing the
previous word before a highlight intervention via# given, and the additional time
interval allowed after the highlight interventioafbre an audio intervention will be
given. These settings will be referred to as thghlight intervention interval’, and the
‘audio intervention interval’ in this document. Reading Assistant Version 4, both the
highlight intervention interval and the audio intention interval were set to 2.0 seconds
by default. In other words, if the user just stogeding, a total of 4 seconds will elapse

before they will be given the audio prompt.

The data corpus used for automated analysis was-thBata Collection, collected in
October 2008 and including 48 studentshtBrough & grade. This data collection
used an early version of the RAEE content and fed¢us below-grade-level readers.
The data was collected with a special version @fdRey Assistant where the timing
parameters for interventions were set to longanes(than the 2 second/ 2 second
defaults) so that the intervention timing settingsild be analyzed in automated testing.
The analysis divided the data into sections byirepkkvel and for each reading level
analyzed the relative benefit of increases to thiesag parameters, in terms of how
often giving additional time resulted in the useming up with the correct word. On the
other side of the equation, lengthening the tinpagameters will increase the likelihood
of a false positive error (accepting an incorrétrapt, or off-topic or background

Scientific Learning: Research Reports, 13(13):1-18
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speech, as the word). Lengthening the timing patara will also mean that the user will
have to wait longer to get help (an audio promptaavord that they are unable to
decode by themselves.

The results of the automated analysis, combined padagogical recommendations,
were used to determine new settings for the loveastreading levels. The default
settings for 2 grade text levels and below were increased te&0nds for a highlight
intervention, and 3.0 seconds between a highligletrvention and audio intervention.

The settings of these parameters fdmgBade text levels and higher remain the same (2.0

seconds and 2.0 seconds) as in Reading Assistdeatsion 4.

Intelligent Intervention Logic

In addition to the elapsed time measurements ustdyger interventions, there is logic
in the Reading Verification components that wiljusd intervention behavior based on
what the user is doing at that moment. For exaniphee do not get recognition for a
text word (either user error or recognizer errarf) the user continues to read, we will
intervene faster so that the user can repair tintkevened word before they get too far
past the error in the text. If we do not hearuber read a text word, and do not hear
them read on past it, but we detect that theytdrseaking at the point where we are
about to give an intervention, Reading Assistatit‘defer’ the intervention for a short
time period (0.75 seconds). The goal of this lagio allow a user to finish the word if
they are in the middle of it, and avoid ‘interruggi if possible. For the most part this
intelligent intervention logic remains in place withe new timing settings, with one
exception: when using the new 3.0 second/3.0 sedefaults for text levels 2-2 and
below, an intervention will not be ‘deferred’ eviémwe detect that the user is still
speaking. The reasoning behind this change idlibaiser has already been given 3
seconds to read the word, and automated analyggests that we have reached a point

of diminishing returns at that point, so givingther time is not likely to be productive.

Scientific Learning: Research Reports, 13(13):1-18
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Implementation Details

The availability of the K-2 Data Collection and taepansion of automated testing
capabilities also provided the opportunity to ladla third timing parameter, the skip
interval. If the user still does not read the wafiér the audio prompt, Reading
Assistantv will wait an additional time interval before ‘skimg’ that word and moving

the highlighting on to the next word. In ReadingsAtant Version 4, that interval was
set to 4.0 seconds. Automated analysis suggdsaed tvalue of 3.0 seconds was enough
time and that there was no noticeable advantageiteg additional time. Therefore this
timing setting was changed to 3.0 seconds foeatlteading levels.

Table 4 summarizes the changes made to the int@aeiiming settings and logic in
Reading Assistant Expanded Edition.

Text N . | ntervention Skip
) Highlight Audio . .
Version Reading Intervention | Intervention |S(_1Ieferred Interval
Level . (if user
interval I nterval )
speaking)
Reading Assistant  All Yes
Version 4 levels 2.0 sec. 2.0 sec (0.75 sec.) 4.0 sec.
_ _ 1-1,1-2, 3.0 sec. 3.0 sec No 3.0 sec.
Reading Assistant 2-1,2-2
Expanded Edition| 3.1 and Yes
higher 2.0 sec. 2.0 sec (0.75 sec.) 3.0 sec.

Table 4. Old and New Default Intervention Timing Settings for Reading Assistant

I ntervention Wait Time Sider

The default values given in the table above valldppropriate for the majority of users,
especially now that the timing parameters are diégenon reading text level. However
the ability to adjust these values on a per-ussisha desirable, particularly for users

with speech or language disorders, or in othersca$ere it may be helpful to give a user
more time to struggle with words. These valueslmaadjusted from the default settings
via the ‘Intervention Wait Time’ slider which cae bccessed from the Reading Assistant

Scientific Learning: Research Reports, 13(13):1-18
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client or Gateway Edition software. Since the dé&faalues now vary by text level, the
slider in Reading Assistamt Expanded Edition represents settings on a relatiaée
(‘more time’ or ‘less time’ relative to the curresigéfault) rather than giving slider settings

in seconds.

Words Correct Per Minute Calculation

The Words Correct Per Minute (WCPM) calculation wdgisted in Reading Assistant
Expanded Edition to make it more comparable topepassessment of WCPM.
Because Reading Assistant is more interactive éhaaper assessment, WCPM scores
from these two sources should not be expectedrtesymond exactly. Still, this
correspondence is much higher in Reading Assiéapanded Edition than it was in

prior versions of the software.

In a paper assessment, a teacher will intervemi(e the word to the reader) only if the
child is completely stuck on a word and is not pexting in the text. In Reading
Assistant, the software will intervene (highlightvard and/or provide an audio prompt)

if it detects a significant error, even if the usentinues to read. This may happen in the
case of user error (e.g. a skipped word), and rsayteppen if the software
misrecognizes a word. In cases where the userdrsmued to read, this adds time to

the total time taken to read a passage, sincesiiehas to back up to the error and repeat
from there. This ‘time penalty’ will tend to resin lower WCPM measurements
compared to a paper assessment.

The reading-time measurement used to calculate WG&\been changed by
discounting (removing from the total time takené¢ad a passage) time corresponding to
repeated words, if the repetition immediately foMoan intervention. We assume that
repetitions following an intervention were ‘promgter caused by the intervention.

Spontaneous repetitions or self-corrections thatiom reading and are not associated

Scientific Learning: Research Reports, 13(13):1-18
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with an intervention will continue to be countediie total time just as they would in a

paper assessment.

In addition to a reading-time measurement, the WQ@RMulation also requires a count
of words correctly read. In a paper assessmenmtjsa@an only be ‘correct’, or

‘incorrect’, whereas in Reading Assistanthere are three levels of color coding for
correctness level: red, blue, and green. Red iteBca word where the user was given a
full audio intervention and was prompted with therd; blue coding typically indicates a
more subtle error, stumble, or hesitation on a wgrelen indicates a correctly read word.
For the purposes of the words-correct count, retedavords will not be included in the
words-correct total, but all other words will beluded.

The Words Correct Per Minute algorithm describeavabvas implemented for Reading
Assistant Expanded Edition. To test the WCPM datean and whether it accomplished
the goal of reducing the ‘time penalty’ causedrigiventions, we compared manually
determined WCPM to Reading Assistant Version 4 WQR&Asurements, and to the
new Reading Assistant Expanded Edition WCPM measaingés. This comparison used
28 passages from 20 test speakers in the Soutledeal mata collection. The passages
and speakers were chosen to be representativiferedi age ranges, genders, and
intervention rates. The passages chosen were shtiat the manual editing and
calculations could be done reasonably quickly.ingle audio file for each passage was
generated with ‘beep’ sounds inserted where inte¢ives were given to the user. The
manual total time calculation was made by ‘editiogt repeated portions of audio where
the repetition was prompted by an interventione Tanual process also involved
counting the reading errors that the user madaaahese could be subtracted from the
total words in the passage to get a ‘words cor@mint. From these two measurements

(total time and total number of words correct) a RXCmeasurement was made.

Scientific Learning: Research Reports, 13(13):1-18
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Average Average %
Ca\;\ég::;l Izlon WCPM | Differencein WCPM
Compared to Manual
Readmg Assistant 104 -13%
Version 4
Reading Assistant 112 6%

Expanded Edition
Manual 118 -

Table 5. Comparison of Reading Assistant and Manual WCPM
Calculations

Table 5 shows the results for the manual calculat@n recorded data as compared to
Reading Assistamt Expanded Edition and Reading Assistant Versiddoth the old

and new Reading Assistant algorithms result in oneasents that are lower, on average,
than the manual editing calculations. HoweverRbading Assistant Expanded Edition
result is much closer to the manual calculatiodiciating that the new implementation is
successful in significantly reducing the ‘time pkyiacaused by interventions in cases
where the user is reading fairly fluently and coués reading. A gap in WCPM
calculations still exists in comparison to the narealculations. This is mainly due to
recognizer errors that prevent the software froteagng that a user has read on and
therefore the time correction is not made. Thecléqy doing the time correction can be
improved based on an analysis of remaining diser@pa in future versions, thereby

reducing the gap further.

Default Glue Word List Changes

In Reading Assistant, words in a story are giveateagory assignment which influences
how they are processed and treated in Record MgiRg&ode. This assignment can
affect logic and settings in the speech recognsoftware and in the associated
processing and feedback modules. ‘Glue’ wordsaarategory typically composed of
short, very common words such as articles and giepos, which it is assumed that the

Scientific Learning: Research Reports, 13(13):1-18
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reader already knows. These words are typicallymportant to meaning, and they are
often elided or de-emphasized in speech whichtesutheir being misrecognized. For
these reasons, we do not require correct recogrotiohem to allow the user to proceed

in the text.

Previous versions of Reading Assistanised a relatively long list of 65 glue words as
the ‘default’ glue list, which included many promsuand other common words. Specific
words in text could be moved from the ‘glue’ catggmto another category, but this had
to be done manually on a story by story basis.

The new content in Reading Assistant Expanded d&dficuses on below-grade-level
readers and has more content at lower readingslévah previous content anthologies.
Due to this shift in focus it was important to diexenew shorter default glue word lists

for lower content levels, since many words on tkisteng longer list will not be known

or automatic for readers at these levels. At #mestime, these changes need to be made
carefully so that the false negative rate of Regdiasistant (how often we stop a user
when they haven't made an error) does not increasenuch and impact usability.

New lists were developed for first and second gradeling levels, taking into account
both performance and pedagogical consideratioesfofPnance (false negative rate) was
measured using automated Reading Assistant testingcorded data. The data corpus
used was the K-2 Data Collection. This data ctl@cused an early version of the
RAEE content and focused on below-grade-level nsadérom a performance
standpoint, the criterion used was that a redusedduld not increase the false negative
rate by more than 10% relative (e.g. a 1.0% ratddooot increase to more than 1.1%),
relative to the original list, when tested on theset of story readings at the target grade

level or levels.

Scientific Learning: Research Reports, 13(13):1-18
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From a pedagogical standpoint, many pronouns vamneved from the reduced lists
since these are often the subject or object andeamportant for meaning. Three
longer, more difficult (in terms of letter to soundes) words were also removed from

the original 65-word list based on pedagogical rec@ndations.

The default glue word lists by reading level arewh in the tables below. These are used
to automatically assign words in a text to the glagegory. However this automatic
assignment will be overridden in some cases, basemnsiderations including a word’s
importance in the particular context, as well hoarals are sequenced (for example how
many glue words occur in a row in a sentence).rdfbee a word which appears on a list
below will not necessarily be categorized as a gloed every time in appears in texts at
those reading levels.

the in

a an
and at
to on
of but

Table 4. Default Glue Word List for Reading Levels 1-1 and 1-
2 (These will apply to all future 1-x reading level; currently
there are only 1-1 and 1-2 content levels.)
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a in SO
an it's the
and its to
as no too
at not up
be of with
but on yes
by or

Table 5. Default Glue Word List for Reading Levels 2-1 and 2-

2 (Inthe future, these will apply to all 2-x reading levels;
currently there are only 2-1 and 2-2 content levels.)

a for into our was
am from IS out we
an get it she were
and go its SO what
are had it's that when
as has may the who
at have me them with
be he my then yes
but her no this you
by him not to your
can his of too

did I on up

do in or us

Scientific Learning: Research Reports, 13(13):1-18

Table 6. Default Glue Word List for Reading Levels 3-1 and Higher



Page 18 of 18

Conclusion

Reading Assistamt Expanded Edition incorporates a number of signiica
improvements which impact its Reading Verificateapability (‘Record My Reading’
mode). These improvements will make Reading AasidExpanded Edition more
effective in providing guided oral reading practibeilding and measuring fluency skills,
and supporting comprehension and vocabulary dexedop

Notes
To cite this report: Scientific Learning Corporatid2009). Reading Verification
Improvements in Scientific Learning Reading Assistd Expanded Edition, Scientific

Learning: Research Reports, 13(13): 1-18.
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