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Abstract— This paper describesthe design and realization of
an automatic systemfor assessingand evaluating the language
and literacy skills of young children. This systemwas developed
in the context of the TBALL (Technology Based Assessment
of Language and Literacy) project and aims at automatically
assessingthe English literacy skills of both native talkers of
American English and Mexican-American children in grades
K-2. The automatic assessmentavere carried out employing
appropriate speechrecognition and understanding techniques.

In this paper, we describethe systemfocusingon the role of the
multiple sourcesof information at our disposal. We presentthe
contentof the assessmensystem,discusssomeissuesin creatinga
child-friendly interface, and how to provide a suitable feedbackto
the teachers.In addition, we will discussthe differ ent assessment
modules and the differ ent algorithms used for speechanalysis.

|. INTRODUCTION

In this paperwe describean automatedassessmergystem
developedin responseo the growing needfor reliable and
objective readingassessmenta US schools.The 2000Report
of the National Reading Panel [1] adwcatedthe use of
classroom-baseassessments inform readinginstruction,en-
ablingteacherso gatherdataabouta large numberof discrete
skills including phonologicalawarenessalphabetknowledge,
word decoding,sight recognitionof familiar words, uency,
vocahulary, and comprehensionskills. A system designed
to robustly meet these broad demandsmust make use of
multiple information sourceswhen eliciting responsedrom
the children, automatically processingthese responsesand
reportingassessmergcoresto the teachers.

Our systemprovides teachersof gradesK-2 with an on-
demandechnologically-sophisticatetol that allows themto
efciently gather data about their students'languageskills
from reliable classroom-basedssessments order to plan
individualizedinstructiontailoredfor eachchild's needsThe
developedsystemconsistsof 3 main parts:

a multimedia interface for presentingstimuli in audio,
text, and graphics,and for collecting data over various
sourcesand modes;

an assessmenmodule that makes use of Automatic
SpeechRecognition (ASR) technologyand is capable
of analyzing and scoring the students'responsesn a
reliable, fair, and ef cient manner;

an interface for teachers,connectedto a data mining
systemthatmonitorsstudentsprogresscreatinga query-
baseddatabasdor studentsgroups,and classes.

In eliciting reading assessmentesponsesfrom children
throughthe multimediainterface,it is clearthatno onetesting
modality - sound,graphicstext, or otherwise- is appropriate
for all assessmenasks. There are mary assessments that
of phonemeblending,for example- for which audio prompts
illustrate the questions intent much more clearly than text-
basedones.In mary casesthe test's fairnessor effectiveness
canbeimprovedby presentingnultiple modesof information
to thestudent for example theassessmemif readingcompre-
hensionby the combineduseof text andaccompaying audio.
The shortcomingsof each information source individually
can be mitigated by a careful combinationof thesetesting
modalities.

US schoolsare very diverse- in the Los AngelesUni ed
SchoolDistrict (LAUSD), for instanceover 40% of students
are consideredEnglish Learners.For this reason,our ASR
processingof the tested child's speechinput accountsfor
the possibility of accentedpronunciations(typically that of
Mexican Spanish)sothatnonnatie spealers' readingabilities
can be judged without bias. To this end, we incorporate
multiple informationsourcesnto theassessmembodulein the
form of prior knowledgeof child demographicandthe target
text and its expected pronunciationvariants,in a Bayesian
statisticalframenork alongwith the speechsignalitself.

Often teacherwwill not agreeon a strict de nition of what
constitutesa “right” answerin every case,for every type of
student- this is true, for instance,when it comesto open-
endedreading comprehensiorquestions.In a casesuch as
pronunciationassessmendf words read out loud, we might
say that the correct answerdependson a wide variety of
interdependensources,the exact relationshipamongwhich
is not always clear This further explains our motivation
in using multiple information sourcesin speechtechnology
assessmenhut alsosuggestshat the teacherinterfacefor re-
porting testresultscould bene t from accesgo all knowledge
obtainedthroughelicitation and speectrecognition,including
testprompts,pronunciationscoresand audiorecordings Our
intentionis to translateas muchof the useful variability over



all modalitiesdirectly from the studentto the teacher while
providing tools with which to teaseapart the interactions
amongthe information sourcesmaking eachstudents unique
needsmore evidentto the teacher

This paperis organizedas follows. Sectionll presentshe
children’s interface. Section lll presentsthe contentof the
systemandthe assessmeitasks.The corpuscollectedasa rst
stepof the projectis brie y describedn SectionlV. SectionV

and understandindechniquedo assesshe children's literacy
skills. Theseassessmentare not limited to reading words
or sentences for example, a child can be asled to blend
two syllablesinto a single word, to answerquestionsabouta
story readto them, or to identify the soundrepresentedy an
alphabetcharacter Analysis not only takes into accountthe
speechutteredby the child, but combinesother data inputs
suchasthe speedof the responseandthe child's demographic

describeshe ASR technologyusedin the differentassessment information (age,grade,and languagebackground).

tasks. The teacherinterface is describedin SectionVI and
conclusionsand nal remarksare reportedin SectionVII.

Il. THE CHILDREN'S INTERFACE

The rst moduleof the systemis the children's interface,
which providesappropriatestimuli to the childrenandrecords
andcollectstheir responseBy “appropriate”we meanstimuli
suitablefor thechild's gradelevel andfor thetaskat hand.For
example,certainassessmentsannotbe reliably administered
to younger studentswithout audio promptsto substitutefor

uent reading.Otherassessmeniacorporatecertaintypesof
stimuli becausehey are demandecby the natureof the test
andthe type of responsat is designedo elicit.

In addition to the choice of modality, a number of dif-
ferent aspectamust be taken into accountwhen deciding on
the appropriatenessf the stimuli. Importantfactorsare, for
example theamountof time for which the stimuli is presented,
the voice type in the caseof audio stimuli, and the character
style in the caseof written stimuli. The combinationof all
thesefactorsdetermineghe appropriatenessf the stimuli for
a certaingradelevel andtask.

When dealing with young children the quality of the in-
terfaceis critical, especiallyif the systemis designedso that
childreninteractwith it on a one-on-onebasiswithout direct
supervision,as in our case.The systemmust provide clear
directions,be sufciently stimulatingto maintainfocuswhile
limiting distractions,and motivate the children to complete
the assessmenask. Prior researcthasshown that childrenas
youngas4 yearsold caninteractcomfortablywith computer
ized agents[2].

To enableinteractive andchild-friendly assessmerslystems,
we have designeda mixed-initiative corversationalinterface
with multimodal capabilities (i.e. supportingvisual display

During the developmentof the interface several usability
studieswere conductedwith childrenandteachersA critical
issue that emepged from these studies was the timing of
the assessmertiasks. For example, more pro cient children
lost interestif the assessmertask progressedoo slowly for
them, while lesspro cient children often neededmore time
betweenitems in the individual assessmentd-urthermore,
some teacherswanted to be able to adjust the timing for
Englishlanguagdearnerstudentdo accommodatéifferences
in languagepro ciency, while otherswantedthe samespeed
to apply to all students.

To solwe this issue,in the nal versionof the interface,
the child must pressa key after completingeachitem in an
assessmertb proceedto the next item. In this way the child
hassomecontrol over the speedof the assessmerand highly
pro cient childrendon't feel the systemis too slow for them.
However, following the suggestiorof teachersand educators,
we setalso a maximumallowed time (usually 5 seconds)}o
completean item. If after that the child still hasnot pressed
the key to continue,the systemgoeson to the next item
automaticallylf this automatictimeouthappenghreetimesin
arow, theassessmenstopsaswe assumehe child is notready
for it. This is anotherexample of an additional information
sourceusedin theseassessments.

I1l. CONTENT AND ASSESSMENT TASKS

The assessmensystem was designedto provide child-
friendly, computerbasedindividual screeningand to give
monitoring assessmentthat offer maximum e xibility and
utility, areeasyto useandinterpret,andprovide teacherswith
ongoinginformationfor instructionalplanning.

The individual assessmentare situatedin an original and

touch-screeninput, and auditory stimuli). Each assessment comprehensie framework that addresseshe speci c, critical

has a speci ¢ characterassociatedwith it and the character
presentghe task (seeFigure 1 for an examplecharacter)The
children's interface enablesstudentsto independentlyaccess
the assessmentand to independentlyfollow directionsand
completetasks,thusminimizing the time spentby teachersn
acquiringinformation aboutindividual students.

Fig. 1. Exampleof an animatedcharacter presentinga word.

In most of the assessmentshe interface goes beyond
pointing andclicking by usingappropriatespeeclrecognition

skills, identi ed in the readingliterature[3], [4], [1], [5], [6],
[7], [8], [9] that children needto acquirein the early grades
of schooling to become pro cient readers.These include
assessmentd phonologicabwarenessndphonicknowledge,
word identi cation, oral andwritten languagecomprehension,
accurag, andratein readingtext.

The assessmerftamewnork was developedin collaboration
with a group of expert readingteachersAll the assessments
were designedo be embeddedn an instructionalframework
sothattheresultscouldbeusedto planinstruction.In addition,
we designedthe contentso as to minimize the amount of
time employed by the teacherand child while maximizingthe
informationalbene t of the assessment.

Following these guidelines, we designeda hierarchical
ratherthanauniformapproactto assessmenéll studentsake
benchmarkassessmentssa checkon progressandparticular



studentstake “drill down” assessmentselated to specic
skills on an as-neededbasis.Using the information from the
coreassessmentgachersnake determinationgboutwhether
sufcient informationhasbeengainedto planthe next instruc-
tional steps,or whethercertain“drill down” assessmentare
necessaryor diagnosticpurposesAn importantfeatureof the
framawork is that assessmentare organizedaroundteacher
decision points. This organizationenablesteachersto know
what assessmenthey needto target for diagnosticpurposes
andwheninstructionalinterventionsmay be necessary

In designingthe content of the assessmentsve had to
consideralsothe children's interfaceand how we elicited the
children's responseln fact, the contentand the elicitation
modescannotbe consideredseparatelya particularparagraph
can be suitable as the input for a listening comprehension
taskbut may be too complicatedfor a readingcomprehension
task. The elicitation mode was particularly important when
designingassessment®r childrenin gradekK, since mostof
themare not readyto read.In factthe testshave to be keyed
to aspeci ¢ gradeandonly a few canbe presentedo children
in all gradesK-2. For this reasonwe have differentversions
of the sameassessmerttask for differentgrades. Among the
assessmenta/e have lists of words, recognizingthe name
and soundof alphabetletters, blending syllablesinto whole
words and readingor listeningto a shortparagraphandthen
answeringto a setof questionsaboutit.

In summary the systemincludes more than 10 different
assessmenasks. Someof theseare keyed to childrenin a
certaingrade,while other can be presentedo childrenin all

assessmentandin generatheirresponséo thesystemThese
datawere analyzedby teachersand expertsin educationsand
were usedin the designof the nal children's interface.

A data-drven analysisof the pronunciationvariationsin
Spanish-accenteinglishwas carriedout on the corpus[18].
The analysisshovedthatthereis a signi cantly large pronun-
ciation variation for phonemeghat do not exist in Spanish,
andit con rmed someof thevariationsderived by knowledge-
drivenpronunciatiormodeling.Theseruleswereusedto form
an extended lexicon that was usedin all the ASR-based
assessments.

V. AUTOMATIC ASSESSMENT OF CHILDREN'S SPEECH

Evenif several modalitiescanbe usedto assesshildren's
languageand literagy, speechis the most used mode of
collectingstudentsresponseandis the onethatusuallyallows
a teacherinsight into the most information. In our system,
the speectrecognitionmodulecapturestudentsresponsesn
the assessmertasksand scoresthoseresponsesiccordingto
standardshatthe researcheamandthe collaboratingteachers
have established.

a) Word Veri cation: Arguably the mostimportantpart
of automatically assessinga new readers literacy level is
verifying his or her pronunciationof read-aloudarget words.
However, pronunciationevaluation is a dif cult task, and
especiallydif cult in children, non-natve spealers and pre-
literates.In fact, to accuratelyjudge a child's literacy level
by the pronunciationof read-aloudvords,a teachemust rst
distinguishbetweensimple allowed variantsin pronunciation

grades What follows is a brief descriptionof the assessment andtruereadingmistalesthatbetrayalapsein comprehension.

taskswherethechild hasto utteraword or letter, andthe ASR-
basedtechnologieghat are usedin the evaluationof student
responses.

IV. COLLECTION AND ANALYSIS OF IN-DOMAIN
CHILDREN'S DATA

ASR for childrenis a dif cult task:it is well known that
acoustic and linguistic characteristicsof children's speech
are widely different from those of adult speechand vary
rapidly with age [10], [11], [12], [2]. For recognition of
children's speechage-speci cacousticmodels(AMs) trained
on speechcollectedfrom children of the target age,or group
of ages,shouldbe adoptedio ensuregoodrecognitionperfor
mance[13], [14].

For this reason,the rst stepin the TBALL projectwas
the collection of a corpusof children's speechfrom about
256 studentsin gradesK-4 in the Los Angeles Unied
schooldistrict [15]. Thesestudentscomefrom diversesocio-
economicbackgroundsand their numberincludes not only
spealers of English as a secondlanguage but also children
who are acquiring English as a rst languagebut with the
accent/pronunciatioicharacteristicof Los AngelesChicano
English (a dialect of English spoken by Mexican-descended
Americans)[16], [17].

A “Wizard of Oz” interface simulating the fully-deployed
systemwas usedto collect the data. In this way precious
information could be collectedregarding children's behaior
and responseto the prompts, their interestin the various

In addition,prior knowledgeof the child's age,native language
or regional dialect may in uence what one believes to be
an acceptablgpronunciation[19]. For example,to pronounce
"can” asthe Spanish-in uencedk aan/ mayfor somechildren
be an acceptablevariant, but to renderit as /k ey n/ (the
commonmistale of making the vowel say its name)showvs
a more evident misunderstandin@f letterto-sounddecoding
rules.

This taskis usually addressedby formulatingit asa tradi-
tional pronunciationveri cation problem: given an utterance
we comparethe likelihood it was drawn from some taget
model distribution to the likelihood that it comesfrom a
ller modelof expectedreadingmistakes[20], [21]. However,
consideringthe compleity of the task, a likelihood ratio or
evena pruneddecisiontreewill not considerall availableand
necessarycuesin making an automaticliteracy assessment
decision.

The word veri cation assessmenbf this system makes
useof a Bayesiannetwork classi er that modelsthe genera-
tive story amongspeechrecognitionbasedfeatures treating
pronunciationvariants and reading mistakes as distinct but
not independentuesto an overall qualitatve perceptionof
reading With this novel methodwe areableto assesspealer's
overall literacy level with accurag approachinghe agreement
betweerexpertevaluators The detailsof the automaticassess-
mentalgorithm andthe resultsachieved are reportedin [22].

b) Syllable Blending: Syllable blending is one assess-
ment that measurephonemicawarenessan important skill



to masterto becomepro cient readers[23]. In particular it
testschildren's ability to orally blend a syllableinto a whole
word, suchasta + ble = table. The syllable blendingtaskis
designedo assesdoth pronunciationaccurag and blending
skills (smoothness)n fact, a child is considerecro cient in
this taskif:

he/shereproducesall the soundsof the original syllable
in the nal word;

he/shesmoothlyblendsthetwo syllablestogetherto form
the word.

The automaticevaluation systemis composedof 2 steps:
rst the systemmales useof an extendedpronunciationdic-
tionary for word veri cation andforcedalignmentto generate
the syllable sggmentation. Then a weighted summation of
normalizedlikelihood scoresand duration scoresis usedto
evaluatethe overall quality of the child'sresponseThe system
achieves a correlationwith teacherscoresat least as good
as the average inter-teachercorrelation. The details of the
automaticassessmerdlgorithm and the resultsachiered are

reportedin [24].

c) Letter Naming: The letter namingtaskis an assess-
mentwherethe child is simply aslkedto saythe alphabehame
of a given letter This taskis a well-known onethat hasbeen
studied extensiely in the past, but not for young children
learningto read.In thereadingveri cation paradigmthefocus
is on determiningwhetherthe correctletter hasbeensaid or
not, rather than recognizingwhich letter was said as in the
caseof alphabetrecognition.

The accept/rejectdecision was madetaking into account
recognitionresults,the likelihood of a forced alignmentwith
the target, and a con dence score. About 80% veri cation
accuray wasobtainedin this task.

d) Letter Sound: In the letter soundtask the child is
asled to producethe soundthat a given letter representsin
contrastto letter naming, speechrecognition for the letter
soundtask is not as well studied.In particular it involves
recognizingspeechsoundsut of arny word or syllabiccontext.
Moreover, a given letter canrepresenseveral differentsounds
(e.g., 'c' can be both /s/ and /k/), unlike the one-to-one
mappingof lettersandtheir names.

For the recognitionof this task, we tried both recognizing
the utterancewith a grammarto capturedis uenciesandalso
using speech/silencesegmentationas a preprocessingstep.
However, this taskis particularlychallenginggiventhe acous-
tic similarity of mary sounds.We are currently investigating
the possibility of using articulatoryinformation,time domain
featuresanda two-stepveri cation processn which the rst
stephasthe goal of identifying the phonemeclass.

e) ReadingCompehension: A basic assumptioncom-
monin educatioris thatreadingcomprehensionanbethought
of asthe joint productof printedword identi cation and lis-
teningcomprehensiof25]. In the beginning stagef reading
development,the limiting factorin readingcomprehensioris
primarily decodingability. At the beginning of theliteracy ac-
quisition processthe correlationsbetweerreadingandspolen
languageare small [26], [27], but when kids move beyond
the beginnings of learningto read, the correlationsbetween

readingcomprehensiomand spolen languagencreaseand by
college level the correlationreache<.90[28].

In this assessmentye were interestedin assessingom-
prehensionand not reading uency. In fact, for childrenin
gradesl-2, it's not clearwhetherreaderswho strugglebut in
the endsucceedn readingsomethingunderstandt lesswell
than uent readers.For this reason, uency might not be a
good predictorof comprehension.

In this assessmenASR technologywas usedto recognize
simpleyes/noquestions Simple word spottingwas usedwith
an extendedlexicon thattakesinto accountboth the Mexican-
Spanishpronunciationvariationsand the high linguistic vari-
ability of childrenwhen speakingwith a computer Answers
to open-endedjuestionswere not analyzedin this versionof
the system.

Simple word spotting was usedwith an extendedlexicon
that takesinto account

VI. THE TEACHER INTERFACE

The teacher interface enables monitoring of students'
progressand presentghe resultsof the automaticassessments
to the teacherslt is implementedas a Microsoft Excel sheet
using Visual Basic Macrosand can graphicallydisplay ASR
resultsand generateuseful reportsfor teachersThe interface
connectsn real-timeto a MySql databasewhich storesASR
results.

Using a query-baseddata mining system,a teachercan
retrieve and organizein ary way all the information needed
for assessmerdnd instruction needs.Different levels can be
displayed For example,on onelevel, ASR resultsof different
assessment®r one classare shovn.

Fig. 2. Exampleof a particular view of the top level teader interface

Fig. 2 shavsasimpli ed screenshoof thetop level with the
assessmentfReading Comprehension™;Syllable Blending”,
and “Letter Naming” arrangedhorizontally and the student
namedisted vertically. Eachnumberrepresentan ASR score
per studentand assessmeni.he ASR scoresare color-coded,
representinglifferentlevels of pro ciency.

In addition to ASR, the teacherinterface can accessall
the information derived from the various knowledge sources
gatheredduring the assessment#cluding test prompt elici-
tation mode,pronunciationscoresaudiorecordingsyesponse
speed,and child demographicinformation. The goal is not



only to transferthis information directly from the studentsto
the teacher but alsoto provide tools with which to organize
interactionsandassessmentsith respecto differentinforma-
tion sourcespointing out to the teachersvhat eachindividual
studentneeds.

While someof the information sourcesare used directly
in the ASR automaticassessment®thersare just presented
to the teachersso that they can independentlydecide how
muchweightto give themandmake amoreconsciouglecision
about possibleinstructionalinterventions. It is important to
remembetrthat this automaticevaluation systemis not meant
as a teacherreplacementput as an instructionalaid to the
teachersand studentsto improve the quality of instructionby
gatheringinformation on children's skills without investinga
large amountof the teachers time.

VIlI. CONCLUSIONS

This paperdescribedhe designandrealizationof an auto-
matic systemfor assessinghe languageand literagy skills of
youngchildrenin gradesk-2. A multimediainterface,capable
of presentingstimuli in auditory text and graphicalformat,
was developedto provide appropriatestimuli to the children.

Several assessmenmodulesthat make use of ASR-based
technologyand analyzestudents'responsesn a reliable and
efcient manner were developed. The system makes use
of differentinformation sourcesderived from the automatic
assessmenis.e. acousticscoresyesponsepeed)child back-
groundinformation (i.e. age,gendey grade,native language)
andhistory of the child's previousassessmeni{se. numberof
timesthechild repeatedhe assessmenscoresn similartests).
While only someof this information is useddirectly by the
ASR algorithms,all informationis accessibléby the teacher
to make eachstudents unique needsmore evident when the
teacherplansthe next stepsof the instruction.Informationis
provided to the teacherin a multimediainterface that shavs
students'scoresallows themto listento children's responses,
andorganizesnformationfrom differentsourcesn anef cient
way.

In the future, we plan to develop ASR technology that
can dealreliably with discourse-leel phenomenao that the
system can include assessmentike children's retelling of
stories,for example.In addition, we also proposeto extend
the systemto assessther skills such as mathematicaland
scienti ¢ reasoning.Finally, we plan to expand the current
systemto other gradelevels and languagepairs.
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