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Abstract

This report provides details about the Geor§tadent Growth Model
methodology and presents a descriptive analysis of the 2019 SGP
calculationprocessandresults.
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1 Introduction

This reportcontains details on the 20P®19 implementation of the student growth-per
centile (SGP) model for the state of Georgia. The National Centerfor the Improvement
of Educational Assessment (NCIEA) contracted with the Georgia Department of Education
(DOE) to implement the SGP methodology using data derived frons¢oegia Milestones
Assessment Systdm create theGeorgia Student Growth Model (GSGM)he goal of the
engagement with DOE is to create a set of egmmce analytics techniques and conduct
analyseshatwill eventuallybe conductedexclusivelyby DOE in following years.

The SGP methodology isnaopensource normand criterioareferenced student growth
analysis that produces student growth percentiles and student growth projections/targets for
eachstudentin the statewith adequate longitudinal datahe methodology is currently
used for many purposes. States and districts have used the results in various ways
including parent/student diagnostic reporting, institutional improvement, and school and
educator accountability. Specifics about the manner in which growth is included in
accountdility frameworks, such as th€ollege and Career Ready Performance Index
(CCRPI),can be found imlocumentgelatedto thoseaccountabilitysystems.

This reportincludesfour sections:

/ Data - includes details on the decision rules used in the raw data preparation and
studentrecordvalidation.

Z Analytics - introduces some of the basic statistical methods and the computational
processmplementedn the 2019 analyses.

/ Goodness of Fit - investigates how well the statistical models used to produce SGPs
fidt Geor gi a Thistinclddesndissugsiondoh goadness of fit plots and the
studertlevel correlationsbhetweenSGPand prior achievement.

/ SGP Results - provides basic descriptive statistics from the 2019 analyses at both the
stateandschoollevels.

This report also includes multiple appendices. Appendix A displays Goodness of Fit plots
for eachanalysisconductedn 2019. AppendixB providesatechnicaldescriptionof the SIMEX
correction for measurement error with specific applications to Geofgipendix C is an
investigationof potential ceiling and/orfloor effectspresentin the Georgiaassessmerdata
andgrowth analyses.
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2 Data

The Georgia DOE supplied Milestones asfegrade (EOG) and enaf-course (EOC) test
data used in the 2019 SGP analyses to the NCIEA in late summer of 2019. These test records
were added to existing Georgia assessment tlataeate the longitudinal data set from which
the 2019 SGPs were calcul at ed. Subwyeamdata nt vy
set allowing DOE to maintain comprehensive longitudinal data for all students taking the EOG
andEOC Milestonesassessnrgs.

StudeniGrowthPercentilehavebeenproducedor studentgshathavea currentscoreandat
least one prior score in either the same subject or a related content area. For the 2019 academic
year SGPs were produced for grdeeel EnglishLanguage Arts (ELA) and Mathematics, as
well as for EOC test subjects includingy @rade Literature, American Literature, Algebra |,
Geometry,CoordinateAlgebraand Analytic Geometry.

2.1 Longitudinal Data

Growth analyseson assessmentlata require datatha are linked to individual students
over time. Student growth percentile analyses redtige minimum two, and preferably three
years of assessment data for analysis of student progmskis end it is necessary that a
unique studenidentifier be available so that student data records across years can be merged
with one another and subsequently examined. Because some records in the assessment data set
contain students with more than one test score in a content area in a givenpyeaesa to
createuniquestudentrecordsin eachcontentareaby yearcombinationwasrequiredin order
to carry out subsequent growth analyses. Furthermore, student records may be invalidated for
other reasonsThe following business rules were used tthei invalidate particular student
recordsor selectthe appropriateecordfor usein the analyses.

2.1.1 General business rules

1. Studentrecordsareinvalidatedif the studentidentifier is not exactly 10 digits long.

2.Student recor ds sowliedohscaleisses ontgide of fihksl possible range
(usually0) areinvalidated.

3. Studentrecordswith anadministrativeflag thatresultedn anonscorecode(e.g.,student
cheating, provision of inappropriate accommodations, or students thabtdadtempt
the test) areinvalidated.

Beginningin 2014GeorgiaDOE hasperformedhemajority of theselectiorandinvalidation
of student records, incorporating these and other business rules ifQlttede used to pull
studentrecordsfrom their daa warehouse.

12019 Prior assessment data include Milestones data from-ZE through 2012018. Data from the
CriterionReferenced Competency Tests (CRCT) and EOCT assessment programtawsedoin SGP
calculations.
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2.1.2 EOG specific business rules

1. If astudenthasmultiple records(duplicatefrom the samesubjectandgrade),therecord
with the highestscorewasselected.

Tablel showsthenumberof valid EOGstudentrecordsavailablefor analysisafterapplying
the generaland EOG specificbusinessules?

Table 1: Numberof Valid EOG StudentRecordsby Gradeand Subjectfor 2019

Grades
ContentArea 3 4 5 6 7 8
ELA 129,217 133,538 136,497 136,651 133,189 124,638
Mathematics 129,142 133,477 136,445 136,602 132,728 103,282

2.1.3 EOC specific business rules

1. If a student has multiple records from the same subject and administration period, the
recordwith the highestscorewasselected.
2. For students who participated in two main administrations in 2019 giwelents who
failed and retook an EOC coursein the sameyear), the first attemptis usedas a prior
to producean SGPfor the final attempt.In subsequenyears,their final attemptmay
be usedasa prior for otherEOC analyses.
3. Studentsvho havetestedout of EOC coursesareinvalidated3

Table 2 shows the total number of valid EOC student records available for analysis after
applyingthe generaland EOC specificbusinessules.

Table 2: Total Numberof Valid EOC StudentRecordsby Subjectfor 2019

ContentArea Valid Records

Grade9 Lit 138,822
AmericanLit 124,786
Algebral 124,818
Geometry 113,342
CoordinateAlgebra 20,989
Analytic Geometry 19,505

2This does not represent the number of S@R&luced, however, because students are required to have at
leastone prior scoreavailableaswell.

3Beginningin 20132014 ,studenthadtheopportunityto testoutof anEOCcourseby takingthetestearly
and scoring athe highest performance levél i Di st i ngui shed Learner o) . SGPs
currentyear testout attempt.Successful attemptsiowever, areusedas priorscores insubsequeny e ar s 6

analyses.
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3 Analytics

This section provides basic details aboutdhkulation of student growth percentiles from
Georgia state assessment data usingRth®oftware Environmen(R Core Team, 2019) in
conjunction with thesGRpackagegBetebenner, Vanlwaarden, Domingue, & Shang, 2019).

Broadly, the SGP analysis of the Georgia longitudinal student assessment data takes place
in two steps:

1. DataPreparation
2. DataAnalysis

The majority ofthe effort in the above twstep process lies with Step 1: Data Preparation.
Following thorough data cleaning and preparation, data analysis usiBgthpackage takes
cleandataandmakedt aseasyaspossibleto calculate summarizeputputandvisualze the
resultsfrom SGPanalyses.

3.1 Data Preparation

Thedatapreparatiorstepinvolvestaking dataprovidedby the GeorgiaDOE andproducing
a.Rdata file that will subsequently be analyzed in Step 2. This process is carried out annually
as new datdbecomes available from the state assessment progitaendata housed by the
Georgia DOE Information Technology department is extracted, cleaned and processed using a
two stepprocess:

Step 1la. Initial data extraction and cleaning

In this first step dormatted data set is extracted from the Georgia student data warehouse
using an internabQL connection and command script. Through this process, student records
areselectedandinvalidatedbaseduponthe businesgules discussedbove. The endresultis
a pipedelimited file where each valid student record is unique by content area, school year,
studentidentifier (GTID), andtestadministrationperiod.

Step 1b. Final data cleaning and preparation in R

In this stepthe datafrom step lais readinto R and modified slightly. The resultis a
.Rdata file containing data in the format suitable for analysis withSz#> package This data
is combinedwith prior y e a Milesfonesdatato completethe 2019 analysesandis storedin
an updatedSGP classobject. With an appropriatelongitudinal data set preparedwe move
tothe calculationof studentlevel SGPs.

3.2 2019 Data Analysis

The objective of the student growgercentile (SGP) analysis is to describe how typical a
studentdés growth is by examining his/ her curr
achievement history; i.ghis/heracademic peergseeSection 2 of the GSGM FAQThis norm
referencedgrowth quantity is estimatedusing quantile regression(Koenker, 2005) to model
curvilinear functional relationshipsbetweens t u d enot ané current scores. One hundred
such regressionmodels are calculatedfor each separateanalysis(defined as a unique year by
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contentarea by grade by prior order combination,with studentgradelevel ignoredin EOC
subjects).The end product of these100 separateregressionmodelsis a single coefficient
matrix, which servesas a look-up table to relate prior studentachievementto current
achievementor eachpercentile. This processultimately leadsto tensof thousandf model
calculations(and many more when SIMEX measuremenerror correctionsare performed)
during eachof G e o r cannaafbatch of analysesFor a more in-depth discussionof SGP
calculation,seeBetebennef2009), and seeShang,Vanlwaardenand Betebennef2015) and
AppendixB of this reportfor furtherinformationon the SIMEX measuremengrror correction
methodology.

The 2019 GeorgiaSGP analysesfollow a work flow establishedn previousyearsthat
includesthe following 4 steps:

1. Updatethe Georgiaassessmennetadatarequiredfor SGP calculationsusingthe SGP
package.

2. CreateannualSGPconfigurationsfor analyses.

3. Conductall EOG andEOC SGPanalyses.

4. Combineresultsinto the masterlongitudinal data set, summarizeresults and output
data.

3.2.1 Update Georgia meta -data

The use of highelevel functions included in thBGP package (e.canalyzeSGIPrequires
the availability of state specific assessment informafidnis me&-data is compiled in &
object named®&GPstateDatat h a t I's housed in the package.
wererequiredfor the 2019analyses.

3.2.2 Create SGP configurations

Unlike most EOG analysesEOC analysesare specializedenoughso that it is necessary
to specify the analyses to be performed via explicit configuration démleseveral years,
configurations have been employed to conduct EOC SGP analyses for Georgia. Beginning in
2015 configurations were used for EOG SGP analyses as wetlh ahows for consistency
between the EOC subjects and for all analyses (particularly student growth projections) to be
run concurrently.

Configurations ardR code scripts that are used as part of the larger SGP analysis to be
discussedater. They are broken up into separateR scripts basedon contentarea (ELA
and Mathematics) Each configurationcode chunk specifiesa set of parameterghat defines
the norm group of studentsto be examined.Every potential norm group is defined by, at
a minimum, the progression®f contentareaand academicyear, as well as gradelevel for
the EOG analyses.BecauseGeorgia allows for repeatedtest administrationswithin each
year, the sequence in which score observations occur must alsdumked. Therefore, every
configurationusedcontaingthefirst four elementdisted below. TheEOCanalyseslsocontain
the fifth througheighthelements:

1. sgp.content.areas The progressiorof contentareago belookedat andtheir order.
2. sgp.panel.years The progressiorof the yearsassociatedvith the contentareapro-
gression(sgp.content.areay, potentiallyallowingfor skippedor repeategears etc.
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3. sgp.panel.years.within The progression of the observatisaquence associated with
each yearRequired when multiple test scores are present within a given Yalares
maybesetto LASTOBSERVATIONr FIRST OBSERVATION

4. sgp.grade.sequencesThe grade progression associated with the configuration content
areas and years. Thevaluee OCgtbands f or 0 EAThe BBd oftBeo u r s €
genericd E O Gallodvs for secondarngtudentso becomparedasedon the patternof
coursetaking ratherthanbeingdependentipongradelevel designation.

5. sgp.exact.grade.progression When set to TRUE this elementwill force the lower
levelfunctionsto analyzeonly the progressiorasspecifiedin its entirety. Otherwisethese
functionswill analyzesubset®f theprogressioriior everypossibleorder(i.e.eachnumber
of prior time periods of data availabléjvVhen set tofrRUE a norm group preference system
is usuallyrequiredaswell.

6. sgp.norm.group.preference Becausea studentcan potentially be included in more
than one analysis/configurationmultiple SGPswill be producedfor somestudentsand
a systemis requiredto identify the preferredSGPthatwill be matchedwith the student
in thecombineSGPstep. This argument provides a ranking gpcifies how preferable
SGPs produced from the analysis in question is relative to other possible LS%/@5.
numberscorrespondwith higher preference Higherpreferences givento:

AProgressionsvith the greatesnumberof prior scalescores.

AProgressionin which a studenthasrepeated course.

AProgressionthatdo notincludea skippedyear(i.e. agapin the scalescorehistory).
AProgression$or block-schedulecoursetaking patterns.

7. sgp.projection.grade.sequencesThis elemenis usedto identify thegradesequence
that will be used to produce straight and/or lagged student growth projections. It can
eitherbeleft out or setexplicitly to NULL to produceprojectionsbasedn thevaluespro-
vided in thesgp.content.areasand sgp.grade.sequenceslements Alternatively,
when sSNOPRQIECTIONS, no projections wil/| be prod
configurations that correspond to the canonical course progressions carepstudient
growth projections.The canonicalprogressionsre codified in the SGPpackagehere:
SGPstateData[["GA"]][['S®_Configuration"]][['content _area.projection.sequence"]]
8. sgp.exclude.sequencesLookup tdle containing the grade, subject, and year-com
binations of students that should be excluded from a cohort. This element is used in
progressions in which a year or similar time period is skipped (i.e. a gap in time exists).
Forexamplejn aprogressionhatgoesfrom 8h gradeMathematicso EOCAlgebral
with a skipped year in between one may want to exclude kids that repeatedtither 8
gradeMathematicsor Algebral, ortook othermathrelatedsubjectde.g.Geometry)n
the skipped yeaStudents with different course progressions may be inappropriate to
includewith the cohortof studentsvho truly hadno mathematicselatedcoursen the
interveningyeatr.

As anexample hereis oneAlgebral configurationusedto definea 2019 SGRanalysisthat
includesa skippedyearandrequiresall eight configurationelements:

4This abbreviationdiffers from Ge o r guseaf@ £ O (batjs arequiredconventionin the SGPpackage.
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ALGEBRA_1 .2019 = list(

sgp -content .areas=c( WATHEMATICSQO @ATHEMATICSS @ALGEBRA_I O,

sgp -panel .years=c( 3016 3017 3019,

sgp -panel _years ._within=c("LAST_OBSERVATION",
"LAST_OBSERVATION" , "FIRST_OBSERVATION") ,

sgp -grade .sequences=list (c(BQ B aAOCT D),

sgp -exact .grade .progression=TRUE,

sgp -norm .group -preference=6,

sgp -projection .grade .sequences="NO_PROJECTIONS" ,

sgp -exclude .sequences = data.table(
VALID_CASE = ¥ALID_CASEQ
CONTENT_AREA=c( GWATHEMATICSQ @ALGEBRA_| §Q EOMETRY O,
YEAR=c(&EM018& &018EH &018S,
GRADE=c(BQ AOCTQ @AOCTP))

3.2.3 Conduct SGP analyses

Due to differencesin the time-framesin which the EOG and EOC were validated and
made available, EOG and EOC SGPs were calculated at separateGohestreferenced
(uncorrected)and SIMEX correctedSGPswere calculatedfor eachindividual analysis.We
use theupdateSGPfunction toa) do the final preparation and addition of the 2019 cleaneld
formatted data to &GP class object frepareSGP step) andb) calculate SGP estimates
(analyzeSGhRstep).

Student growth projections were also computed for both EOG and EOC student growth
analyses in thanalyzeSGPstep. Due to the data delivery timeline, EOG growth projestion
targets extending beyond thé &rade are calculated using preliminary EOC results using
student data from the winter and spring assessment periods only (excluding summer). Growth
projectionsarediscussedn moredetailin theid St u@rewh{l a r gsedtienaf this report.

3.2.4 Merge, output, summarize and visualize results

Once all analyses were completed the results were merged into the master longitudinal data
set combineSGPstep).A pipe delimited version of the complete long data is outputpUtSGP
step) and submittedto the GeorgiaDOE after someadditionalformatting to addfields such
as studentsd entire prior score and cour se
s t a vismaization toal In this stage an additional check is also performed in which SGP
resultsare removedwhenthe absolutevalue of the differencebetweenthe uncorrectedSGP
andRankedSIMEX SGPis equalto 20 or more (|SGRincorrected] SGPrankedsiMEA O 20)
Finally, the SGPresultsaresummarizedisingthesummarize SGPfunction which produces
many tables of descriptive statistics that are disaggregated at the state, district and school
levels, as well as othéactors of interest. Visualizations (such as the bubble charts used in this
report and Agrowth and achievement o charts)

tablesusingthe visualizeSGHunction.
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4 Goodness of Fit

Cubic B-spline basis functions are used in the calculation of SGPs to more adequately
model the heterosdasticity, norlinearity and skewnesshat is frequently observed in
assessment data. Thesumptions that are made imstinodeling process can impact hovell
the percentile curves fit the datAccordingly, a thoroughevalat i on of t he mode
assessment data is alwagguired.

Examination of the Georgia Student Growth Model goodoéss was conducted by first
inspectingmodel fit plots the SGP software packageproducedfor each analysis, and subse
guently inspecting studentlevel correlationsbetweengrowth and achievement.Discussionof
the model fit plots in general and examples of them are provided below, as are tables of the
correlationresults.The completeportfolio of modelfit plots is provided in Appendix A.

4.1 Model Fit Plots

Using all available EOG and EOC scores as the variables, estimation of student growth
percentileswas conductedfor eachpossiblestudent(thosewith a currentscoreand at least
one prior score)Each analysis islefined by the grade and content area for the geack
analyses and exact content area (and grade when relevant) sequences for the EOC subjects.
Georgia has added an additional requirement that an analysis cohort must have at least 1,500
students in orer to calculate SGPs. A goodness of fit plot is produced for each unique analysis
runin 2019andareall providedin AppendixA to this report.

As an example, Figure 1 shows the resultgtieranalysis of th8" grade ELAcohortas
an example ofgood modelfit. Figure 2 is an example of minor model misfit from the
Geometry analysis for thefi s aynear 0 repeatercehert (i.e. studentshave two
Geometryscoresin 2019).

The two panels compare the observed conditional density of the SGP estmthtehe
theoretical (uniform) density. The bottom left panel shows the empirical distribution of SGPs
givenprior scalescoredecilesin theform of a10by 10 cell grid. Percentagesf studenigrowth
percentiles between the t1020h, 30n, 40h, 50, 60h, 70h, 80h, and 9@ percentiles were
calcul ated based upon the empirical deci | e ¢
With an infinite populationof testtakers,at eachprior scaledscore,with perfectmodelfit,
the expectation is to have 10 percent of the estimated growth percentiles between 1 and 9, 10
and 19, 20 and 29, . . ., and 90 and D@viations from 10 percent, indicated by red and blue
shading, suggests lack of model fit. The furthbove 10 the darker the red, and the further
below 10 the darkerthe blue.

When large deviationsoccur, one likely causeis a clusteringof scalescoresthat makes

51t should be noted that the independentestimationof the regressionfunctions can potentially result in
the crossingof the quantile functions. This occurs near the extremesof the distributionsand is potentially
morelikely to occurgiven the useof nonlinear functions. A potentialresultof allowing the quantilefunctions
to crosswould be lower estimatedgrowth percentilesfor higher observedscalescoresat the extremes(given
all else equal in prior scores) and vice versa.order to deal with these contradictory estimatpsantile
regression results are isotonized to prvquantile crossing following the methods derived by Chernozhukov,
Fernandex/al and Glichon (2010).

5The total studentsin each analysisvaries dependingon grade and subject, and prior score deciles are
basedonly on scoresfor studentsusedin the SGPcalculations.
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It i mpossible to Asplito the score at a di v
adjacent cellThis occurs more often in lowest grade levels where fewer prior scores are available
(particularly in the lowest grade when only a single psoavailable). Another common cause
of this is small cohort size (e.g. fewer than 5,000 students). Smaller cohorts generally have less
variability in most cases, which makes differentiating between students more difficult. Further
compounding thisissuei@e or gi ad6s <case, these smal/l cohort
morehomogeneouacademigerformancege.g.courserepeater®r accelerategtudents).

The bottom right panel of each plot is aXplot which compares the observed distribution
of SGPs wih the theoretical (uniform) distributioln ideal plot here will show black step
function lines that do not deviate greatly from the ideal, red line which traces the 45 degree
angleof perfectfit.
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4.1.1 Uncorrected model fit

Although theofficial SGPs wused in Georgiabds accountabi
measurement error correction, we provide uncorrected SGP plots here as exemplars-of cohort
referenced model fit, and to compare with SIMEX corrected and Ranked SIMEX models that
use thesame student data in the subsequent sections. The results in all subjects are excellent
with few exceptiongseeAppendixA).

Figure 1: Goodnessf Fit Plot for 2019 Uncorrected8h GradeELA: Exampleof good
modelfit.

Student Growth Percentile Goodness-of-Fit Descriptives
2019 ELA SGP, Grade 8 (N = 110,376)
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Minor misfit in the Geometry model is likely due to several factors, such as the relatively
small cohort size and the use of a single prior in the model. These two factors often result in
clustering of SGPs in some conditional distribution grid cells (dark red cellseatljexcdark
blue cells) because the norm group data does not provide sufficient information to differentiate
between studentsAnother factor in this analysis is that course repeater norm groups are
typically homogeneousohortsof low academi@chieversThispresentafi r e s t ofri & g e
issue,makinggrowth trendsmoredifficult to model.

Figure 2: Goodnessof Fit Plot for a 2019 UncorrectedGeometryRepeaterProgression:
Exampleof slight model misfit.

Student Growth Percentile Goodness-of-Fit Descriptives
2019 Geometry SGP, Grade EOCT (N = 2,274)
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Student Growth Percenlile Range QQ-Plot: Student Growth Percentiles
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41.2 SIMEX Corrected model fit

The basic SIMEX model fits not expected to be uniformly distributed regardless of prior
achievement. In these models we expect misfit in the form of increased high SGPs for students
with lower prior performance (and a complementary decrease iB@Rs for those students),
and the reverse expectation for high achieving students. The model changes are visible in the
goodness of fit plots in Figure 3 where the basic SIMEX correction method has been applied to
the 8 grade ELAmodel,and Figure 4 fothe same Geometry progressiorpessented above.

Figure 3: Goodness ofFit Plot for 2019 Basic SIMEX Corrected8h Grade ELA:
Exampleof good modelfit.

Student Growth Percentile Goodness-of-Fit Descriptives
2019 ELA SGP SIMEX, Grade 8 (N =110,376)

1
J
a
J
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Empirical SGP Distribution
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observed distributions of SIMEX corrected SGPs deviates from a perfect uniform distribution,
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Figure 4: Goodnes®f Fit Plotfor a2019Basic SIMEX CorrectedGeometryProgression:

Exampleof slight model misfit.
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41.3 Ranked SIMEX model fit

Although basic SIMEX corrected SGPs are useful in reducing measurement error induced
bias, they are nawithout technical and practical limitations. As shown in the figures above,
the SIMEX correctiondisruptsthe uniform distribution of the individual SGP values,which
is one of the desirablecharacteristicof the SGP modelin generalbecausdt suggestghat
the full range of SGP growth values4®) is equally likely to be attained regardless of prior
achievement.

McCaffrey, et al. (2015) first suggested that ranking the SIMEX SGP values may present a
possible alternative that would have the dfesal properties of both SGP estimate types, and
Castellan@andMcCaffrey(2017)investigatedhepropertieof therankedSIMEX SGP.Among
otherpositiveresults theyfoundthattakingthe percentileranksof the SIMEX correctedvalues
resulted in anore uniform distribution than typical-shaped distribution of the basic SIMEX
SGPmodelresults.

Georgia has used ranked SIMEX SGPs atheial growth metric in their accountability
system as of 201Both basic and ranked SIMEX model properties Hrar application to
Georgiaassessmertdataare discussedn greaterdetail in AppendixB of this report.

Figures 5 and 6 are fit plots with the ranked SIMEX correction method applied to the same
8h grade ELA and Geometry repeater analyses as presented above. A more uniform distribu
tion is visible in these plots, although not as uniform as the uncorrected model. Note that the
shifts (from blue to red in the top half and red to blue in the bottommhal i n t he A St
Growth Percentile Rangeo panel are stildl pr
Q-Q plots alsosuggessomeimprovementin makingthe distributionsmore uniform.
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Figure 5:
Exampleof good modelfit.

Goodnesf Fit Plot for 2019 RankedSIMEX Corrected8th GradeELA:

Student Growth Percentile Goodness-of-Fit Descriptives
2019 ELA SGP SIMEX Ranked, Grade 8 (N = 110,369)
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Figure 6: Goodness of Fit Plot fa 2019RankedSIMEX CorrectedGeometry Repeater

ProgressionExampleof slight model misfit.
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4.2 Growth and Prior Achievement at the Student Level

Toinvestigatahe possibilitythatindividual level misfit mightimpactsummarylevelresults,
student level SGP results were examined relative to prior achievement. With perfect fit to data,
thecorrelationbetweerstuden snodstrecentprior achievemenscoresandtheir studengrowth
percentiles is zero (i.e., the goodness of fit tables would have a uniform distribution of percentiles
across all previous scale score levels). To investigate in another way, correlatioesniag
prior and current scale scores (achievement)grmtior score and student growth percentiles
were calculated. Evidence of good model fit begins with a strong positive relationship between
prior and current achievement, which suggests gnaivth is detectable and modeling it is
reasonable to begin with. A lack of relationship (zero correlation) between prior achievement
and growth confirmsthat the model hasfit the datawell and produceda uniform distribution
of percentilesacrosshepags y e ascalescorerange.

Studertlevel correlations for EOG subjects are presented in Table 3, and the results are
generally as expected. Strong relationships exist between prior and current scale scores for the
grade level analyses (column 3). Thisacalndicates that students can demonstrate high (or
| ow) growth regardl ess of prior achievement
cohortreferenced (uncorrected) SGPs are all zero, which indicates the models are perfectly fit
to the data.

SIMEX corrected SGPs induce a negative correlation between growth and prior achieve
ment. Ratherthan a uniform distribution, SIMEX producesa distribution in which growth
for lower prior achieving students is weighted upward and higher achieviryetn t s s g r o wi
weighted downGeorgia uses this correction to mitigate the effects of measurement error on
aggregate SGPs used for educator and school effectiveness indicators. Because measurement
error is always greater at the lower and upper end$efstore distribution, it may bias
aggregate SGP measures of educator or safteativenessvhen a disproportionate number
of students with relatively low/high prior achievement aomcentratedn a classroomor
school(Lockwood& Castellano2015;Shangetal., 2015).

SIMEX correctedSGPs,althoughbiasedat the studentlevel, may then decreasehe bias
in aggregateggrowth measuregas documentedn Appendix B and Shanget al., 2015). This
is borne out in column 5 of the correlation takbbetow, where the studetdvel relationship
between SIMEX corrected SGPs and prior achievement are stronger (showing a negative bias),
and the strength of the aggreghaeel relationships between growth and prior achievement
havebeenreducedseethei GuplLevelR e s udedtianfor aggregatdevel correlations).
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4.2.1 EOG Subjects

Table 3: EOG StudentLevel CorrelationsbetweenPrior StandardizedcaleScoreand 1)
CurrentScaleScore,2) SGPand3) RankedSIMEX SGP.

ContentArea Grade [Itesiscores s IRankedsivex N Size

ELA 4 0.83 0.00 -0.12 125,474

5 0.84 0.00 -0.08 128,855

6 0.85 0.00 -0.09 128,247

7 0.85 0.00 -0.09 125,122

8 0.85 0.00 -0.09 116,984

Mathematics 4 0.85 0.00 -0.10 125,364
5 0.85 0.00 -0.07 128,757

6 0.85 0.00 -0.06 128,178

7 0.87 0.00 -0.07 124,594

8 0.82 0.00 -0.07 96,323

4.2.2 EOC Subjects

Each EOC test subject is analyzed using more than one sequence of prior subjects, grades
and years, and these uniqoegressions are disaggregated in Table 4 using the most recent
prior available for each norm group (althou:
lations when available). These correlations between current and prior scale score are notably
lower thanin the EOGgradelevel normgroups,andoveralllower correlationgnaybe expected
in EOC subjectsdueto the changen specific subjectfrom one courseto the next.

Additionally, therearethreetypesof normgroupsin whichthecorrelationsaaremarkedly
lower: skipped year groups, course repeaters and high-gelievers. The use of skipped
yearsequencewill likely decreaseorrelationdduesimplyto weakeningfs t u d skifistarsd 6
knowledge during these time gagsg. see the first row for Grade 9 Literature; 0.70).

In the repeated course norm groups, decrease (attenuation) in the correlations is likely due
to fHedlefcti on biaso in the cohort. That i s
course, with results in a restriction of range in the prior scores, as well as the expected range
of current scores. As an example, see the Grade 9 Literature repeaters (second, fifth and sixth
rows) with correlations of = 0.59,r = 0.69 andr = 0.61. Selfselecion bias is also likely
atplayin thenormgroupsin whichthemostrecentprioris a 7t gradesubject.Herehigher
attainingstudentdaveenrolledin advancealassesandwe expectarestrictionof rangein

the scoresat the upperendof the scoredistributions.

The relationships between growth and prior achievement reported in Table 4 are nearly
non-existentfor cohortreferencedsGPsandslightly negativeafter SIMEX correction. These
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resultsare as expectedfor appropriatefit to the respectivemodelsas discussedn the EOG
sectionabove.

Table 4. EOC StudentLevel CorrelationsbetweenPrior StandardizedcaleScoreand 1)
CurrentScaleScore,2) SGPand3) RankedSIMEX SGP- Disaggregatedhy Norm Group.

ContentArea Most RecentPrior I'T estScores I'sgp I'RankedSIMEX N Size
Grade9 Lit 2017ELA Grade8 0.70 -0.01 -0.08 2,881
2017Grade9 Lit 0.59 0.01 -0.07 1,832

2018ELA Grade7 0.71 0.02 -0.09 6,052

2018ELA Grade8 0.83 0.00 -0.08 109,528

2018Grade9 Lit 0.69 0.00 -0.09 5,067

2019Grade9 Lit 0.61 0.00 -0.09 1,768

AmericanLit 2016Grade9 Lit 0.77 0.00 -0.10 2,574
2017Grade9 Lit 0.79 0.00 -0.09 96,430

2018AmericanLit 0.66 0.00 -0.09 4,755

2018Grade9 Lit 0.79 -0.02 -0.11 10,665

2019AmericanLit 0.59 0.00 -0.09 1,937

Algebral 2017Math Grade8 0.55 -0.01 -0.07 7,149

2018 Algebral 0.80 0.00 -0.11 8,223

2018Math Grade7 0.74 0.00 -0.07 23,621

2018Math Grade8 0.79 0.00 -0.06 71,673

2019 Algebral 0.58 0.00 -0.11 2,651

Geometry 2017 Algebral 0.71 0.00 -0.11 2,278

2018 Algebral 0.73 0.01 -0.07 92,589

2018 Geometry 0.69 0.00 -0.10 4,667

2019 Algebral 0.88 0.00 -0.09 3,251

2019 Geometry 0.74 -0.01 -0.12 2,274

CoordinateAlgebra 2018Math Grade7 0.72 0.01 -0.10 2,439
2018Math Grade8 0.81 0.00 -0.07 13,115

Analytic Geometry 2018CoordinateAlgebra 0.74 0.01 -0.08 15,604
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5 SGP Results

In the following sections basiescriptive statistics from the 2019 analyses are provided,
including the statelevel meanand mediangrowth percentilesBeginningin 2014 the Geor
gia DOE has used the SIMEX measurement error correction method in the calculation of
studentlevel SGPs. A system of ranking the SIMEX SGPs in order to improve some student
level properties of the growth measure (Castellano & McCaffrey, 2017) was added as wel
2017. Descriptive statisticsfrom the uncorrectedand ranked SIMEX correctedSGP results
are both presented here. The interested reader can find rraeptin discussions of the SGP
methodologyin the availableliterature and information aboutthe SIMEX measuremener-
ror correction methodology is available in Appendix B of this report and academic articles
(Castellana& McCaffrey,2017;Shangetal., 2015).

5.1 Uncorrected SGPs

Growth percentiles, being quantities associated with gatiidual student, can be easily
summarizecdcrossnumerougroupingindicatorsto providesummaryesultsregardinggrowth.
The median and mean of a collection of growth percentiles are used as measures of central
tendency that summarize the distributs a single number. With perfect data fit, we expect
the state median of all student growth percentiles in any grade to be 50 because the data are
normreferenced across all students in the stieliedian (and mean) growth percentiles well
below 50 represet growth |l ess than the state HAaver a
above50 represengrowthin excessof thestatei aver ageo.

To demonstrate the normeferenced nature of the growth percentiles viewed at the state
level, Tables 5 and present the cohoereferenced growth percentile medians and means for
the EOG andEOC contentareasrespectively.

Table 5: 2019EOG Median(Mean) StudentGrowth Percentileby Gradeand ContentArea.

Grades
ContentArea 4 5 6 7 8
ELA 50 (49.9) 50(50.1) 50(50) 50 (50) 50 (49.9)
Mathematics 50 (49.9) 50(50.1) 50(50) 50(50) 50 (50)
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Table 6: 2019EOC MedianandMean StudentGrowth Percentileby ContentArea.

ContentArea MedianSGP MeanSGP

Grade9 Lit 50 49.9
AmericanLit 50 50.1
Algebral 50 49.9
Geometry 49 49.1
CoordinateAlgebra 50 50.0
Analytic Geometry 49 49.2

Based upon perfect model fit to the data, the median of all state growth percentiles in each
grade by year by subject combination should be 50. Thahithe conditional distributions,
50 percentof growth percentilesshouldbe lessthan50 and 50 percentshouldbe greaterthan
50. Deviations from 50 indicate imperfect model fit to the data. Imperfect model fit can occur
for a number of reasonsomedue to thedistribution of observed assessment scéeas, floor
and ceiling effects leadingp a i b u n ¢ hpiohtlgedata)as well as fit othe SGP function
(the model)to the data The results in Tables 5 and 6 are close to perfect, alfttost all
values equal to 50The slight deviations in the EOC results are due to collapsing these
aggregations across themerouscourseprogressioranalyses.

The resultsare coarsen thatthey areaggregatedacross ten®f thousands of students.
Morer ef i ned f it anal yses wer e pr eepactaugbn i n t |
the operationalresultsbasedon betterfit is expectedo be extremelyminor.

5.2 Ranked SIMEX Adjusted SGPs

As mentioned earlier, Georgia uses SGPs that have been 'corrected’' for measurement error
in order to mitigate potential bias in aggregated SGPs at the educator and school levels (e.g.,
giving schools and teachers with higher achieving students an undaetagly and giving
schools and teachers with lower achieving students an undue disadvantage).

Descriptive statistics fromapplying this method, ranked simulatiorextrapolation, or
SIMEX for short,ar e provided here and i aboe AddtionalGoodn
technicalinformation aboutthe SIMEX procedurein generalandits usein the calculationof
cohortreferenced5GPsis providedin AppendixB of this report.
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Table 7: RankedSIMEX CorrectecEOGMedian(Mean)StudentGrowthPercentildoy Grade
and ContentAreafor 2019

Grades
ContentArea 4 5 6 7 8
ELA 50 (50) 50(50.2) 50(50.1) 50 (50.1) 50 (50)
Mathematics 50 (50) 50 (50.1) 50(50.1) 50(50.1) 50 (50)

Table 8: RankedSIMEX CorrectedEOC Median (Mean) StudentGrowth Percentileby
ContentAreafor 2019

ContentArea MedianSGP MeanSGP

Grade9 Lit 50 50.0
AmericanLit 50 50.2
Algebral 50 50.0
Geometry 49 494
CoordinateAlgebra 50 50.1
Analytic Geometry 49 49.5

A comparison of theinadjusted (Tables 5 and 6) and SIMEX corrected (Tables 7 and 8)
shows very little difference in the medians and means. This is not surprising as the majority of
the growth percentiles for students in the middle of the prior score distributions change very
little after SIMEX correction,andthe larger changeghat occurfor studentsin the extremes
of the prior scoredistributionstendto evenout.

It is important to note how, at the entire state level,ntemreferencedgrowth information
returns little information on annual trends due to its roeference nature. What the results
indicate is that a typical (or average) student in the state daratas 50 percentile growth.
That i s, Atypical student so demon sreferemded At y
results follows when subgroups are examined (e.g., schools, district, demographic groups, etc.)
Examiningsubgroupsan termsof the meanor medianof their studentgrowth percentilesjt
is then possible to investigate why some subgroups display lower/higher student growth than
others.Moreover, because the subgroup summary statistic (i.e., the median) is composed of
many individué student growth percentiles, one can break out the result and further examine
the distribution of individual results.
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5.3 Group Level Results

Unlike when reporting SGPs at the individual level, when aggregating to the group level
(e.g.,school)thecorrelationbetweeraggregat@rior studentachievemenandaggregatgrowth
Is rarely zero. The correlation between prior student achievement and growth at the school
levelis acompellingdescriptivestatistichecausd indicatesvhetherstudentsattendingschools
servinghigherachievingstudentggrow faster(on averagejhanthosestudentsattendingschools
serving lower achieving studentResults from previous state analyses show a correlation
between prior achievement sfudents associated with a current school (quantified as percent
at/above proficient) and the median SGP are typically between 0.1 and 0.3 (although higher
numbers have been observed in some states as Wadt).is, these results indicate that on
averagestudents attending schools serving lower achieving students tend to demonstrate less
exemplarygrowththanthoseattendingschoolsservinghigherachievingstudents Equivalently,
baseduponordinaryleastsquaregOLS) regressiorassumptionghe prior achievementevel of
studentsattendinga schoolaccountdor betweenl and 10 percentof the variability observed
in student growthThere are no definitive numbers on what this correlation should be, but
studieson valueaddedmodelsshowsimilar results(McCaffrey,Han,& Lockwood,2008).

5.3.1 School Level Results

To illustrate these relationships visually, the bubble charts in Figures 7 and 8 depict growth
as quantified by the median SGP of students at the school against prior achiestamusnt
quantified by percentage of studeatt / above proficient at the s
Proficiento in this case is determined by t
Learor@bDiost i g wair salgeotithepriory e aMiléstonegestout of all students
that receiveda score.The chartshavebeensuccessfuin helpingto motivatethe discussion
of the two qualitiessstudent achievement and student growlthough the figures are not
detailedenoughto indicate strengthof relationshipbetweengrowth and achievementthey
are suggestive and valuable for discussions with stakeholders who are being introduced to the
growth modelfor thefirst time. Only chartsfor the EOG subjectsare shownhere.

Previous Next First Last Back Quit



SGPResults

26

Figure 7: Schootlevel Bubble Plots foGeorgia:ELA, 20182019 (N O15).

Figure 8: Schootlevel BubblePlotsfor Georgia:Mathematics20182019(N O15).
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