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M
otivation for Project

•
CREDO

 w
anted to support state education agency partners dealing w

ith im
pacts of CO

VID-19.

•
Loss of Spring 2020 assessm

ents affects m
ore than ESSA accountability.

•
CREDO

 holds recent data from
 m

any states.

•
CREDO

 has m
ethodological expertise to conceive and execute sim

ulations for Spring 2020 scores.

•
U

ltim
ately 20 states w

ill receive proxies –
tw

o different sets
•

Full-year proxies –
can be used for planning and gap analysis

•
Proxies adjusted for CO

VID-im
pacted learning loss –

to help educators plan for student return in 2020-2021.
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There are m
any uses of assessm

ent data in State and District operations.
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•
5 years of longitudinal student data serves as a test bed.  

•
2014-15 through 2018-19. For Tennessee, w

e took 2014-15 and 2016-17 scores to im
pute 2015-16 scores because the Tennessee 

test score data for 2015-16 w
ere incom

plete.
•

ESSA-m
andated assessm

ent data:  3
rd-8

thgrade and HS achievem
ent

•
Converted scale scores to standardized ones for sim

ulation, then translate back for deliverables

•
Pretend one year of scores is m

issing.
•

W
e used 2017-18  

•
Sim

ulate the m
issing 2017-18 score from

 rem
aining data using various options.

•
Started out w

ith 5 alternatives for non-Tennessee states; added m
ore along the w

ay.  See Technical Appendices 1
and 3

for 
details. 

•
Started out w

ith 4 alternatives for Tennessee
because the w

ay in w
hich 1516 scores are im

puted m
akes the 5

thalternative 
unfeasible; added m

ore along the w
ay. 

•
Test the predicted 2017-18 score against the actual 2017-18 score.

•
O

verall accuracy 
•

Focused accuracy –
student subgroups, grade level results and school attributes

•
Apply best perform

ing sim
ulation to recent years of data to estim

ate three
sets of 2020 scores.

•
Full-year estim

ates as if CO
VID had not occurred

•
Adjusted for learning loss

•
Achievem

ent at point of school building closure in M
arch 

•
Achievem

ent adjusted for building closure and further learning loss by end-of year using N
W

EA-generated factors 

General Approach
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Student-Level Scenarios
•

Do N
othing

•
M

any states have chosen this approach
•

Best guess of 2020 scores is last year’s grade-subject average score

•
Copy Past Year Score

•
Exam

ple:  4
thgrader gets sam

e standardized score as received in 3
rd

•
N

eeds a w
ork-around for estim

ating 3
rdgrade scores in 2020 

•
W

here 9
thgrade is not tested, need a w

ork-around for scores for 10
thgrade or higher in 2020

•
Bridging

•
Take prior and future scores and im

pute current year value
•

N
eeds a w

ork-around for estim
ating 3

rdgraders in 2020
•

Can test accuracy of approach w
ith earlier data, but the 2020 im

putation requires 2021 scores
•

Political issues w
ith 2021 assessm

ents increase the risk that this approach is infeasible

Sim
ulation O

ptions

Com
putational 

Statistical 
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•
O

rdinary Least Squares Regression 
•

U
ses differential calculus on a set of variables to find the best fit to predict a know

n outcom
e.  

•
The technique is geared to m

inim
ize the size of the error.

•
CREDO

 created estim
ates for the 2016-17 scores based on prior tests scores and dem

ographics.
•

The m
odel’s results w

ere then extrapolated to produce the estim
ates for 2017-18. 

•
The sam

e approach w
ould be used to build 2020 proxies.

•
Regression #1:  used one prior test score (3

rdgraders excluded in 2020 proxies)
•

Regression #2:  used tw
o prior test scores (3

rdand 4
thgraders excluded in 2020 proxies) 

•
"Regression #2" is not feasible for sim

ulating 2017-18 for Tennessee
because 2014-15, 2015-16 (im

puted) and 2016-17 scores form
 a circular relationship 

in the m
odel estim

ating 2016-17.How
ever, w

e are able to apply "Regression #2"to the estim
ation of 2020 proxies forTennessee.

Alternate Aggregated Scenarios
•

Historical Average of Scores by School
•

N
eed for Exam

ple:  Give all 2020 3
rdGraders the average score for 3

rdgraders in 2018 and 2019.
•

N
eeded w

here students have no historical record or w
here gaps exist in student data (e.g., high school)

•
Exam

ined 1-year, 2-year and 3-year averages.  Found 2-year average w
as best.

•
Tests for accuracy are done at the grade level.

N
O

TE:  Full technical descriptions of all the sim
ulations that w

ere tested is available in Technical Appendix 1 and TechnicalAppendix 3.  

Sim
ulation O

ptions -
Continued

Com
putational 

Statistical 
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Sim
ulation O

ption
Student-level 
Diagnostics

G
rade

w
ithin

School 
Diagnostics

School-level 
Diagnostics

Do N
othing

X

Copy Past Year’s 
Score 

X

Bridging
X

Historical Average 
Grade w

ithin School
X

X

O
rdinary Least 

Squares
X

X
X

Levels of Diagnostic Analysis

N
O

TE:  Tests of accuracy at the grade-w
ithin-school or school level produce sm

aller errors 
than the sam

e test at the student level, because the aggregated tests are based on averages.
All the individual-level variation has been elim

inated.  This w
ill produce tighter alignm

ent 
betw

een predicted and average, but also loses the precision of individual predictions. 
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Correlation: 
Actual vs. Predicted Score

Distribution of 
Actual and Predicted Score

State M
ean Absolute Error

Sim
ulation Results

Tennessee –
Reading (1)

Diagnostics by Sim
ulation Scenarios for 2017-18
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M
ean Absolute Error

by Achievem
ent Level

M
ean Absolute Error 

by Student Subgroup
-Race and Ethnicity

M
ean Absolute Error 

by Student Subgroup
-Poverty, ELL, and Special Ed

Sim
ulation Results -

Continued
Tennessee –

Reading (2)
Diagnostics by Sim

ulation Scenarios for 2017-18
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Distribution of 
Actual and Predicted Score

State M
ean Absolute Error

Tennessee –
M

ath (1)
Diagnostics by Sim
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Sim

ulation Results -
Continued
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M
ean Absolute Error

by Achievem
ent Level

M
ean Absolute Error 

by Student Subgroup
-Race and Ethnicity

M
ean Absolute Error 

by Student Subgroup
-Poverty, ELL, and Special Ed

Sim
ulation Results -

Continued
Tennessee –

M
ath (2)

Diagnostics by Sim
ulation Scenarios for 2017-18
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Building Full-Year 2020 Proxies

Principles for Building 2020 Proxy Scores

1.
Student-level proxies are the first preference.

2.
Best sim

ulation is the one w
ith sm

allest prediction error, even if it covers sm
aller num

bers of 
students.
•

overall
•

by student groups 
•

by school 

3.
“Closely related” m

odels w
ith sim

ilar approach and errors can be used to fill in observations if 
needed.

4.
W

ill m
ove to grade-level estim

ates only w
hen no satisfactory student-level approach is 

available.
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Building Full-Year 2020 Proxies -
Continued

•
Best approach is Bridging, but it isn’t available now

 and m
ay never be.

•
Second-best is Regression w

ith Tw
o Prior Scores.

•
Average M

ean Error is very close to Bridging.
•

Errors by student dem
ographics are evenly distributed for m

ost groups.
•

Errors by school characteristics are evenly distributed.
•

Trouble spots:
•

High school scores have large errors, due to ESSA testing patterns, course pathw
ays and end-of-course test requirem

ents.
•

N
o 3

rdor 4
thgrade proxies possible from

 this approach.

•
W

ork-aroundsgive us “partial” solutions.
•

W
anted to im

prove predictions for som
e student subgroups.

•
U

sed 4
thgrade proxies from

 Regression w
ith O

ne Prior Score (3
rdbest results overall)

•
Gave all 3

rdgraders the average score for their school from
 prior tw

o years  
•

Gave high school tests the average of past tw
o years’ achievem

ent scores.
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Building Adjusted 2020 Proxies

•
The CREDO

 team
 created tw

o different sets of adjustm
ents to the Full-Year Proxies.

•
The first adjustm

ent, School Building Closure, m
easures the achievem

ent of individual students at 
the point of school building closures as required by the Governor’s Executive O

rder.
•

W
e estim

ated the num
ber of classroom

-based days of schooling that students did not experience.
•

U
sing CREDO

’s approach to estim
ating Days of Learning, w

e calculated the learning im
pact of lost classroom

 tim
e. 

•
This value w

as subtracted from
 each student’s Full-Year Spring20 proxy.  

•
The resulting estim

ate of achievem
ent is the m

inim
um

 bound of w
hat students learned in 2019-2020.  If no further 

learning occurred, the estim
ate represents the student’s total learning for the year.

•
The second adjustm

ent, called Learning Slide, estim
ates the am

ount of learning that faded 
betw

een school building closures and the end of the regular school year.
•

N
W

EA collaborated w
ith CREDO

 to create Learning Loss factors (described on next page) at the grade by school level.
•

U
sing a conservative approach, the factors w

ere applied to the grade average School Building Closure proxies. 
•

The final proxy scores show
 the upper-bound learning loss for the 2019-2020 year.
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N
W

EA Learning Loss Estim
ates

•
N

W
EA created grade-w

ithin-school estim
ates of CO

VID-related learning loss students 
experienced.  Their m

odels included aggregated student characteristics supplied by CREDO
.        

For further details, please refer to Technical Appendix 2.

•
If m

ore than 10 percent of schools in a state took M
AP assessm

ents, N
W

EA created state-specific 
estim

ates.  The set of M
AP-taking schools is not assured to be representative of the full student 

population in the state.  

•
In all other states, N

W
EA built a national set of estim

ates using a sam
ple of M

AP test takers.

•
CREDO

 rejected N
W

EA estim
ates for tw

o states, based on com
parisons of the dem

ography of the 
test takers versus the K-12 population in the state, and sw

apped in the national set.

•
In Tennessee, the estim

ation of learning loss used Tennessee-specific estim
ates to produce 

proxies of achievem
ent adjusted for learning loss from

 school closures.
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N
W

EA Learning Loss Estim
ates -

Continued

Caution is advised in the use of Learning-Loss-Adjusted Achievem
ent proxies.

•
Som

e student groups m
ay be under-represented in the N

W
EA database.

•
The adjustm

ent factors are tailored to 504 different com
binations of school dem

ographics, grades and subjects.      
Som

e “rare” com
binations m

ay apply to sm
all num

bers of schools.  The estim
ates that arise from

 these sm
all 

sam
ples m

ay be m
ore vulnerable to m

easurem
ent error than m

ore com
m

on com
binations.

•
The high schools that use M

AP for interim
 assessm

ent generally have substantial shares of rem
edial students; the 

factors that are derived m
ay overestim

ate the degree of learning loss for high schools that have higher levels of 
achievem

ent. 

The best approach to the adjusted achievem
ent proxies is to use them

 for relative com
parisons 

w
ithin and across schools, not as absolute point-estim

ates of student readiness for 2020-2021. 
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Com
parison of 2020 Proxy Results

•
The follow

ing graphs display the CO
VID-related learning loss for students in the 2019-2020 

year by the com
ponent parts of loss.

•
The graphs show

 each type of loss at the grade-by-school level, as described earlier.  
•

W
e use separate colors to distinguish the types of learning loss, as follow

s:

Source of Loss
Reading

M
ath

School Building Closure
Color is   

Color is  

Learning Slide
Color is

Color is
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Tennessee –
Reading (1)

Estim
ated 2019-20 Learning Loss by Achievem

ent Level
Com

parison of 2020 Proxy Results
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Tennessee –
Reading (2) 

Estim
ated 2019-20 Learning Loss by Achievem

ent Level and G
rade/EO

C
Com

parison of 2020 Proxy Results 
–

Continued
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Tennessee –
M

ath (1)
Estim

ated 2019-20 Learning Loss by Achievem
ent Level

Com
parison of 2020 Proxy Results 

–
Continued
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Tennessee –
M

ath (2)
Estim

ated 2019-20 Learning Loss by Achievem
ent Level and G

rade/EO
C

Com
parison of 2020 Proxy Results 

–
Continued
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•
SEA O

pportunities
•

Review
 results of CO

VID-Sim
 Project

•
Consider suitability for various use cases (based on Slide 6)

•
Consider value of adjusted proxies for SEA / LEA plans for 2020-2021

•
CREDO

 O
pportunities

•
Deliver briefing on CO

VID-Sim
 Project and results

•
Support review

 and application of proxies, as requested 
•

Build a sum
m

ary m
em

o for public release to share lessons learned

W
hat’s N

ext?
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Appendix 1

Full-Sized Graphs of 2017-18 Sim
ulations
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W
e took 2014-15 and 2016-17 scores to im

pute 2015-16 scores because the Tennessee test 
score data for 2015-16 w

ere incom
plete. Hence, the "Regression w

ith 2 Priors" approach is not 
feasible for sim

ulating 2017-18 for Tennessee
because 2014-15, 2015-16 and 2016-17 scores 

form
 a circular relationship in the m

odel estim
ating 2016-17 scores.How

ever, w
e are able to 

apply the "Regression w
ith 2 Priors" approach in the proxy estim

ation for 2019-20 
forTennessee. [Tennessee –

R
eading] S

im
ulation S

cenario: R
egression w

ith 2 P
riors 
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W
e took 2014-15 and 2016-17 scores to im

pute 2015-16 scores because the Tennessee test 
score data for 2015-16 w

ere incom
plete. Hence, the "Regression w

ith 2 Priors" approach is not 
feasible for sim

ulating 2017-18 for Tennessee
because 2014-15, 2015-16 and 2016-17 scores 

form
 a circular relationship in the m

odel estim
ating 2016-17 scores.How

ever, w
e are able to 

apply the "Regression w
ith 2 Priors" approach in the proxy estim

ation for 2019-20 
forTennessee.

[Tennessee –
M

ath] S
im

ulation S
cenario: R

egression w
ith 2 P

riors 
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Appendix 2

Table of 2017-18 Sim
ulation Results  



Sim
ulation Approach

State M
ean

Past Year's Score
Bridging 

Regression
w

ith O
ne Prior

Regression
w

ith Tw
o Priors

Count of Student Records Sim
ulated

637,219
603,537

391,311
455,035

n.a.
Percentage of Student Records

Sim
ulated

100.0%
94.7%

61.4%
71.4%

n.a.
O

verall M
ean

Absolute Sim
ulation Error (in SD)

0.777
0.528

0.415
0.497

n.a.
M

ean Absolute
Sim

ulation Error by Student Subgroup

Gender
M

ales
0.794

0.541
0.426

0.511
n.a.

Fem
ales

0.759
0.514

0.405
0.482

n.a.

Race/Ethnicity

Asian/PI
0.947

0.548
0.418

0.505
n.a.

Black
0.802

0.549
0.436

0.515
n.a.

H
ispanic

0.810
0.544

0.416
0.498

n.a.
N

ative Am
erican

0.756
0.524

0.401
0.487

n.a.
W

hite
0.756

0.516
0.408

0.490
n.a.

M
ulti-racial

n.a.

Poverty
N

o
0.773

0.514
0.405

0.487
n.a.

Yes
0.784

0.552
0.434

0.515
n.a.

Special Education
N

o
0.735

0.511
0.405

0.486
n.a.

Yes
1.084

0.646
0.497

0.582
n.a.

English
Language Learners

N
o

0.761
0.523

0.413
0.495

n.a.
Yes

1.206
0.689

0.490
0.603

n.a.

Tested Grade in 2017-18

3
0.799

0.730
0.605

n.a.
4

0.792
0.523

0.427
0.824

n.a.
5

0.787
0.506

0.423
0.507

n.a.
6

0.791
0.522

0.429
0.523

n.a.
7

0.790
0.482

0.414
0.483

n.a.
8

0.778
0.482

0.399
0.484

n.a.
English 1

0.739
0.478

0.394
0.479

n.a.
English 2

0.773
0.484

0.485
0.485

n.a.
English

3
0.731

0.521
0.521

0.516
n.a.

Tennessee: Sim
ulation Diagnostics for 2017-18 Achievem

ent in Reading
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Sim
ulation Approach

State M
ean

Past Year's Score
Bridging 

Regression 
w

ith O
ne Prior

Regression
w

ith Tw
o Priors

Count of Student Records Sim
ulated

637,219
603,537

391,311
455,035

n.a.
Percentage of Student Records

Sim
ulated

100.0%
94.7%

61.4%
71.4%

n.a.
O

verall M
ean

Absolute Sim
ulation Error (in SD)

0.777
0.528

0.415
0.497

n.a.
M

ean Absolute
Sim

ulation Error by School Characteristic

School Locale

U
rban -Large

0.864
0.567

0.443
0.526

n.a.

U
rban -M

idsize
0.828

0.539
0.423

0.506
n.a.

U
rban -Fringe

0.794
0.520

0.406
0.491

n.a.

Suburban
0.783

0.521
0.411

0.493
n.a.

Tow
n

0.735
0.518

0.410
0.490

n.a.

Rural
0.730

0.514
0.406

0.487
n.a.

Virtual Cam
pus

0.841
0.591

0.481
0.544

n.a.

School Grade Span

Elem
entary

0.785
0.580

0.423
0.501

n.a.

M
iddle

0.793
0.499

0.416
0.499

n.a.

H
igh

0.747
0.493

0.395
0.492

n.a.

M
ulti-level

0.780
0.503

0.412
0.497

n.a.

School Size
Sm

all
0.773

0.548
0.424

0.506
n.a.

M
edium

0.780
0.534

0.416
0.496

n.a.

Large
0.773

0.503
0.409

0.495
n.a.

School Sector
District

0.776
0.527

0.415
0.496

n.a.

Charter
0.806

0.540
0.429

0.517
n.a.

Tennessee: Sim
ulation Diagnostics for 2017-18 Achievem

ent in Reading –
Continued
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Sim
ulation Approach

State M
ean

Past Year's Score
Bridging 

Regression 
w

ith O
ne Prior

Regression
w

ith Tw
o Priors

Count of Student Records Sim
ulated

636,641
599,745

434,317
449,730

n.a.
Percentage of Student RecordsSim

ulated
100.0%

94.2%
68.2%

70.6%
n.a.

O
verall M

ean
Absolute Sim

ulation Error (in SD)
0.780

0.526
0.411

0.506
n.a.

M
ean Absolute

Sim
ulation Error by Student Subgroup

Gender
M

ales
0.811

0.543
0.423

0.523
n.a.

Fem
ales

0.748
0.509

0.400
0.489

n.a.

Race/Ethnicity

Asian/PI
1.024

0.512
0.389

0.466
n.a.

Black
0.814

0.588
0.469

0.584
n.a.

H
ispanic

0.771
0.555

0.430
0.541

n.a.
N

ative Am
erican

0.730
0.486

0.374
0.449

n.a.
W

hite
0.760

0.499
0.388

0.474
n.a.

M
ulti-racial

n.a.

Poverty
N

o
0.780

0.502
0.391

0.479
n.a.

Yes
0.781

0.570
0.449

0.558
n.a.

SpecialEducation
N

o
0.746

0.508
0.400

0.491
n.a.

Yes
1.039

0.677
0.512

0.644
n.a.

English
Language Learners

N
o

0.772
0.521

0.408
0.500

n.a.
Yes

0.982
0.668

0.519
0.702

n.a.

Tested Grade/EO
C in 2017-2018

3
0.791

0.719
0.604

n.a.
4

0.788
0.455

0.380
0.786

n.a.
5

0.789
0.455

0.391
0.457

n.a.
6

0.780
0.471

0.378
0.472

n.a.
7

0.805
0.468

0.408
0.469

n.a.
8

0.801
0.511

0.455
0.501

n.a.
Algebra

1
0.772

0.499
0.414

0.508
n.a.

Geom
etry

0.733
0.548

0.456
0.544

n.a.
Algebra 2

0.734
0.602

0.544
0.600

n.a.
Integrated M

ath 1
0.795

0.513
0.422

0.518
n.a.

Integrated M
ath 2

0.767
0.583

0.494
0.583

n.a.
Integrated M

ath 3
0.814

0.650
0.681

0.646
n.a.

Tennessee: Sim
ulation Diagnostics for 2017-18 Achievem

ent in M
ath
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Sim
ulation Approach

State M
ean

Past Year's Score
Bridging 

Regression 
w

ith O
ne Prior

Regression
w

ith Tw
o Priors

Count of Student Records Sim
ulated

636,641
599,745

434,317
449,730

n.a.
Percentage of Student Records

Sim
ulated

100.0%
94.2%

68.2%
70.6%

n.a.
O

verall M
ean

Absolute Sim
ulation Error (in SD)

0.780
0.526

0.411
0.506

n.a.
M

ean Absolute
Sim

ulation Error by School Characteristic

School Locale

U
rban -Large

0.863
0.599

0.474
0.596

n.a.

U
rban -M

idsize
0.800

0.532
0.413

0.508
n.a.

U
rban -Fringe

0.820
0.504

0.400
0.479

n.a.

Suburban
0.802

0.507
0.393

0.480
n.a.

Tow
n

0.730
0.513

0.397
0.491

n.a.

Rural
0.732

0.508
0.398

0.489
n.a.

Virtual Cam
pus

0.927
0.619

0.475
0.589

n.a.

School Grade Span

Elem
entary

0.784
0.538

0.386
0.455

n.a.

M
iddle

0.815
0.480

0.407
0.479

n.a.

H
igh

0.733
0.563

0.454
0.562

n.a.

M
ulti-level

0.782
0.531

0.435
0.529

n.a.

School Size
Sm

all
0.769

0.535
0.414

0.508
n.a.

M
edium

0.781
0.525

0.408
0.499

n.a.

Large
0.781

0.524
0.419

0.518
n.a.

School Sector
District

0.778
0.523

0.408
0.502

n.a.

Charter
0.835

0.590
0.476

0.589
n.a.
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