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Overview

A Introduction to randomness, volatility,
underlying performance, and luck
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A Implications for educators and policy makers




Entry Task
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A Discuss with a neighbor
how the concept of luck
as expressed In the
article may relate to
proficiency tests.




Randomness
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A Games of chance

A Movie producers

A Pilot training
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Test Volatility

Volatility in School Test Scores: Implications for Tes
Based Accountabllity SysterHane & Staiger
(2002)

A Three sources of volatility
I Sampling variation (avg. grade level n=68)
I Unreliable measures
I Other factors (distractions, iliness, etc.)
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Two relevant concepts

A True score

I The construct for the actual performance ability of
a subject, free of measurement error

A Standard error of measure (S.E.M.)

I A range above and below the observed score that
likely contains the true score

I 95% of scores fall within one S.E.M. (+/-)
I 99% of scores fall within two S.E.M. (+/-)



Table 17. 2008 Grade 6 Reading Raw Score (Raw) to Scaled Scores (SS) with Conditional

Standard Errors of Measurement (s.e.m.)

Raw | Reading SS Conditional s.e.m. Raw | Reading SS Conditional s.e.m.

0 271 39.399 24 388 G.674

1 297 21.867 25 390 6.652

2 313 15.751 26 392 G.652

3 322 13.090 27 394 6652 D
4 329 11.545 28 296 G.6/4

5 335 10.515 29 398 G717

6 340 9764 30 400 6760 P
7 344 9.206 31 402 G.824

8 348 8777 32 404 G910

9 351 8.412 33/ 407 7017 Db
10 354 8112 34 409 7.167

11 357 1.876 35 412 7.339

12 360 7.661 36 414 7.554

13 363 7.489 37 417 7.854

14 365 7.339 38 420 §.197

15 368 7.210 39 423 8.648

16 370 7.103 40 427 0227

17 373 7017 41 431 10.021

18 375 6.931 42 436 11.094

19 377 6.867 43 443 12704

20 379 6.803 44 452 15451

21 381 6.760 45 467 21.652

22 383 6.717 46 493 39.292

23 386 6.695

WASL Technical Report; Source: OSPI



Table 20, 2008 Grade 5 Mathematics Raw Score (Raw) to Scaled Scores (SS) with

Conditional Standard Errors of Measurement (s.e.m.)

Mathematics Conditional Mathematics Conditional
Raw Raw
K88 S.8.11. K88 S.8.111.

0 175 65.737 28 374 9.263

1 219 36.588 29 376 9.227

2 245 26431 30 378 9192

3 262 21996 31 381 9.192

4 273 19421 32 383 9.227

5 283 17.668 33 386 9.263

6 291 16.416 383 0 335

7 298 15.415 5 390 9406
8 304 14.628 36 393 9514

0 310 13.948 37 395 9657

10 315 13376 38 398 9835

11 320 12911 39 401 10014 P
12 325 12.482 40 ~ 408 — 10229

13 329 12.089 41 407 10479

14 333 11.731 1\ 42 410 10801 P
15 337 11.409 Ny K] 11123

16 340 11.123 44 417 11552

7 344 10.873 45 421 12.017

18 347 10.622 46 425 12.589

19 350 10.408 47 430 13.269

20 353 10.229 48 435 14.127

21 356 10.014 49 441 15.165

22 359 9871 50 448 16.524

23 361 9728 51 456 18.383

24 364 9585 52 467 21.102 WASL Technical
25 366 9478 53 482 23715 Report; Source:
26 369 9371 54 508 36.087 OSPI
27 371 9.299 55 551 65.486




WASL Standard Error of Measure (2008)

Reading Math Writing Science
3™ grade 9 (391-403) 11 (389-411)
At grade 6 (394-406) 11 (389-411) 1(8-9)
5th grade 8 (392-408) 10 {390-410) 7 (393-407)
6" grade 7 (393-407) 9 (391-409)
7t grade 8 (392-408) 10 (390-410) 1 (8-9) NA
8th grade 8 (392-408) 9 (391-409) NA 8 (392-408)
HS 9 (391-403) 9 (391-403) 1(16-17) 11 (385-411)

Compiled from WASL Technical Reports,
available from www.k12.wa.us



http://www.k12.wa.us/

How distributions affect scores on
proficiency tests
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The distribution of scores influences
the sway of scores within 1 SEM

Platykurtic Distribution
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Leptokurtic Distribution
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With jagged distributions, proficiency
scores can misrepresent performance

Statewide 3¢ Grade Reading Highline SD '8 Grade Reading

2005-06 3rd Grade Reading Score 2005-06 3rd Grade Reading Score
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2003-04 4th Grade Writing Score 2001-02 4th Grade Math Score
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Middle School Example

2007 Reading (48% Proficient) 2009 Reading (30% Proficient)

2006-07 7th Grade Reading Score 2008-09 7th Grade Reading Score
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A Outcomes that do not reflect underlying
performance due to normal statistical
variation
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attributed to a repeatable skill



LY UNRRdAzOUAZ2Y 2

A The percentage of students within one standard
error of measure (S.E.M.) of the cut score who
score at proficiency.

A For example, with a S.E.M of +/- 7 points, the luck
score would be the percentage of students
scoring from 393 to 407. If 10 students fall in that
range, and 8 scored at 400 or better, the luck
score would be 80%.
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Luck Score Hypothesis

Our hypothesis is two-fold:

A That luck scores do not reflect repeatable skills,
that they truly are random

A That variation in luck scores meaningfully affects
overall school proficiency test scores
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proficiency test scores can be attributable to luck,
rather than substantive performance changes in

schools.



Selection of Cases
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A Chose elementary to increase the sample size

of schools
A Selected writing at 4t grade (only option)

A Selected math at 5t and reading at 6t based
on consistency and clustering around
proficiency



Percent of Student Population within 1 SEM of Meeting Standard
Spring 2009 HPS Elementary

School weighted)

BEVERLY PARK 25.00% 53.33% 19.23% 26.12%
BOW LAKE 14.49% 23.29% 18.81% 18.00%
CEDARHURST 21.43% 46.67% 22.64% 27.51%
DES MOINES 16.98% 40.58% 21.15% 24.45%
GREGORY HEIGHTS 17.14% 31.76% 26.09% 24.37%
DISTRICT 20.73% 24.00% 18.60% 18.50%
HILLTOP 23.46% 26.83% 15.85% 21.15%
MADRONA 21.79% 38.24% 14.86% 26.15%
MARVISTA 14.93% 23.26% 10.39% 17.86%
MCMICKEN HEIGHTS 23.94% 33.33% 17.46% 23.47%
MIDWAY ELEMENTARY 17.78% 40.00% 23.21% 21.98%
MOUNT VIEW 19.23% 31.82% 13.43% 21.17%
NORTH HILL 26.53% 44.30% 19.48% 25.31%
PARKSIDE ELEMENTARY 17.35% 43.33% 17.95% 25.00%
SEAHURST ELEMENTARY 28.57% 26.56% 25.00% 24.79%
SHOREWOOD ELEMENTARY 29.09% 30.91% 13.73% 24.08%
SOUTHERN HEIGHTS ELE 32.00% 55.93% 18.18% 25.88%
WHITE CENTER HEIGHTS 23.08% 31.51% 22.73% 24.89%

DISTRICT 21.70% 35.18% 18.63% 23.13%



Percent of Student Population within 1 SEM of Meeting Standard
Spring 2009 HPS Middle Schools

School 7t Math 8 Math
Readlng Wntlng Readlng Smence

CASCADE MIDDLE SCHOOL 13.87% 29.53% 18.85% 22.18%
CHINOOK MIDDLE SCHOOL 30.00% 11.20% 29.61% 26.29% 13.81% 14.35%
PACIFIC MIDDLE SCHOOL 29.49% 12.99% 19.37% 26.51% 17.53% 21.57%

SYLVESTER MIDDLE SCH - 13.59% - 27.76% 22.69% 23.47%

DISTRICT - 13.13% 30.12% 27.53% 18.76% 20.98%
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Shading indicates relative standing within column

SchoolName 2006 2007 2008 2009
BEVERLY PARK ELEM AT 69.57% 54.17%

BOW LAKE ELEMENTARY 78.57% 57.89% 57.14% 50.00%
CEDARHURST ELEMENTAR _ 56.25% 60.00% 75.00%
DES MOINES ELEMENTAR 65.38% 65.22%_ 66.67%
GREGORY HEIGHTS ELEM 50.00% 76.00% 59.09% 66.67%
HAZEL VALLEY ELEMENT 45.83% 72.73% 66.67% 70.59%
HILLTOP ELEMENTARY 66.67% 68.00% 60.00% 52.63%
MADRONA ELEMENTARY 57.89% 65.38% 68.18% 64.71%
MARVISTA ELEMENTARY 72.22% 78.57% 63.16% 80.00%
MCMICKEN HEIGHTS ELE 62.50% 46.67% 50.00% 52.94%
MIDWAY ELEMENTARY 50.00% 52.38% 58.33%_
MOUNT VIEW ELEMENTAR 48.15% 68.42% 54.55% 80.00%
NORTH HILL ELEMENTAR 72.00% 70.37% 50.00% 50.00%
PARKSIDE ELEMENTARY 60.00%_ 66.67% 70.59%
SEAHURST ELEMENTARY 62.50% 77.78% 75.00% 65.00%
SHOREWOOD ELEMENTARY 71.43% 80.00%

SOUTHERN HEIGHTS ELE 57.14%

WHITE CENTER HEIGHTS 80.00%




Marvista Elementary

6th Grade Reading 2006-07 6th Grade Reading Score
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White Center Heights Elementary

2007-08 6th Grade Reading Score

6th Grade Reading
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Shading indicates relative standing within column

SchoolName 2006 2007 2008 2009
BEVERLY PARK ELEM AT 83.33% 37.50% 75.00% 60.00%
BOW LAKE ELEMENTARY 78.57% 66.67% 47.37%
CEDARHURST ELEMENTAR 58.33% 40.00% 53.33% 41.67%
DES MOINES ELEMENTAR 64.71% 64.29% 76.47% 36.36%
GREGORY HEIGHTS ELEM 43.48%- 60.00% 55.56%
HAZEL VALLEY ELEMENT 41.18% 52.63% 43.75%
HILLTOP ELEMENTARY 46.67% 66.67% 61.90% 53.85%
MADRONA ELEMENTARY 41.18% 77.78% 75.00%

MARVISTA ELEMENTARY 66.67% 76.00% 72.73% 62.50%
MCMICKEN HEIGHTS ELE 68.75% 50.00% 45.45%
MIDWAY ELEMENTARY 37.50% 53.85%
MOUNT VIEW ELEMENTAR 50.00%

NORTH HILL ELEMENTAR 66.67%

PARKSIDE ELEMENTARY

SEAHURST ELEMENTARY

SHOREWOOD ELEMENTARY 53.85% 63.64% 42.86%
SOUTHERN HEIGHTS ELE 77.78% 66.67% 50.00%
WHITE CENTER HEIGHTS 42.86% 68.42% 53.33%
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Shading indicates relative standing within column

SchoolName 2006 2007 2008 2009
BEVERLY PARK ELEM AT 48.00% 50.00% 51.85%

BOW LAKE ELEMENTARY 50.00% 64.29% 43.75% 58.82%
CEDARHURST ELEMENTAR 51.52%_ 52.00% 42.86%
DES MOINES ELEMENTAR 47.83% 54.55% 48.15%_
GREGORY HEIGHTS ELEM 65.22% 60.71% 51.72% 55.56%

HAZEL VALLEY ELEMENT 57.14% 48.00% 50.00%

HILLTOP ELEMENTARY 56.41% 57.89% 47.22%

MADRONA ELEMENTARY 48.72% 42.31%
MARVISTA ELEMENTARY 65.00% 58.82% 55.00%
MCMICKEN HEIGHTS ELE 57.89% 50.00% 52.94%
MIDWAY ELEMENTARY 54.55% 58.33% 55.56%
MOUNT VIEW ELEMENTAR 58.06% 46.88% 53.57% 42.86%
NORTH HILL ELEMENTAR 57.58% 53.13% 48.57%
PARKSIDE ELEMENTARY 65.63% 46.15%
SEAHURST ELEMENTARY 41.18%
SHOREWOOD ELEMENTARY 58.82%
SOUTHERN HEIGHTS ELE

WHITE CENTER HEIGHTS




Luck Score Change (X) vs. WASL Score Change (YY) 6th Grade R«
54 Observations: 18 Schools x 3 Years (220687, 20072008, and 200€009)
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Luck Score Change (X) vs. WASL Score Change (YY) 5th Grade
54 Observations: 18 Schools x 3 Years (2006 to 2007, 2007 to 2008, and 2008 to 2009)
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Luck Score Change (X) vs. WASL Score Change (Y) 4th Grade W
54 Observations: 18 Schools x 3 Years (2006 to 2007, 2007 to 2008, and 2008 to 2009)

20-0004
AS A AN

L 4
L
20.00%
L L 4
=
2 10-000 ¢
U LU.UU .
o »
8 L L 4
7 s
= L J
2 . °*
; 0-0004%
’ ‘ v viv i) J ‘
L
-40.00% -30.00% -2&00% -10.00% 2 4 ¢ - GM 10.00% 20.00% 30.00% 40.00%
* *
2 P ‘
< 10.00%
. * ¢ o0
L J 2
V'S 2
20.00%
'Y 4
L
R2=0.1727
p<.01

20-0004

Luck Score Chang



Limitations

Generalization

A Tests with skewed distributions are not likely
to show similar results

A Only one district is included in this data (need
replication)



Limitations

Non-significant Results

A We tried two other approaches that did not yield
significant results

A Simply removing students within one S.E.M. and
recalculating results did lessen variability

A Correlating luck scores and overall scores, or luck
scores and change in overall scores did not yield
meaningful results in all subjects

I Only correlating change in luck scores with change in
overall scores yielded significant results



Implications

Score reporting and transparency

A Luck scores and changes in luck scores should
ne included in the main reporting of state
proficiency test scores




Implications

Accountability Systems

A Must consider luck scores by one or more of
the following means:

| Base accountability systems on continuous

variables, rather than binary or categorical
variables

I Requiring multiple measures, or multiple years,
prior to high stakes decisions

I Adjusting statistically to neutralize luck



Implications

Educators
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falls within one S.E.M. of the proficiency cut
(nearly a coin-flip if they will pass)

A Not assign supports or make high stakes
decisions based on a single proficiency score
| Better to use a continuous scale



Conclusions

A On proficiency tests with relatively normal distributions, significant
percentages of students will fall within one S.E.M.

A The distribution of students within one S.E.M. who score as
proficient reflects statistical variation ¢ schools do not consistently
exceed or lag grade level averages

A The relationship between change in luck score and change in overall
score Is significant and meaningful

I 154 total observations averaged R? of .23 (based on individual WASL
test results of .35, .17, and .16)

A We need a luck score to measure and communicate variability that
IS attributable to statistical fluctuation

A Policy makers and educators should insulate their actions from
variation based on luck



Leonard Mlodinow on Randomness

C Extraordinary events do not always require
extraordinary causes. Given enough time, they
can happen by chance. Knowing this,

Mlodinowa  ea > agS OFyYy AY
decision making and tame some of the biases
that lead us to make poor judgments and poor
choices ... and we can learn to judge decisions

by the spectrum of potential outcomes they
might have produced rather than by the
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