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Agenda 

I. Contextual aspect

• Motivation of this study
• Data Linkage between NAEP and SSOCS
• Analytical approach
• Major takeaways on the criminological contexts

II. Technical aspect

• Underestimation of regression coefficients
• Plausible values and EdSurvey Dire Package
• Comparison of results between the original NAEP PVs and the Dire PVs
• Final thoughts
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I. Contextual aspect
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Motivation of this study
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• Importance of school safety

• Criminological contexts in education

• Ongoing efforts on NCES survey linkage

• NAEP linking to the School Survey on Crime and Safety (SSOCS)
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Criminological contexts in education
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• School behavioral environment and behavioral climate 
– Peguero & Bracy 2015; Ruiz et al. 2018

• Violence in school and surrounding school 
– Sharkey 2010; Mccoy, Raver, & Sharkey 2015; 

Carlson & Cohen 2015; Burdick-Will 2016

• School level spillover effects onto student level
– Hagan & Foster 2012; Lacoe & Steinberg 2019
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Data linkage using NCES surveys
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• Linking NAEP to the Schools and Staffing Survey (Kaufman 1996)

• NAEP to the Trends in International Mathematics and Science Study (Johnson 1998)

• NCES surveys to state and federal administrative data (Gamoran 2016; Soldner 2017)

• Creating an ID crosswalk to link the Civil Rights Data Collection to other NCES data 
collections (Sable and Miller 2020) 

• Commissioned by NCES, AIR has examined the overlap samples of NAEP and the High 
School Longitudinal Study of 2009 as well as other datasets linked to schools.
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Why NAEP and SSOCS?

There is valuable information in SSOCS that is not included in NAEP, and this information can shed light on 
important and policy relevant associations between school level crime and behavioral indicators and 
student achievement.
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Data Linkage between NAEP and SSOCS

• Analytic sample description

– NAEP 2017 G8 Mathematics & SSOCS 2017-18

– ≈ 330 schools

– ≈ 8,470 students

• Bias analysis 

– distributions, t-tests

• Choosing weights

– NAEP weights
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Analytical Approach
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Merge NAEP 
and SSOCS

Bias analyses Exploratory 
analyses

CFA

Dire PV generation MLM Results comparison
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Major takeaways regarding the criminological contexts

• After taking into account student and school level 
characteristics, 

• no violent incidents within the school were 
significantly associated with student’s higher NAEP 
mathematics performance.

• However, the MLM results also revealed that 
the school climate index was not significantly 
associated with student’s mathematics 
performance. 
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II. Technical aspect
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Underestimation of regression coefficients
• When regression analyses are conducted with plausible values (PVs) as an outcome and 

explanatory variables from external sources, the regression coefficients will be 
underestimated due to the fact that the external variables are not included to produce 
the plausible values as regressors (Mislevy, Beaton, Sheehan, and Kaplan 1992; von 
Davier, Gonzalez, and Mislevy 2009; Wu 2015; Rubin 1987)

• The Marginal Maximum Likelihood (MML) model allows us to incorporate additional 
covariates in the model
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Why use Multiple Imputation on Test Scores
• To measure an individual student’s score we use a high reliability test, usually the 

variation of any student’s estimate is dominated by their ability, not noise

• These tests have too few items to be reliable for individual students

• If we applied the same test score we use for individual student assessments to the NAEP 
test form, we would get biased results (Mislevy, Beaton, Sheehan, and Kaplan 1992)
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Forming Plausible values: the likelihood
• This item the student got wrong, their 

likelihood is higher in lower scores.
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Latent Regression: the Likelihood

• A second item the student got right and 
so is more likely for higher scores

• The model allows “guessing” and so it 
does not go to zero at low scores

15
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Latent Regression: the Likelihood

• The student took 13 dichotomous items, 
this is all their likelihoods
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Latent Regression: the Likelihood

• Combining them we get a skewed 
normal likelihood surface

• If we wanted to assign the respondent a 
score we could take the peak or the 
expectation of this likelihood

• We do not want to assign the 
respondent a score

17



|  A I R . O R G

Latent Regression: the Mean Model
• The green curve is the population model 

or mean model
�𝑦𝑦 = 𝑋𝑋𝑋𝑋 + 𝜖𝜖
𝜖𝜖~𝑁𝑁(0, �𝜎𝜎)

• Fit parameters (𝑋𝑋) can move it to the 
left/right, or ( �𝜎𝜎) make the distribution 
wider or narrower
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Latent Regression: Final Model
• The student’s final likelihood is the 

product of the mean model and the 
likelihood

• The mean model is fit by maximizing the 
“likelihood” of this product

• This is analogous to a regression where 
the outcome is not precisely measured, 
but we still want accurate coefficients
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Latent Regression: 2-Dimensions
• For multiple dimensions we must 

estimate the joint density across the 
dimensions.

• Here a student’s likelihood is plotted for 
two constructs to estimate the 
correlation between the two

20
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Latent Regression: n-Dimensions
• Because a multivariate normal 

distribution, when marginalized to two 
variables, is bivariate normal the same 
procedure used for 2-dimensions 
generalizes completely to any number of 
dimensions—only bivariate correlations 
need to be calculated

21
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EdSurvey Dire Package
• EdSurvey is an R package developed by NCES and AIR to help users download, 

understand available covariates for, run common analyses on, and extract data for 
additional analyses

• Dire adds the ability to use the type of latent regression described above to EdSurvey, 
but it can also work with other data

22
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Plausible Values
• EdSurvey, with Dire, can use a latent regression to draw plausible values

• This is multiple imputation for the latent variable or test score

• This is typically used by data owners before distribution

• This prevents users from having to use latent regression

• Also prevents data owners from having to share all the conditioning variables 

• In addition, this allows repeated use of a conditioning model

• A conditioning model is biased if a variable of interest is not included, but not if 
unused variables are not included

23
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Selected comparison results for multiple regressions
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NOTE: Race categories exclude persons of Hispanic origin. 
Asian includes students who are identified as Pacific Islander. 
Other includes students who are identified as either 
American Indian or Alaska Native or More than one race. 
NSLP = National School Lunch Program. Bold indicated that 
the magnitude of coefficients in the model using Dire PVs 
was larger than the model using the original NAEP PVs.
SOURCE: U.S. Department of Education, Institute of 
Education Sciences, National Center for Education Statistics, 
National Assessment of Educational Progress (NAEP), 2017 
Grade 8 Mathematics Assessment. U.S. Department of 
Education, National Center for Education Statistics, 2017–18 
School Survey on Crime and Safety (SSOCS), 2018.
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Selected comparison results for multiple regressions (cont’d)
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NOTE: Bold indicated that the magnitude of coefficients in 
the model using Dire PVs was larger than the model using 
the original NAEP PVs.
SOURCE: U.S. Department of Education, Institute of 
Education Sciences, National Center for Education Statistics, 
National Assessment of Educational Progress (NAEP), 2017 
Grade 8 Mathematics Assessment. U.S. Department of 
Education, National Center for Education Statistics, 2017–18 
School Survey on Crime and Safety (SSOCS), 2018.
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Final Thoughts
• These methods are general to other latent constructs, such as a compound SES 

measure, or a personality measure

• Learn more about EdSurvey on the AIR website

• https://www.air.org/project/nces-data-r-project-edsurvey
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Descriptive statistics of variables of interest
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NOTE: n ≈ 8,470. Estimates are at student level. Race categories exclude 
persons of Hispanic origin. Asian includes students who are identified as 
Pacific Islander. Other includes students who are identified as either 
American Indian or Alaska Native or More than one race.  SOURCE: U.S. 
Department of Education, Institute of Education Sciences, National Center 
for Education Statistics, National Assessment of Educational Progress 
(NAEP), 2017 Grade 8 Mathematics Assessment. U.S. Department of 
Education, National Center for Education Statistics, 2017–18 School Survey 
on Crime and Safety (SSOCS), 2018.
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Descriptive statistics of variables of interest (cont’d)
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NOTE: n ≈ 8,470. Estimates are at student level. SOURCE: U.S. Department 
of Education, Institute of Education Sciences, National Center for Education 
Statistics, National Assessment of Educational Progress (NAEP), 2017 Grade 
8 Mathematics Assessment. U.S. Department of Education, National Center 
for Education Statistics, 2017–18 School Survey on Crime and Safety 
(SSOCS), 2018.
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SSOCS items for school behavioral climate
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SOURCE: U.S. Department of Education, National Center for Education Statistics, 
2017–18 School Survey on Crime and Safety (SSOCS), 2018.
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Results of school behavioral climate CFA
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NOTE: The survey asked, "To the best of your knowledge, 
how often do the following types of problems occur at your 
school?". Five response categories ranging from never 
happens, happens on occasion, happens at least once a 
month, happens at least once a week to happens daily.  The 
estimates of Cronbach's alpha are 0.76. 
SOURCE: U.S. Department of Education, National Center for 
Education Statistics, 2017–18 School Survey on Crime and 
Safety (SSOCS), 2018.
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MLM Results
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NOTE: Race categories exclude persons of Hispanic origin. 
Asian includes students who are identified as Pacific Islander. 
Other includes students who are identified as either 
American Indian or Alaska Native or More than one race. 
NSLP = National School Lunch Program. 

SOURCE: U.S. Department of Education, Institute of 
Education Sciences, National Center for Education Statistics, 
National Assessment of Educational Progress (NAEP), 2017 
Grade 8 Mathematics Assessment. U.S. Department of 
Education, National Center for Education Statistics, 2017–18 
School Survey on Crime and Safety (SSOCS), 2018.
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MLM Results (cont’d)
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SOURCE: U.S. Department of Education, Institute of 
Education Sciences, National Center for Education Statistics, 
National Assessment of Educational Progress (NAEP), 2017 
Grade 8 Mathematics Assessment. U.S. Department of 
Education, National Center for Education Statistics, 2017–18 
School Survey on Crime and Safety (SSOCS), 2018.
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