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THE DATA SET
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All TWS training materials and resources 

(including the TWS GraphMaker) are available 

at http://education.ucf.edu/clinicalexp/TWS.cfm

http://education.ucf.edu/clinicalexp/TWS.cfm


QUITE THE DATA SET, BUT WHAT GOOD IS IT?

Data Set has Many Useful Qualities:

• TWS completed by all teacher 
candidates (TCs) in all programs

• Contains anonymized demographic 
data on K-12 learners (level-1 units)

• Gender, Race/Ethnicity, Low SES, 
Disability, and English Learner status

• Contains TC (level-2 units) data on 
program and degree level

• Annually, ≈ 500 TCs teach ≈ 15,000 
K-12 students in student teaching

Many Potential Problems:

• Teacher Candidates teach different 
content for their TWS Unit

• Each classroom uses different 
assessments to measure learning

• Different instruments will have 
different psychometric properties

• Teacher-made tests tend to show 
great variation in quality



During the year analyzed, 

compiled TWS GraphMaker data contained 

anonymized data for n = 14,613 K-12 students

taught by n = 498 teacher candidates.

QUITE THE DATA SET, BUT WHAT GOOD IS IT?



THE MONTE CARLO SIMULATION



ASSUMPTIONS OF SIMULATION

• Tests vary in content and domain

• Teachers select (or develop) tests 
aligned w/ intent to teach

• Teachers give identical (or parallel) 
pre and post-tests

• Teachers use tests of varying quality

• Scores follow Classical Test Theory: 
𝑋 = 𝑇 + 𝐸

• Floor/ceiling effects apply to scores; 
𝑋 = 0 𝑇 < 0 and 𝑋 = 100 𝑇 > 100

• 𝐸 has random (𝐸𝑟) and systematic 
(𝐸𝑠) components (𝐸 = 𝐸𝑠 + 𝐸𝑟)

• Within clusters, ത𝐸 = 𝐸𝑠 and 𝜎𝐸 = 𝐸𝑟

• Some tests are too easy (𝐸𝑠 > 0), 
others too challenging (𝐸𝑠 < 0)

• Some have a lot of 𝐸𝑟 (i.e., 𝜎𝐸 is very 
large), others are more reliable

• 𝐸 is approximately normally 
distributed across tests (𝐸𝑠 = 0)

• Cannot compare clusters to clusters



RESEARCH QUESTIONS / OBJECTIVES

• How does the use of different tests, with 𝐸 that varies by test and by 
student, affect the Type I & Type II error, and bias when estimating…

• Level-1 fixed effects?

• Level-2 fixed effects?

• Cross-level interaction effects?

• Develop sample-size guidelines for TWS GraphMaker data, or data 
which exhibits similar properties, when estimating…

• Level-1 fixed effects

• Level-2 fixed effects

• Cross-level interaction effects



MONTE CARLO SIMULATION

• Developed simulation in SAS® Studio 
3.6 (Enterprise Edition)

• Simulation runs had n = 10, 25, 50, 
100, or 200 Teacher Candidates

• Simulation runs had mean class sizes 
of n = 15, n = 25, or n = 30 students

• Generated student demographics 
to reflect observed data (including 
co-occurrence)



MONTE CARLO SIMULATION

Pre-test scores generated such that:
𝑃𝑟𝑒𝑖𝑗 = 𝛾0𝑗 + 𝛽1𝑀𝑖𝑛𝑜𝑟𝑖𝑡𝑦𝑖𝑗 + 𝛽2𝐿𝑜𝑤𝑆𝐸𝑆𝑖𝑗 + 𝛽3𝑆𝑊𝐷𝑖𝑗 + 𝛽4𝐸𝐿𝑖𝑗 + 𝐸𝑖𝑗 + 𝜀𝑖𝑗

Where

• 𝛾0𝑗 is ~𝑁 45.5, 17

• 𝛽1 is ~𝑁 −1.9064, 0.5138

• 𝛽2 is ~𝑁 −4.1273, 0.5290

• 𝛽3 is ~𝑁 −5.5083, 0.6837

• 𝛽4 is ~𝑁 −4.7077, 0.6677

• 𝐸𝑖𝑗 is ~𝑁 𝐸𝑠𝑗 , 𝐸𝑟𝑗 where

• 𝐸𝑠𝑗 is ~𝑁 0, 0.5—5.5

• 𝐸𝑟𝑗 is ~𝑁 0.5—3.0, 0—1



MONTE CARLO SIMULATION

Post-test scores generated such that:
𝑃𝑜𝑠𝑡𝑖𝑗
= 𝛾0𝑗 + 𝛽0𝑃𝑟𝑒𝑖𝑗 + 𝛽1𝑀𝑖𝑛𝑜𝑟𝑖𝑡𝑦𝑖𝑗 + 𝛽2𝐿𝑜𝑤𝑆𝐸𝑆𝑖𝑗 + 𝛽3𝑆𝑊𝐷𝑖𝑗 + 𝛽4𝐸𝐿𝑖𝑗
+ 𝛾1𝑗𝐺𝑟𝑜𝑢𝑝𝑖𝑗 + 𝛽5𝐸𝐿𝑖𝑗 𝐺𝑟𝑜𝑢𝑝𝑖𝑗 + 𝐸𝑖𝑗 + 𝜀𝑖𝑗

Where

• 𝛽4𝐸𝐿𝑖𝑗 is the level-1 effect of interest

• 𝛾1𝑗𝐺𝑟𝑜𝑢𝑝𝑖𝑗 is the level-2 effect of interest

• 𝛽5𝐸𝐿𝑖𝑗 𝐺𝑟𝑜𝑢𝑝𝑖𝑗 is the cross-level interaction effect



SIMULATION REPLICATIONS

Variable Conditions

Number of TCs 10 25 50 100 200  These 15 combinations 

were run 250 times for each 

effect size condition below

(for 90,000 total runs)Students per TC 15 25 30

𝜷𝟒𝑬𝑳𝒊𝒋
d = 0.010

(0.182)

d = 0.025

(0.455)

d = 0.050

(0.909)

d = 0.100

(1.819)

d = 0.200

(3.637)

d = 0.300

(5.456)

d = 0.400

(7.275)

d = 0.500

(9.094)

𝜸𝟏𝒋𝑮𝒓𝒐𝒖𝒑𝒊𝒋
d = 0.010

(0.179)

d = 0.025

(0.448)

d = 0.050

(0.897)

d = 0.100

(1.793)

d = 0.200

(3.586)

d = 0.300

(5.380)

d = 0.400

(7.173)

d = 0.500

(8.966)

𝜷𝟓𝑬𝑳𝒊𝒋 𝑮𝒓𝒐𝒖𝒑𝒊𝒋
d = 0.010

(0.182)

d = 0.025

(0.456)

d = 0.050

(0.912)

d = 0.100

(1.824)

d = 0.200

(3.649)

d = 0.300

(5.473)

d = 0.400

(7.298)

d = 0.500

(9.122)



TYPE I ERROR RATES

Level-1 Fixed Effects

TCs (Lvl-2)

Class Size

15 25 30 Total

10 0.048 0.046 0.070 0.055

25 0.054 0.052 0.058 0.055

50 0.050 0.046 0.070 0.055

100 0.050 0.038 0.062 0.050

200 0.048 0.054 0.072 0.058

Total 0.050 0.047 0.066 0.055



TYPE I ERROR RATES

Level-2 Fixed Effects

TCs (Lvl-2)

Class Size

15 25 30 Total

10 0.044 0.056 0.054 0.051

25 0.058 0.032 0.064 0.051

50 0.052 0.040 0.056 0.049

100 0.048 0.050 0.044 0.047

200 0.056 0.048 0.044 0.049

Total 0.052 0.045 0.052 0.050



TYPE I ERROR RATES

Cross-Level Interaction

TCs (Lvl-2)

Class Size

15 25 30 Total

10 0.066 0.058 0.048 0.057

25 0.062 0.048 0.076 0.062

50 0.062 0.072 0.080 0.071

100 0.052 0.048 0.064 0.055

200 0.054 0.052 0.082 0.063

Total 0.059 0.056 0.070 0.062



TYPE II ERROR RATES

Level-1 

Fixed Effect



TYPE II ERROR RATES

Level-2 

Fixed Effect



TYPE II ERROR RATES

Cross-Level 

Interaction



MAGNITUDE OF PARAMETER BIAS

Level-1 

Fixed Effect



MAGNITUDE OF PARAMETER BIAS

Level-2 

Fixed Effect



MAGNITUDE OF PARAMETER BIAS

Cross-Level 

Interaction



TAKE-AWAYS FROM THESE FINDINGS

• Type I error rates are slightly inflated, but inflation is 

unrelated to any known (or manipulable) parameter

• Consider using a more conservative alpha level

• Type II error rate indicates a need for increased sample size

• Level-1 units within clusters must be sufficient to draw within-

cluster inferences, and

• Level-2 units must support inferences drawn across clusters

• Magnitude of bias decreases with additional level-2 units



METHODOLOGICAL APPLICATION



DIFFERENTIATED ESOL PREPARATION
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RESEARCH QUESTION

Are English Learner unit post-assessment scores related

to whether the teacher candidate is enrolled in a Group 1 or

Group 2 EL-infused teacher preparation program, after

controlling for student pre-assessment score, disability status,

minority status, and qualification for free / reduced price

lunch?



SAMPLE AND DATA SET

• Data set was restricted to:

• Academic subject teacher 

candidates

• Reported all variables for ≥ 10 

students

• Taught both ELs and non-ELs

• Final data set contained:

• 6,812 K-12 Students (M = 6,812)

• 244 Teacher Candidates (N = 244)

• Clusters of from 10 to 145 students 

(ത𝑛 = 27.9, SD = 23.2)

• n = 1075 English Learners (15.8%)

• From 1 to 56 ELs per cluster 

(ത𝑛 = 4.4, SD = 6.2)

February 25, 2016Matthew R. Lavery – Bowling Green State University Research Presentation



MULTILEVEL MODEL

ANALYZED WITH SAS PROC MIXED

February 25, 2016Matthew R. Lavery – Bowling Green State University Research Presentation



RESULTS

Effect Estimate

Standard

Error DF t Value Pr > |t|

Intercept 65.4688 1.5159 258 43.19 <.0001

Pre 0.3318 0.0097 6600 34.22 <.0001

EL 0.1626 1.3568 79.8 0.12 0.9049

SWD -5.4901 0.7432 111 -7.39 <.0001

LowSES -2.6336 0.4260 6773 -6.18 <.0001

Minority -1.5083 0.4142 6611 -3.64 0.0003

Group 5.4529 1.6211 224 3.36 0.0009

EL*Group -1.5784 1.5526 92.2 -1.02 0.3120

February 25, 2016Matthew R. Lavery – Bowling Green State University Research Presentation



NORMAL CURVE EQUIVALENT RESULTS

Effect Estimate

Standard

Error DF t Value Pr > |t|

Intercept 32.1204 0.7643 6790 42.03 <.0001

PreNCE 0.4083 0.01105 6790 36.96 <.0001

EL 0.1191 1.0772 6790 0.11 0.9119

SWD -5.5257 0.6657 6790 -8.30 <.0001

LowSES -2.1050 0.4821 6790 -4.37 <.0001

Minority -1.5209 0.5001 6790 -3.04 0.0024

Group 0.4965 0.5034 6790 0.99 0.3240

EL*Group -2.1634 1.3031 6790 -1.66 0.0969

February 25, 2016Matthew R. Lavery – Bowling Green State University Research Presentation



TAKE-AWAYS FROM THESE FINDINGS

• ELs have significantly lower pre-assessment scores, even 

after controlling for disability status, SES, and minority status

• Differences in post-assessment scores for Els are better 

explained by disability, SES, and minority status than EL status

• Teacher Candidates in both groups are equally well-

prepared to teach their respective content to Els

• Classroom assessments can be aggregated to investigate 

certain kinds of research and evaluation questions



THANK YOU!  QUESTIONS?
Matthew R. Lavery • mlavery@bgsu.edu • 419-372-7274

mailto:mlavery@bgsu.edu

