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1.  INTRODUCTION AND OVERVIEW OF  RELIABILITY AND VALIDITY EVIDENCE   

During the 2022–2023 school year, Florida began to transition from the fixed-form Florida 
Standards Assessments (FSA) to the computer-adaptive FAST (Florida Assessment of Student 
Thinking) and B.E.S.T. (Benchmarks for Excellent Student Thinking) assessments. The FSA had 
previously replaced the Florida Comprehensive Assessment Tests (FCAT) 2.0 in English 
Language Arts (ELA) and Mathematics during the 2014–2015 school year. FAST is administered 
as a progress monitoring assessment and includes Voluntary Prekindergarten (VPK) through grade 
10 ELA and VPK through grade 8 Mathematics assessments. B.E.S.T. assessments that are not 
part of the FAST progress monitoring program include grades 4–10 Writing and end-of-course 
(EOC) assessments in Algebra 1 and Geometry. This technical report describes the FAST 
assessments for grades 3–10 ELA and grades 3–8 Mathematics and B.E.S.T. assessments. The 
details of the VPK to grade 2 assessments in Reading and Mathematics are provided in 
Renaissance’s Star Assessments for Math, Reading, and Early Literacy Technical Manuals. During 
this transition year, scores were reported to students on the FSA scale in spring 2023 and later 
rescored using the new score after calibrations and standard setting were conducted in summer 
2023. 

FAST is administered as a progress monitoring assessment. Students participate three times per 
year: once at the beginning of the year (PM1, August 15–October 7, 2022), once in the middle of 
the year (PM2, December 5, 2022–January 27, 2023), and once at the end of the year (PM3, May 
1–June 2, 2023).  

• PM1 is designed to provide a baseline score so teachers can track student progress in 
learning the B.E.S.T. standards from PM1 to PM2 (FDOE, 2022).  

• PM2 occurs after an opportunity to learn the grade-level standards. This test administration 
provides a mid-year score to compare to the baseline score from PM1 (FDOE, 2022). 

• PM3 produces summative scores that will accurately measure student mastery of the 
B.E.S.T. standards at the end of the school year. While PM1 and PM2 are for informational 
purposes only, PM3 is used for school accountability in grade 3 and higher beginning with 
the 2023–2024 school year (FDOE, 2022). Assessments in grades pre-K–2 are not 
currently part of the state’s accountability system. 

Grades 4–10 writing assessments, which are currently not used in state accountability systems, and 
the mathematics EOC assessments in Algebra 1 and Geometry were developed to assess the 
B.E.S.T. standards, but they are not part of the FAST progress monitoring program. 

In addition to the online computer-adaptive test (CAT), Florida also has accommodated forms. 
Accommodated forms were administered to students in lieu of the online forms if such a need was 
indicated on their Individualized Education Program (IEP) or Section 504 Plan. For the 
Mathematics EOC, Algebra 1, and Geometry assessments, only one accommodated form was 
given. Accommodated forms used online parameters for scoring purposes and no calibrations were 
performed on the accommodated forms. 

Table 1  displays the complete list of  tests  for the  spring operational administration.  Note that ELA  
Writing grades 4–10 were  administered in  the spring as a  field test.   
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Table 1: Test Administration 

Subject Administration Grade/Course 

ELA Reading 
Online 

3–10 
DEI (Accommodated) 

Mathematics 
Online 

3–8 
DEI (Accommodated) 

EOC 
Online 

Algebra 1, Geometry 
DEI (Accommodated) 

DEI stands for Data Entry Interface and is used for grades 3–10 FAST accommodated ELA and 
Mathematics assessments. It is a part of the Test Delivery System and allows for authorized 
individuals to submit answers for students for immediate reporting. 

With the implementation of these tests, both reliability evidence and validity evidence are 
necessary to support appropriate inferences of student academic achievement from the FAST and 
B.E.S.T. scores. 

This volume provides empirical evidence about the reliability and validity of the spring 2023 
FAST and B.E.S.T., given its intended uses. 

Specifically, the purpose of this volume is to provide empirical evidence to support the following: 

• Reliability. The precision of individual test scores is critically important to valid test score 
interpretation and is provided along with test scores as part of overall and subscale-level 
reporting. The precision of test scores varies with respect to the information value of the 
test at each ability location. Marginal reliability was computed in order to take into account 
the varying measurement errors across ability ranges. The reliability estimates are 
presented by grade and subject as well as by demographic subgroup. This section also 
includes conditional standard errors of measurement (CSEMs) and classification accuracy 
results by grade and subject. 

• Validity. This volume, as well as other volumes of this report, provide validity evidence 
supporting the appropriate inferences from FAST and B.E.S.T. scores. Evidence is 
provided to show that test forms were constructed to measure the Florida Standards with a 
sufficient number of items targeting each area of the blueprint. Evidence is also provided 
regarding the internal relationships among the subscale scores to support their use and to 
justify the item response theory (IRT) measurement model. 

• Comparability Evidence. By examining the blueprint match between forms administered 
by the CAT and accommodated forms, and test characteristic curves (TCCs), we evaluate 
comparability of test scores across forms. Comparability of constructs, scores, and 
technical properties of scores are evaluated and discussed. 

• Test Fairness. Fairness is statistically analyzed using differential item functioning (DIF) 
in tandem with content alignment reviews by specialists. 
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2.  PURPOSE OF  FAST  AND B.E.S.T.  

The Florida Assessment of Student Thinking (FAST) and B.E.S.T. are standards-based, 
summative assessments that measure students’ achievement of Florida’s education standards. 
Assessment supports instruction and student learning, and the results help Florida’s educational 
leadership and stakeholders determine whether the goals of the education system are being met. 
Assessments help Florida determine whether it has equipped its students with the knowledge and 
skills they need to be ready for careers and college-level coursework. The tests are constructed to 
meet rigorous technical criteria outlined in Standards for Educational and Psychological Testing 
(American Educational Research Association [AERA], American Psychological Association 
[APA], and National Council on Measurement in Education [NCME], 2014) and to ensure that all 
students have access to the test content via principles of universal design and appropriate 
accommodations. 

The FAST and B.E.S.T. yield test scores that are useful for understanding to what degree 
individual students have mastered the Florida Standards and, eventually, whether students are 
improving in their performance over time. Scores can also be aggregated to evaluate the 
performance of subgroups, and both individual and aggregated scores will be compared over time 
in program evaluation methods. 

The FAST and B.E.S.T. results serve as the primary indicator for the state’s accountability system. 
The policy and legislative purpose of the FAST and B.E.S.T. is described more thoroughly in 
Volume 1 of this technical report. The test is a standards-based assessment designed to measure 
student achievement toward the state content standards. FAST and B.E.S.T. scores are indications 
of what students know and can do relative to the expectations by grade and subject area. While 
there are student-level stakes associated with the assessment, particularly for grade 3 English 
Language Arts (ELA) (scores inform district promotion decisions), grade 10 ELA, and Algebra 1 
(assessment graduation requirements), the assessment is never the sole determinant in making 
these decisions.  

For the adaptive tests, simulation reports were examined to track the compliance of the test 
structure to the FAST and B.E.S.T. requirements. For accommodated fixed forms, test items were 
selected prior to the test administration to ensure that the test construction aligned to the approved 
blueprint. 

The FAST and B.E.S.T. performance cuts were approved by the State Board of Education (SBE) 
on October 18, 2023. These cut scores of FAST and B.E.S.T. approved by SBE, scale scores, and 
achievement levels will be used in spring 2024. Volume 3 of this technical report describes the 
standard setting and how each of these cut scores was set, and Volume 1, Section 7 Scoring, 
describes how the scoring is performed and cut scores used in scoring. 

In the FAST and B.E.S.T. administered in 2023, student-level scores included scale scores at the 
reporting category level. The scale scores for reporting categories were provided for each student 
to indicate student strengths and weaknesses in different content areas of the test relative to the 
other areas and to the district and state. These scores serve as useful feedback for teachers to tailor 
their instruction, provided they are viewed with the usual caution that accompanies the use of 
reporting category scores. Thus, we must examine the reliability coefficients for these test scores 
and the validity of the test scores to support practical use across the state. 

3  Evidence of Reliability and Validity Florida Department of Education 
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3. RELIABILITY 

Test score reliability is traditionally estimated using both classical and item response theory (IRT) 
approaches. Classical indicators of reliability, such as Cronbach’s alpha or test-retest reliability, 
provide a single estimate of the reliability of test scores, assuming that reliability is constant across 
the entire range of scores. However, the precision of test scores can vary across different levels of 
the latent trait being measured. For example, most fixed-form assessments target test information 
near important cut scores or near the population mean so that test scores are most precise in 
targeted locations. Because adaptive tests target test information near each student’s ability level, 
the precision of test scores may increase, especially for lower- and higher-ability students. The 
precision of individual test scores is critically important to valid test score interpretation and is 
provided along with test scores as part of all student-level reporting. Marginal reliability is a 
measure of the overall reliability of an assessment based on the average conditional standard errors 
of measurement (CSEMs), which are estimated at different points on the ability scale for all 
students. 

3.1   MARGINAL  RELIABILITY 

English Language Arts (ELA) and Mathematics are adaptive testing administrations. Because 
there is no fixed form in adaptive testing, marginal reliability was computed for the scale scores, 
taking into account the varying measurement errors across the ability range. 

Marginal reliability (𝜌𝜌-) is defined as 

 2𝜌𝜌-: = [𝜎𝜎 ∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ]/𝜎𝜎 ,-2 − 1 N ^ 𝑖𝑖 -2 
i=1 𝑁𝑁 

where N is the number of students; 𝐶𝐶𝐶𝐶𝐶𝐶�̂�𝐶 𝑖𝑖 is the  estimated  CSEM  for student  i  based on the  
Hessian  at the maximum likelihood estimate (MLE)  score  𝜃𝜃𝑖𝑖, 

N 
1 22: = ∑(�̂�𝜃 − 𝜇𝜇)𝑖𝑖 𝑁𝑁 − 1 

i=1 

 

is the estimated variance of the student theta scores 𝜃𝜃𝑖𝑖, and �̅�𝜇 is the estimated mean of the student 
theta scores. The higher the reliability coefficient, the greater the precision of the test. 

Table 2  presents the marginal reliability  coefficients for all students.  The  reliability coefficients  
for all subjects and grades range from  0.73 to 0.91. Appendix A: Reliability Coefficients, provides 
further breakdown, including reliability coefficients for demographic subgroups and reporting  
categories.  

It is noted that some overall marginal reliabilities are lower than the ideal 0.85 or higher. ELA was 
administered with adaptivity turned off for calibration of the operational items to establish the new 
scale (see Volume 1, Section 6 Item Calibration and Scaling). It is expected that in future test 
administrations, with adaptivity turned on, reliabilities will improve. In Mathematics, reliabilities 
are especially low for grades 7 and 8. High-scoring students from these groups tend to take the 
Algebra 1 and Geometry tests. Thus, the ability distribution in these populations is typically 
restricted at the upper end of the scale, depressing the reliabilities. For all tests, students are also 
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restricted at the lower end due to the high number of students who need to be scored with the 
truncated lowest obtainable score allowed (see Volume 1, Section 7 Scoring), which would also 
contribute to lowering the reliabilities. Furthermore, for Mathematics, the adaptive algorithm 
needs to cater to the lower range in PM1/PM2, so the available bank in PM3 will tend to be lower 
in number where students were already taking the test at their ability level in the first two 
administrations. The PM3 bank was limited by the items not already seen in the first two 
administrations. That is, there is an insufficient match between student ability and difficulty of the 
test item bank for all students at this early stage of item pool development. 

It is also noted that some overall reliabilities for some demographic subgroups are quite low and 
likely due to a combination of three factors: restriction of score range ( 2) resulting from subgroup 
populations who tend to score in a narrower lower range and a higher CSEM for those same 
subgroups because of the mismatch of overall test difficulty to those lower scoring populations. It 
is expected that with more item development (and more focused item development on the easier 
end), reliabilities will improve in future test administrations because the adaptive algorithm will 
be able to select easier items for those subgroups. There are limits based on the content standards 
themselves, however—for example, in general, Reading items will be too challenging for English 
language learner (ELL) students. Marginal reliabilities are sample dependent, as they are based on 
the observed scores. In theory, if the reliabilities had been calculated on ELL students with all 
abilities, the reliability would be much higher. However, by their nature, the ELL subgroup will 
have very restricted ELA ability range.  

Marginal reliabilities are particularly low at the reporting category level and for the PM1 and PM2 
test administrations in Appendix A. This is not unexpected. Each reporting category has a very 
small number of items (8–19) (see Volume 2, Appendix G). Furthermore, although PM1 and PM2 
are considered progress monitoring tests, they administer summative-type items to students before 
they have had a chance to learn the material. Both factors would depress reliabilities. 

Table 3  contains  overall  marginal reliabilities for accommodated forms, which are generally lower.  
The sample size for  accommodated forms is  extremely small, which would contribute to the  
difference.   

In summary, to address the marginal reliabilities issues, there are definite areas of possible 
improvement in the depth and breadth of the item bank (especially at the easier level), but there 
are also some potential limits based on the subgroup characteristics in relation to the content 
standards themselves. 
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Table 2: Marginal Reliability 

Subject Grade Number of 
Items 

Marginal
Reliability N-Count Scale Score 

Mean 
Scale 

Score SD 
SEM (Mean
of CSEM) 

ELA Reading 

3 158 0.80 220,121 198.85 23.57 8.45 

4 133 0.84 199,859 211.56 21.63 7.34 

5 151 0.88 206,237 219.52 21.81 7.15 

6 139 0.85 215,466 222.08 22.93 7.75 

7 173 0.85 208,169 227.79 23.73 8.11 

8 167 0.84 213,912 233.89 24.63 8.52 

9 165 0.83 220,847 237.77 24.47 8.86 

10 204 0.84 210,962 242.77 24.26 8.61 

Mathematics 

3 141 0.91 219,589 199.25 22.08 6.16 

4 132 0.87 196,519 213.42 22.23 6.50 

5 125 0.87 201,956 220.74 23.70 6.89 

6 182 0.84 206,185 226.28 22.43 7.20 

7 214 0.76 146,438 228.84 23.84 9.44 

8 212 0.73 124,496 234.43 23.70 9.88 

Algebra 234 0.87 225,389 397.30 29.25 8.46 

Geometry 199 0.84 221,142 396.86 29.95 8.42 

Table 3: Marginal Reliability for Accommodated Forms 

Subject Grade Marginal
Reliability N-Count Scale Score 

Mean 
Scale 

Score SD 
SEM (Mean
of CSEM) 

ELA Reading 

3 0.72 1377 189.46 20.43 9.06 

4 0.78 1142 203.18 18.76 7.49 

5 0.84 1107 206.61 20.19 7.53 

6 0.78 509 213.02 23.35 9.47 

7 0.79 480 218.15 23.20 8.81 

8 0.79 493 224.90 24.07 9.28 

9 0.77 490 230.14 22.22 9.29 

10 0.83 543 235.41 23.81 9.30 

Mathematics 

3 0.86 1362 188.94 23.24 7.28 

4 0.84 1123 204.31 22.05 7.19 

5 0.88 1092 210.96 22.66 6.81 

6 0.84 499 215.19 21.63 7.46 

7 0.70 408 219.76 22.48 9.81 

8 0.66 379 220.73 24.60 11.94 

Algebra 0.7 545 383.95 26.45 11.78 

Geometry 0.71 542 379.54 32.09 13.34 
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3.2   STANDARD ERROR OF  MEASUREMENT  

The Florida Assessment of Student Thinking (FAST) assessments are based on the three-parameter 
logistic (3PL) model and generalized partial-credit model (GPCM) of IRT models. Theta scores 
and standard errors of measurement are generated using “pattern scoring” as described here. 

Likelihood Function 

The likelihood function for generating MLEs is based on a mixture of item types and can therefore 
be expressed as 

 𝐿𝐿(𝜃𝜃) = 𝐿𝐿(𝜃𝜃)𝑀𝑀𝑀𝑀𝐿𝐿(𝜃𝜃)𝑀𝑀𝐶𝐶 

where 

 
𝑁𝑁𝑀𝑀𝑀𝑀 

𝐿𝐿(𝜃𝜃)𝑀𝑀𝑀𝑀 = π 𝑃𝑃𝑖𝑖
𝑧𝑧𝑖𝑖𝑄𝑄𝑖𝑖

1−𝑧𝑧𝑖𝑖 

𝑖𝑖=1 

 
𝑁𝑁𝑀𝑀𝐶𝐶 𝑧𝑧𝑖𝑖 exp ∑ 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃 − 𝛿𝛿𝑘𝑘𝑖𝑖)𝐿𝐿(𝜃𝜃)𝑀𝑀𝐶𝐶 𝑘𝑘=0 = π 𝑚𝑚𝑖𝑖 𝑗𝑗 ∑ exp ∑ 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃 − 𝛿𝛿𝑘𝑘𝑖𝑖)𝑖𝑖=1 𝑗𝑗=0 𝑘𝑘=0 

  

 

1 − 𝑐𝑐𝑖𝑖 𝑃𝑃𝑖𝑖 = 𝑐𝑐𝑖𝑖 + 
1 + 𝑒𝑒𝑒𝑒𝑒𝑒 [−𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃 − 𝑏𝑏𝑖𝑖)] 
𝑄𝑄𝑖𝑖 = 1 − 𝑃𝑃𝑖𝑖 

where 𝑐𝑐𝑖𝑖 is the lower asymptote of the item response curve (i.e., the pseudo-guessing parameter), 
𝑎𝑎𝑖𝑖 is the slope of the item response curve (i.e., the discrimination parameter), 𝑏𝑏𝑖𝑖is the location 
parameter, 𝑧𝑧𝑖𝑖  is the observed response to the item, i indexes the item, j indexes the step of the 
item, 𝑚𝑚𝑖𝑖 is the maximum possible score point (starting from 0), 𝛿𝛿𝑘𝑘𝑖𝑖 is the kth step for item i with 
m total categories, and 𝐷𝐷 = 1.7. MC and CR refer to multiple-choice and constructed-response 
items, respectively. 

We subsequently find arg  max 𝑙𝑙𝑙𝑙𝑙𝑙(𝐿𝐿(𝜃𝜃))
𝜃𝜃 

 as the student’s theta (i.e., MLE) given the set of 

items administered to the student. 

Extreme Case Handling 

When students answer all items correctly or all items incorrectly, the likelihood function is 
unbounded and an MLE cannot be generated. The extreme cases are handled as follows for all 
FAST Mathematics and ELA Reading assessments: 

i.  Assign the lowest obtainable theta (LOT) value of -3 to a raw score of 0. 
ii.  Assign the highest obtainable theta (HOT) value of 3 to a perfect score. 

iii.  Generate MLE for every other case and apply the following rule: 
a. If MLE is lower than -3, assign theta to -3. 
b. If MLE is higher than 3, assign theta to 3. 
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Numerically Differentiated Hessian of Log-Likelihood 

The CSEM is computed using the pattern of responses of the operational items on the adaptively 
administered test. In this context, the CSEM at the MLE is computed using the inverse of the 
square root of the negative of the Hessian of the log-likelihood function, which is based on the 
estimates of the item parameters in the test along with the actual pattern of responses. The formula 
used for the FAST and B.E.S.T. is 

  
1

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(𝜃𝜃) = 

/− (
𝜕𝜕2ln𝐿𝐿(𝜃𝜃) 
𝜕𝜕2𝜃𝜃 

) 

, 

where 

 

2𝑁𝑁𝐺𝐺𝐺𝐺𝑀𝑀𝑀𝑀 𝑚𝑚𝑖𝑖 𝑗𝑗 𝜕𝜕2ln𝐿𝐿(𝜃𝜃) ∑ 𝑗𝑗𝑒𝑒𝑒𝑒𝑒𝑒(∑ 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃 − 𝑏𝑏𝑖𝑖𝑘𝑘 ))𝑗𝑗=1 𝑘𝑘=1 = ∑ 𝐷𝐷2𝑎𝑎𝑖𝑖2 (( )𝑚𝑚𝑖𝑖 𝜕𝜕2𝜃𝜃 1 + ∑ 𝑒𝑒𝑒𝑒𝑒𝑒(∑𝑗𝑗 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃 − 𝑏𝑏𝑖𝑖𝑘𝑘))𝑖𝑖=1 𝑗𝑗=1 𝑘𝑘=1 

𝑚𝑚𝑖𝑖 𝑗𝑗 𝑁𝑁3𝐺𝐺𝑃𝑃 ∑ 𝑗𝑗2𝑒𝑒𝑒𝑒𝑒𝑒(∑ 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃 − 𝑏𝑏𝑖𝑖𝑘𝑘)) (𝑃𝑃𝑖𝑖 − 𝑐𝑐𝑖𝑖)𝑄𝑄𝑖𝑖 𝑧𝑧𝑖𝑖𝑐𝑐𝑖𝑖 𝑗𝑗=1 𝑘𝑘=1 2− ) − ∑ 𝐷𝐷2𝑎𝑎𝑖𝑖 (1 − 2 )𝑚𝑚𝑖𝑖 𝑗𝑗 1 + ∑ 𝑒𝑒𝑒𝑒𝑒𝑒(∑𝑘𝑘=1 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃 − 𝑏𝑏𝑖𝑖𝑘𝑘)) 𝑖𝑖=1 
(1 − 𝑐𝑐𝑖𝑖)2 𝑃𝑃𝑖𝑖 𝑗𝑗=1 

where NGPCM is the number of items that are scored using GPCM items, and N3PL is the number of 
items scored using the 3PL or two-parameter logistic (2PL) model, 𝜃𝜃 is the estimated ability of the 
student and D, 𝑎𝑎𝑖𝑖, 𝑐𝑐𝑖𝑖, 𝑃𝑃𝑖𝑖, 𝑄𝑄𝑖𝑖, 𝑧𝑧𝑖𝑖, 𝑏𝑏𝑖𝑖𝑘𝑘 are defined as before. Through the use of the Newton-Rhapson 
method during maximum likelihood estimation, this Hessian is numerically approximated at 𝜃𝜃. 

CSEM at Extreme Scores 

When the MLE is not available (such as for extreme score cases) or the MLE is censored to the 
LOT or HOT, the CSEM for student s is estimated by 

  
1

CSEM(𝜃𝜃𝑠𝑠) = 
√𝐼𝐼(𝜃𝜃𝑠𝑠) 

where 𝐼𝐼(𝜃𝜃𝑠𝑠) is the test information for student s. The FAST assessments include items that are 
scored using the 3PL, 2PL, and GPCM models from IRT. The 2PL can be visualized as either a 
3PL item with no guessing parameter or a dichotomously scored GPCM item. The test information 
is calculated as: 

 

𝑁𝑁𝐺𝐺𝐺𝐺𝑀𝑀𝑀𝑀 𝑚𝑚𝑖𝑖 𝑗𝑗 ∑𝑗𝑗=1 𝑗𝑗
2𝑒𝑒𝑒𝑒𝑒𝑒(∑𝑘𝑘=1 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃𝑠𝑠 − 𝑏𝑏𝑖𝑖𝑘𝑘 )) 

𝐼𝐼(𝜃𝜃 ∑ 𝐷𝐷2𝑎𝑎𝑖𝑖2 (𝑠𝑠) = 𝑚𝑚𝑖𝑖 𝑗𝑗 
𝑖𝑖=1 

1 + ∑ 𝑒𝑒𝑒𝑒𝑒𝑒(∑𝑘𝑘=1 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃𝑠𝑠 − 𝑏𝑏𝑖𝑖𝑘𝑘))𝑗𝑗=1 

𝑚𝑚𝑖𝑖 𝑗𝑗 2 𝑁𝑁3𝐺𝐺𝑃𝑃 ∑𝑗𝑗=1 𝑗𝑗𝑒𝑒𝑒𝑒𝑒𝑒(∑𝑘𝑘=1 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃𝑠𝑠 − 𝑏𝑏𝑖𝑖𝑘𝑘)) 𝑄𝑄𝑖𝑖 𝑃𝑃𝑖𝑖 − 𝑐𝑐𝑖𝑖 2 

− ( ) ) + ∑ 𝐷𝐷2𝑎𝑎𝑖𝑖2 ( [ ] )𝑚𝑚𝑖𝑖 𝑗𝑗 1 + ∑ 𝑒𝑒𝑒𝑒𝑒𝑒(∑ 𝐷𝐷𝑎𝑎𝑖𝑖(𝜃𝜃𝑠𝑠 − 𝑏𝑏𝑖𝑖𝑘𝑘 )) 𝑖𝑖=1 
𝑃𝑃𝑖𝑖 1 − 𝑐𝑐𝑖𝑖 𝑗𝑗=1 𝑘𝑘=1 
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where, NGPCM is the number of items that are scored using GPCM items and N3PL is the number of 
items scored using a 3PL or 2PL model. 

For standard error of LOT/HOT scores, theta in the formula on the previous page is replaced with 
the LOT/HOT values. Finally, CSEM is limited to 1.5 on the theta scale as a global requirement. 

These standard error plots are presented in Figure 1, Figure  2, and Figure 3, respectively, instead 
of the test information functions (TIFs) for Mathematics, ELA, and end-of-course (EOC). Vertical 
lines represent the four performance category cut scores. This information is presented for 
comparison with accommodated forms in Section 5.5 Comparability of Scores of this volume. 
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Figure 1: Conditional Standard Errors of Measurement (Mathematics) 
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Figure 2: Conditional Standard Errors of Measurement (ELA) 
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Figure 3: Conditional Standard Errors of Measurement (EOC) 

For most tests, the standard error curves follow the typical expected trends with more test 
information regarding scores observed near the middle of the score scale. However, there are two 
general exceptions. In grades 7 and 8 Mathematics and all EOC tests, the standard error curve is 
minimized at a higher point along the FAST and B.E.S.T. score scale. This suggests the items 
within these tests are somewhat challenging relative to the tested population in part because the 
population has lost its upper tail to Algebra or Geometry tests due to their accelerated course 
progression. 

Appendix B, Conditional Standard Error of Measurement, includes scale score by scale score 
CSEM and corresponding achievement levels for each scale score. 

CSEM is used by establishing a confidence interval around a student’s observed scale score. This 
interval indicates where a student would have scored if he or she would have taken the same test 
again (with no new learning or no memory of questions taking place between test administrations). 
Reliability coefficients and CSEM for each reporting category are also presented in Appendix A, 
Reliability Coefficients. 

3.3   RELIABILITY OF  ACHIEVEMENT  CLASSIFICATION  

When students complete the FAST and B.E.S.T., they are placed into one of five achievement 
levels given their observed scaled score. The cut scores for student classification into the different 
achievement levels were determined after the Florida Statewide Assessments standard-setting 
process. 

During test construction, techniques are implemented to minimize misclassification of students, 
which can occur on any assessment. In particular, the CSEM curves can be constructed to ensure 
that smaller CSEMs are expected near important cut scores of the test or where the most students 
are scoring. However, it is not possible to tailor the test for the entire ability spectrum, which is 
the problem that adaptive testing aims to solve. 
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3.3.1  Classification Accuracy   

Misclassification probabilities are computed for all achievement-level standards (i.e., for the cuts 
between Levels 1 and 2, Levels 2 and 3, Levels 3 and 4, and Levels 4 and 5). The achievement 
level cut between Levels 2 and 3 is of primary interest because students are classified as 
Satisfactory or Below Satisfactory using this cut. Students with observed scores far from the Level 
3 cut are expected to be classified more accurately as Satisfactory or Below Satisfactory than 
students with scores near this cut. This report estimates classification reliabilities using two 
different methods: one based on observed abilities and a second based on estimating a latent 
posterior distribution for the true scores. 

Two approaches for estimating classification probabilities are provided. The first is an observed 
score approach to computing misclassification probabilities and is designed to explore the 
following two research questions: 

1. What is the overall classification accuracy index of the total test? 

2. What is the classification accuracy rate index for each individual performance cut within 
the test? 

The second approach computes misclassification probabilities using an IRT-based method for 
students scoring at each score point. This approach is designed to explore the following two 
research questions: 

1. What is the probability that the student’s true score is below the cut point? 

2. What is the probability that the student’s true score is above the cut point? 

Both approaches yield student-specific classification probabilities that can be aggregated to form 
overall misclassification rates for the test. We used students from the spring 2023 FAST and 
B.E.S.T. population data files with the status of reported scores. 

Table 4  provides the  sample  size, mean, and standard deviation of the observed theta  for the  data  
used in the first method  described  earlier. The theta scores are based on the MLEs obtained from  
Cambium Assessment, Inc.’s scoring engine. 
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Table 4: Descriptive Statistics from Population Data (ELA Reading, Mathematics, and 
EOC) 

ELA Reading Mathematics 

Grade N Average 
Theta 

SD of 
Theta Grade N Average 

Theta 
SD of 
Theta 

3 220,121 -0.06 1.18 3 219,589 -0.04 1.10 
4 199,859 -0.03 1.12 4 196,519 -0.02 1.13 
5 206,237 -0.01 1.10 5 201,956 -0.04 1.12 
6 215,466 -0.02 1.12 6 206,185 -0.06 1.13 
7 208,169 -0.02 1.12 7 146,438 -0.14 1.26 
8 213,912 -0.03 1.12 8 124,496 -0.16 1.31 
9 220,847 -0.04 1.14 Alg1 225,389 -0.11 1.17 

10 210,962 -0.02 1.13 Geo 221,142 -0.13 1.20 
*  Alg1: Algebra; Geo: Geometry 

The observed score approach (Rudner, 2001, 2005) implemented to assess classification accuracy 
is based on the probability that the true score, 𝜃𝜃, for student 𝑖𝑖 is within performance level 𝑗𝑗 = 
1,2, ⋯ , 𝐽𝐽. This probability can be estimated from evaluating the following integral: 

 
𝜆𝜆𝑢𝑢 

𝑒𝑒𝑖𝑖𝑗𝑗 = Pr (𝜆𝜆𝑙𝑙 ≤ 𝜃𝜃𝑖𝑖 < 𝜆𝜆𝑢𝑢|𝜃𝜃𝑖𝑖 , �̂�𝜎𝑖𝑖2) = 𝑓 𝑓𝑓(𝜃𝜃𝑖𝑖|𝜃𝜃𝑖𝑖 , �̂�𝜎𝑖𝑖2) 𝑑𝑑𝜃𝜃𝑖𝑖, 
𝜆𝜆𝑙𝑙 

where 𝜆𝜆𝑢𝑢 and 𝜆𝜆𝑙𝑙 denote the score corresponding to the upper and lower limits of the performance 
level, respectively, 𝜃𝜃𝑖𝑖 is the ability estimate of the ith student with an SEM of �̂�𝜎𝑖𝑖, and using the 
asymptotic property of normality of the MLE, 𝜃𝜃𝑖𝑖, we take 𝑓𝑓(∙) as asymmetrically normal, so the 
above probability can be estimated by: 

 
𝜆𝜆𝑢𝑢 − 𝜃𝜃𝑖𝑖 𝜆𝜆𝑙𝑙 − 𝜃𝜃𝑖𝑖 𝑒𝑒𝑖𝑖𝑗𝑗 = Φ( ) − Φ( ),
�̂�𝜎𝑖𝑖 �̂�𝜎𝑖𝑖 

where Φ(∙) denotes the standard normal cumulative distribution function (CDF). 

The expected number of students at level j based on students from observed level k can be 
expressed as: 

  

 𝐶𝐶𝑘𝑘𝑗𝑗 = ∑ 𝑒𝑒𝑖𝑖𝑗𝑗 , 
𝑝𝑝𝑙𝑙𝑖𝑖 𝜖𝜖 𝑘𝑘 

where 𝑒𝑒𝑙𝑙𝑖𝑖 is the ith student’s performance level, the values of 𝐶𝐶𝑘𝑘𝑗𝑗 are the elements used to populate 
the matrix 𝑬𝑬, a 5  × 5 matrix of conditionally expected numbers of students to score within each 
performance level bin based on their true scores. The overall classification accuracy indices (CAI) 
of the test can then be estimated from the diagonal elements of the matrix: 

 
𝑡𝑡𝑟𝑟(𝑬𝑬)

CAI = ,
𝑁𝑁 
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where 𝑁𝑁 = ∑ 5𝑘𝑘=1 𝑁𝑁𝑘𝑘 , 𝑁𝑁𝑘𝑘 is the observed number of students scoring in performance level  𝑘𝑘. The 
classification accuracy index for the individual cuts (CAIC) is estimated by forming square 
partitioned blocks of the matrix 𝑬𝑬 and taking the summation over all elements within the block as 
follows: 

 
𝑝𝑝 𝑝𝑝 5 5 

CAIC = (∑ ∑ 𝐶𝐶𝑘𝑘𝑗𝑗 + ∑ ∑ 𝐶𝐶𝑘𝑘𝑗𝑗)/𝑁𝑁, 
𝑘𝑘=1 𝑗𝑗=1 𝑘𝑘=𝑝𝑝+1 𝑗𝑗=𝑝𝑝+1 

where 𝑒𝑒 is the element of one of the cuts of interest. 

The IRT-based approach (Guo, 2006) makes use of student-level item response data from the 2023 
FAST and B.E.S.T. test administration. We can estimate a posterior probability distribution for the 
latent true score, and from this, estimate the probability that a true score is above the cut as: 

 
∞∫ 𝑒𝑒(𝑧𝑧|𝜃𝜃)𝑓𝑓(𝜃𝜃|𝜇𝜇, 𝜎𝜎)𝑑𝑑𝜃𝜃 𝑐𝑐 𝑒𝑒(𝜃𝜃 > 𝑐𝑐) = ,∞∫ 𝑒𝑒(𝑧𝑧|𝜃𝜃)𝑓𝑓(𝜃𝜃|𝜇𝜇, 𝜎𝜎) 𝑑𝑑𝜃𝜃 −∞ 

where 𝑐𝑐 is the cut score required for passing in the same assigned metric, 𝜃𝜃 is true ability in the 
true-score metric, 𝑧𝑧  is the item score, 𝜇𝜇 is the mean, and 𝜎𝜎 is the standard deviation of the 
population distribution. The function 𝑒𝑒(𝑧𝑧|𝜃𝜃) is the probability of the particular pattern of responses 
given the theta, and 𝑓𝑓(𝜃𝜃) is the density of the proficiency 𝜃𝜃 in the population. 

Similarly, we can estimate the probability that a true score is below the cut as: 

 
𝑐𝑐∫ 𝑒𝑒(𝑧𝑧|𝜃𝜃)𝑓𝑓(𝜃𝜃|𝜇𝜇, 𝜎𝜎)𝑑𝑑𝜃𝜃 −∞ 𝑒𝑒(𝜃𝜃 < 𝑐𝑐) = .∞∫ 𝑒𝑒(𝑧𝑧|𝜃𝜃)𝑓𝑓(𝜃𝜃|𝜇𝜇, 𝜎𝜎) 𝑑𝑑𝜃𝜃 −∞ 

From these misclassification probabilities, we can estimate the overall false positive rate (FPR) 
and false negative rate (FNR) of the test. The FPR is expressed as the proportion of individuals 
who scored above the cut based on their observed score, but their true score would otherwise have 
classified them as below the cut. The FNR is expressed as the proportion of individuals who scored 
below the cut based on their observed score, but otherwise would have been classified as above 
the cut based on their true scores. These rates are estimated as follows: 

   

 FPR = ∑ 𝑒𝑒(𝜃𝜃 < 𝑐𝑐)/𝑁𝑁 
𝑖𝑖 ∈ 𝜃𝜃≥𝑐𝑐 

   

 FNR = ∑ 𝑒𝑒(𝜃𝜃 ≥ 𝑐𝑐)/𝑁𝑁. 
𝑖𝑖 ∈ 𝜃𝜃<𝑐𝑐 

In addition to these rates, we computed the accuracy rates for each cut as: 

     Accuracy =  1 – (FPR + FNR). 

Tables  5–7 provide the overall CAI and the CAI for the individual cuts (CAIC) for the 
Mathematics, ELA, and EOC tests, respectively, based on the observed score approach. Here, the 
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overall classification accuracy of the test ranges from 0.694 to 0.762 for Mathematics, 0.700 to  
0.719 for ELA, and 0.801 to 0.814 for  EOC.   

Table 5: Classification Accuracy Index (Mathematics) 

Grade Overall Accuracy 
Index 

Cut Accuracy Index 

Between Cut 1 and 
Cut 2 

Between Cut 2 
and Cut 3 

Between Cut 3 
and Cut 4 

Between Cut 4 
and Cut 5 

3 0.753 0.947 0.924 0.925 0.956 

4 0.756 0.936 0.929 0.931 0.957 

5 0.762 0.933 0.929 0.939 0.958 

6 0.744 0.914 0.919 0.938 0.968 

7 0.704 0.886 0.894 0.936 0.970 

8 0.694 0.895 0.892 0.924 0.966 

Table 6: Classification Accuracy Index (ELA Reading) 

Grade Overall Accuracy 
Index 

Cut Accuracy Index 

Between Cut 1 and 
Cut 2 

Between Cut 2 
and Cut 3 

Between Cut 3 
and Cut 4 

Between Cut 4 
and Cut 5 

3 0.713 0.915 0.915 0.925 0.948 

4 0.719 0.926 0.919 0.922 0.947 

5 0.714 0.933 0.913 0.916 0.946 

6 0.713 0.927 0.911 0.919 0.951 

7 0.714 0.925 0.912 0.918 0.952 

8 0.708 0.925 0.911 0.920 0.945 

9 0.702 0.919 0.908 0.918 0.949 

10 0.700 0.925 0.905 0.914 0.948 

Table 7: Classification Accuracy Index (EOC) 

Subject/Core Overall Accuracy 
Index 

Cut Accuracy Index 

Between Cut 1 and 
Cut 2 

Between Cut 2 
and Cut 3 

Between Cut 3 
and Cut 4 

Between Cut 4 
and Cut 5 

Algebra 1 0.801 0.923 0.928 0.968 0.979 

Geometry 0.814 0.927 0.942 0.965 0.977 

Tables  8–10 provide the FPR and FNR from the IRT-based approach for Mathematics, ELA, and 
EOC. The FNR and FPR rates for the Level 2/3 cut are around 3%–6% for Mathematics, ELA, 
and EOC. 

Tables  8–10 also provide the overall accuracy rates after accounting for both false positive and 
false negative rates. For example, the overall accuracy rate of 0.923 for the Level 2/3 cut in grade 
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3 Mathematics suggests 92.3% of the students estimated to have a true score status at Level 3 are 
correctly classified into that category by their observed scores. As expected, the overall accuracy 
rates are reasonable in all cuts. 

Table 8: False Classification Rates and Overall Accuracy Rates (Mathematics) 

1/2 cut 2/3 cut 3/4 cut 4/5 cut 

Grade FPR FNR Accuracy FPR FNR Accuracy FPR FNR Accuracy FPR FNR Accuracy 

3 0.029 0.024 0.946 0.037 0.041 0.923 0.034 0.042 0.924 0.018 0.026 0.956 

4 0.032 0.030 0.938 0.033 0.036 0.931 0.031 0.038 0.931 0.017 0.027 0.956 

5 0.036 0.030 0.934 0.033 0.037 0.931 0.026 0.034 0.939 0.017 0.025 0.958 

6 0.049 0.039 0.912 0.037 0.041 0.922 0.026 0.034 0.940 0.012 0.019 0.969 

7 0.066 0.055 0.879 0.045 0.053 0.902 0.024 0.034 0.943 0.011 0.016 0.973 

8 0.069 0.050 0.881 0.040 0.063 0.897 0.027 0.040 0.933 0.012 0.017 0.971 

Table 9: False Classification Rates and Overall Accuracy Rates (ELA) 

1/2 cut 2/3 cut 3/4 cut 4/5 cut 

Grade FPR FNR Accuracy FPR FNR Accuracy FPR FNR Accuracy FPR FNR Accuracy 

3 0.047 0.038 0.915 0.035 0.043 0.921 0.031 0.044 0.925 0.020 0.032 0.948 

4 0.040 0.033 0.927 0.035 0.044 0.921 0.032 0.046 0.922 0.020 0.033 0.946 

5 0.037 0.032 0.931 0.040 0.047 0.913 0.035 0.050 0.915 0.020 0.034 0.945 

6 0.038 0.032 0.930 0.040 0.051 0.909 0.033 0.050 0.917 0.018 0.030 0.953 

7 0.040 0.034 0.926 0.039 0.050 0.911 0.034 0.050 0.916 0.018 0.030 0.952 

8 0.041 0.035 0.925 0.039 0.050 0.910 0.033 0.049 0.918 0.021 0.034 0.945 

9 0.046 0.036 0.917 0.040 0.053 0.907 0.033 0.049 0.918 0.019 0.031 0.950 

10 0.040 0.037 0.924 0.041 0.054 0.905 0.037 0.053 0.910 0.020 0.035 0.945 

Table 10: False Classification Rates and Overall Accuracy Rates (EOC) 

1/2 cut 2/3 cut 3/4 cut 4/5 cut 

Subject/Core FPR FNR Accuracy FPR FNR Accuracy FPR FNR Accuracy FPR FNR Accuracy 

Algebra 1 0.047 0.034 0.919 0.032 0.037 0.930 0.021 0.027 0.953 0.009 0.012 0.980 

Geometry 0.037 0.031 0.932 0.025 0.030 0.945 0.016 0.017 0.966 0.011 0.011 0.978 

Figure 4  shows an example  plot exhibiting the probability of misclassification for grade  3 ELA. 
The plot  shows  that students with  scores below  –0.308 on the theta scale, which corresponds to a  
scale score of  294, and students with scores above 0.325, corresponding to a scale  score of 306, 
are classified  accurately  at least  90% of the time.  Scale scores representing 90% of classification  
accuracy by  each grade and subject are displayed in Appendix C.  

Appendix C also includes plots of the misclassification probabilities for the Level 2/3 cuts from 
the IRT-based approach conditional on ability for all grades and subjects as well as by subgroups 
(ELLs and Students with Disabilities [SWD]). The plots of the misclassification probabilities for 
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the Level 1/2 cuts are also included Appendix C for grade 3 ELA. The vertical bar within each 
graph represents the cut score required to achieve Level 3 (i.e., on grade level). A properly 
functioning test yields increased misclassification probabilities approaching the cut, as the density 
of the posterior probability distribution is symmetric, and approximately half of its mass will fall 
on either side of the proficiency level cut as 𝜃𝜃 → 𝑐𝑐. 

These visual displays are useful heuristics to evaluate the probability of misclassification for all 
levels of ability. Students far from the Level 3 cut have very small misclassification probabilities, 
and the probabilities approach a peak near 50% as 𝜃𝜃 → 𝑐𝑐, as expected.  

Figure 4: Probability of Misclassification Conditional on Ability 

These results demonstrate that classification reliabilities are generally high, with some lower rates 
affecting tests known to be particularly challenging. We can compare the FAST and B.E.S.T. 
classification accuracy rates to those of the State of New York, which is comparable in population 
size (New York State Education Department, 2022). Although New York administers a different 
testing program, estimated accuracy rates there range from 73%–79% in ELA and from 79%–83% 
in Mathematics (2022). The individual cut accuracy was relatively similar between New York and 
Florida. For the Level 2/3 cut, Florida showed from 90%–93% in Mathematics, from 91%–92% 
in ELA, and from 93%–95% in EOC. New York showed from 90%–92% in ELA and from 
93%–95% in Mathematics for the proficiency cut. 
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3.3.2  Classification Consistency   

Classification accuracy refers to the degree to which a student’s true score and observed score 
would fall within the same performance level (Rudner, 2001). Classification consistency refers to 
the degree to which test takers are classified into the same performance level assuming the test is 
administered twice independently (Lee, Hanson, & Brennan, 2002)—that is, the percentages of 
students who are consistently classified in the same performance levels on two equivalent test 
forms. In reality, the true ability is unknown, and students do not take an alternate, equivalent 
form; therefore, classification accuracy and consistency are estimated based on students’ item 
scores, item parameters, and assumed underlying latent ability distribution. Classification 
consistency was estimated based on the method in Lee, Hanson, and Brennan (2002). 

Similar to accuracy, a 5  × 5 matrix can be constructed by assuming the test is administered twice 
independently to the same group of students. The classification consistency index for the 
individual cuts (CCIC) was estimated as: 

 
𝑁𝑁∑𝑖𝑖=1(𝜌𝜌𝑖𝑖(𝜃𝜃 > 𝑐𝑐)2 + (1 − 𝜌𝜌𝑖𝑖(𝜃𝜃 > 𝑐𝑐))2)

𝐶𝐶𝐶𝐶𝐼𝐼𝐶𝐶 = 
𝑁𝑁 

where 𝑐𝑐 is the cut score required for passing in the same assigned metric, 𝜌𝜌 is the probability of 
being above the cut for student 𝑖𝑖, 𝑁𝑁  is the total number of students, and 𝜃𝜃 is true ability in the true-
score metric. 

Classification consistency with classification accuracy results are presented in Tables 11–14. In 
the cut 1 and cut 2, cut 2 and cut 3, and cut 3 and cut 4 results, all accuracy values are close to or 
higher than 0.90, and the consistency values are around 0.90 or slightly below 0.90, except for 
consistency for Mathematics grades 7 and 8, which is above 0.83. With the higher performance 
levels, cut 4 and cut 5, most values are around 0.95 or slightly below 0.95. In all performance 
levels, classification accuracy is slightly higher than classification consistency. Classification 
consistency rates can be lower than classification accuracy because the consistency is based on 
two tests with measurement errors, while the accuracy is based on one test with a measurement 
error and the true score. The accuracy and consistency rates for each performance level are higher 
for the levels with smaller standard error. 

Table 11: Classification Accuracy and Consistency (Cut 1 and Cut 2) 

Grade 
ELA Grade/ 

Subject 
Mathematics  

Accuracy Consistency Accuracy Consistency 

3 0.915 0.880 3 0.947 0.925 

4 0.926 0.897 4 0.936 0.912 

5 0.933 0.903 5 0.933 0.907 

6 0.927 0.901 6 0.914 0.878 

7 0.925 0.896 7 0.886 0.832 

8 0.925 0.894 8 0.895 0.835 

9 0.919 0.884 Algebra 1 0.923 0.888 

10 0.925 0.892 Geometry 0.927 0.904 
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Table 12: Classification Accuracy and Consistency (Cut 2 and Cut 3) 

Grade 
ELA Grade/ 

Subject 
Mathematics  

Accuracy Consistency Accuracy Consistency 

3 0.915 0.889 3 0.924 0.891 

4 0.919 0.888 4 0.929 0.903 

5 0.913 0.877 5 0.929 0.902 

6 0.911 0.872 6 0.919 0.890 

7 0.912 0.875 7 0.894 0.863 

8 0.911 0.874 8 0.892 0.860 

9 0.908 0.870 Algebra 1 0.928 0.902 

10 0.905 0.867 Geometry 0.942 0.923 

Table 13: Classification Accuracy and Consistency (Cut 3 and Cut 4) 

Grade 
ELA Grade/ 

Subject 
Mathematics  

Accuracy Consistency Accuracy Consistency 

3 0.925 0.897 3 0.925 0.893 

4 0.922 0.891 4 0.931 0.903 

5 0.916 0.881 5 0.939 0.915 

6 0.919 0.886 6 0.938 0.916 

7 0.918 0.885 7 0.936 0.922 

8 0.920 0.888 8 0.924 0.910 

9 0.918 0.888 Algebra 1 0.951 0.934 

10 0.914 0.877 Geometry 0.965 0.953 
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Table 14: Classification Accuracy and Consistency (Cut 4 and Cut 5) 

Grade 
ELA Grade/ 

Subject 
Mathematics  

Accuracy Consistency Accuracy Consistency 

3 0.948 0.931 3 0.956 0.941 

4 0.947 0.930 4 0.957 0.941 

5 0.946 0.930 5 0.958 0.943 

6 0.951 0.938 6 0.968 0.958 

7 0.952 0.938 7 0.970 0.964 

8 0.945 0.928 8 0.966 0.961 

9 0.949 0.935 Algebra 1 0.979 0.972 

10 0.946 0.930 Geometry 0.977 0.969 

3.4   PRECISION AT  CUT  SCORES   

Tables  15–17  present  the  mean CSEM at  each achievement level by  grade and subject. These  
tables also  include achievement  level cut scores and associated CSEM.   
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Table 15: Achievement Levels and Associated Conditional Standard Errors of 
Measurement (Mathematics) 

Grade Achievement 
Level Mean CSEM Cut Score (Scale Score) CSEM at Cut Score 

3 

1 9.270 

2 5.294 183 5.784 

3 4.889 198 4.968 

4 5.049 209 4.852 

5 7.365 225 5.667 

4 

1 10.793 

2 4.770 200 5.396 

3 4.244 211 4.323 

4 4.699 221 4.284 

5 8.682 238 5.639 

5 

1 11.882 

2 5.255 207 6.192 

3 4.505 222 4.632 

4 4.656 234 4.481 

5 7.281 246 5.039 

6 

1 13.442 

2 6.160 213 7.379 

3 4.789 229 5.127 

4 4.272 239 4.444 

5 5.252 254 4.208 

7 

1 16.969 

2 7.412 223 8.693 

3 5.477 235 6.245 

4 4.279 247 4.654 

5 3.974 258 3.861 

8 

1 18.476 

2 7.879 227 9.949 

3 5.480 244 6.191 

4 4.433 254 4.748 

5 3.897 263 4.065 
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Table 16: Achievement Levels and Associated Conditional Standard Errors of 
Measurement (ELA Reading) 

Grade Achievement 
Level Mean CSEM Cut Score (Scale Score) CSEM at Cut Score 

3 

1 15.934 

2 6.248 186 7.629 

3 5.269 201 5.373 

4 5.587 213 5.332 

5 7.043 225 6.046 

4 

1 11.902 

2 5.654 199 6.509 

3 5.031 213 5.122 

4 5.617 224 5.130 

5 7.915 237 6.512 

5 

1 9.776 

2 5.927 206 6.523 

3 5.660 222 5.587 

4 6.296 232 5.842 

5 8.503 246 7.099 

6 

1 11.726 

2 6.369 209 6.591 

3 6.116 225 6.169 

4 6.228 237 6.137 

5 7.205 250 6.403 

7 

1 12.411 

2 6.461 215 7.098 

3 6.095 232 6.115 

4 6.388 242 6.141 

5 8.150 257 6.899 

8 

1 13.281 

2 6.885 220 7.635 

3 6.409 238 6.438 

4 6.695 251 6.504 

5 8.046 262 7.034 

9 

1 14.431 

2 7.262 224 8.245 

3 6.394 242 6.579 
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Grade Achievement 
Level Mean CSEM Cut Score (Scale Score) CSEM at Cut Score 

4 6.485 254 6.322 

5 7.908 267 6.899 

10 

1 12.990 

2 6.523 230 7.413 

3 6.557 247 6.329 

4 7.291 258 6.916 

5 9.031 272 7.909 

Table 17: Achievement Levels and Associated Conditional Standard Errors of 
Measurement (EOC) 

Grade Achievement 
Level Mean CSEM Cut Score (Scale Score) CSEM at Cut Score 

Algebra 1 

1 16.845 

2 7.848 379 9.702 

3 5.057 400 6.252 

4 4.048 428 4.125 

5 4.010 435 3.956 

Geometry 

1 17.429 

2 5.849 385 7.343 

3 4.145 404 4.735 

4 3.604 423 3.666 

5 3.672 432 3.562 

3.5   WRITING  PROMPTS INTER-RATER  RELIABILITY  

During spring 2023, the writing assessments were decoupled from ELA and administered as an 
independent field test based on a representative sample of schools. Volume 1, Section 4.3 Field 
Testing, details how the representative sample was derived. 

All ELA Writing prompts were handscored by two human raters. The basic method to compute 
inter-rater reliability is percentage agreement. As seen in Table 18, the agreement column shows 
the exact agreement (when two raters gave the same score), the adjacent ratings (when the 
difference between two raters was 1), and the non-adjacent ratings (when the difference was larger 
than 1). In this example, responses 2 and 3 had exact agreement, response 1 had adjacent 
agreement, and response 4 had non-adjacent agreement. 
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Table 18: Rater Agreement Example 

Response Rater 1 Rater 2 Agreement 

1 2 3 1 

2 1 1 0 

3 2 2 0 

4 2 0 2 

Likewise, inter-rater reliability monitors how often scorers are in exact agreement with each other 
and ensures that an acceptable agreement rate is maintained. The calculations for inter-rater 
reliability in this report are as follows: 

• Percentage Exact. Total number of responses by scorer in which scores are equal divided 
by the number of responses that were scored twice. 

• Percentage Adjacent. Total number of responses by scorer in which scores are one score 
point apart divided by the number of responses that were scored twice. 

• Percentage Non-Adjacent. Total number of responses by scorer where scores are more 
than one score point apart divided by the number of responses that were scored twice, when 
applicable. 

Table 19  displays rater-agreement percentages. The percentage of exact agreement between two  
raters ranged from 70%–75%. The percentage of  adjacent rating was between 24%–29%. The non-
adjacent percentages fell between 0%–1%. The number of processed responses does not  
necessarily correspond to the number of students participating in the ELA Writing portion. For  
this year, student responses were scored by two readers.  

Table 19: Inter-Rater Reliability 

Grade Dimension % Exact % Adjacent % Not 
Adjacent 

Average 
Number of 

Student 
Responses 

Scored 

4 

Purpose / Structure 71 28 1 

4,983 Development 73 27 1 

Language 71 28 1 

5 

Purpose / Structure 74 26 0 

5,079 Development 75 25 0 

Language 74 26 0 

6 

Purpose / Structure 72 27 1 

5,374 Development 73 27 1 

Language 72 27 1 

7 
Purpose / Structure 73 26 0 

5,060 
Development 75 24 0 
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Grade Dimension % Exact % Adjacent % Not 
Adjacent 

Average 
Number of 

Student 
Responses 

Scored 

Language 71 28 1 

8 

Purpose / Structure 71 28 1 

5,075 Development 72 28 1 

Language 70 29 1 

9 

Purpose / Structure 74 25 0 

5,017 Development 74 26 0 

Language 73 26 1 

10 

Purpose / Structure 75 24 0 

4,771 Development 75 24 0 

Language 71 28 0 

In addition to inter-rater reliability, validity coefficients, percentage exact agreement on validity 
true scores, and human scores were also calculated. Validity true scores for each dimension were 
determined by scoring directors, and Test Development Center (TDC) content experts approved 
those scores. Validity coefficients in Table 20  indicate  how  often scorers are in exact agreement  
with previously scored  selected responses that  are inserted into the scoring queue,  and they  ensure  
that  an acceptable agreement rate is maintained. The calculations are as follows:  

• Percentage Exact. Total number of responses by scorer where scores are equal divided by 
the total number of responses that were scored. 

• Percentage Adjacent. Total number of responses by scorer where scores are one point 
apart divided by the total number of responses that were scored. 

• Percentage Non-Adjacent. Total number of responses by scorer where scores are more 
than one score point apart divided by the total number of responses that were scored 
presents the final validity coefficients, which were between 80 and 90.  

Table 20: Validity Coefficients 

Grade Purpose / Structure Development Language 

4 86 88 86 

5 87 87 86 

6 85 85 80 

7 89 86 83 

8 87 87 82 

9 90 90 90 

10 89 88 80 
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Cohen’s kappa (Cohen, 1968) is an index of inter-rater agreement after accounting for the 
agreement that could be expected due to chance. This statistic can be computed as: 

 
𝑃𝑃𝑜𝑜 − 𝑃𝑃𝑐𝑐 𝐾𝐾 = ,
1 − 𝑃𝑃𝑐𝑐 

where 𝑃𝑃𝑜𝑜 is the proportion of observed agreement, and 𝑃𝑃𝑐𝑐 indicates the proportion of agreement by 
chance. Cohen’s kappa treats all disagreement values with equal weights. Weighted kappa 
coefficients (Cohen, 1968), however, allow unequal weights, which can be used as a measure of 
validity. Weighted kappa coefficients were calculated using the formula below: 

 
𝑃𝑃′𝑜𝑜 − 𝑃𝑃′𝑐𝑐 𝐾𝐾𝑤𝑤 = ,
1 − 𝑃𝑃′𝑐𝑐 

 
∑ 𝑤𝑤𝑖𝑖𝑗𝑗𝑒𝑒𝑜𝑜𝑖𝑖𝑗𝑗 𝑃𝑃′𝑜𝑜 = ,
𝑤𝑤𝑚𝑚𝑚𝑚𝑚𝑚 

∑ 𝑤𝑤𝑖𝑖𝑖𝑖𝑝𝑝𝑐𝑐𝑖𝑖𝑖𝑖 𝑃𝑃′𝑐𝑐 = ,
𝑤𝑤𝑚𝑚𝑚𝑚𝑚𝑚 

where 𝑒𝑒𝑜𝑜𝑖𝑖𝑗𝑗 is the proportion of the judgments observed in the ijth cell, 𝑒𝑒𝑐𝑐𝑖𝑖𝑗𝑗 is the proportion in the 
ijth cell expected by chance, and 𝑤𝑤𝑖𝑖𝑗𝑗 is the disagreement weight. 

Weighted kappa coefficients for  grades 4–10 operational ELA Writing prompts by dimension are  
presented in  Table 21. They ranged from 0.782–0.835. 

Table 21: Weighted Kappa Coefficients 

Grade Average N Purpose /
Structure Development Language 

4 4,978 0.805 0.803 0.802 

5 5,075 0.835 0.831 0.828 

6 5,366 0.815 0.813 0.804 

7 5,052 0.814 0.809 0.799 

8 5,070 0.796 0.793 0.782 

9 5,010 0.808 0.804 0.790 

10 4,762 0.816 0.813 0.792 

3.6 WRITING PROMPTS SCORING DIMENSION CORRELATIONS 

Table 22: B.E.S.T. Writing Grade 4 Prompt Scoring Dimension Correlations 

Prompt N 
Development with

Purpose /
Structure 

Language with
Purpose /
Structure 

Language with
Development 

37558 4929 0.977 0.973 0.961 

37619 4960 0.975 0.965 0.952 

37620 4918 0.960 0.964 0.945 

Evidence of Reliability and Validity Florida Department of Education 28  



     
 

         

  
 

 
 

 
 
 

  
 

     

     

     

     

     

     

     

    

  
 

 
 

 
 
 

  
 

     

     

     

     

     

     

     

     

     

     

    

  
 

 
 

 
 
 

  
 

     

     

     

     

     

     

     

     

     

     

     

Florida B.E.S.T. 2022–2023 Technical Report: Volume 4 

Prompt N 
Development with

Purpose /
Structure 

Language with
Purpose /
Structure 

Language with
Development 

37632 4978 0.975 0.971 0.960 

37641 4942 0.953 0.959 0.933 

37642 4942 0.971 0.971 0.952 

37644 4972 0.944 0.944 0.930 

37677 4937 0.932 0.928 0.911 

37749 4928 0.973 0.965 0.955 

38597 4925 0.965 0.957 0.947 

Table 23: B.E.S.T. Writing Grade 5 Prompt Scoring Dimension Correlations 

Prompt N 
Development with

Purpose /
Structure 

Language with
Purpose /
Structure 

Language with
Development 

37591 5032 0.962 0.963 0.968 

37594 5027 0.953 0.961 0.961 

37682 5039 0.959 0.969 0.955 

37683 5061 0.953 0.960 0.957 

37702 5033 0.964 0.967 0.967 

37736 5058 0.954 0.961 0.964 

37773 5026 0.967 0.972 0.973 

38179 5025 0.959 0.967 0.966 

38214 5031 0.959 0.970 0.967 

38655 5076 0.943 0.934 0.934 

Table 24: B.E.S.T. Writing Grade 6 Prompt Scoring Dimension Correlations 

Prompt N 
Development with

Purpose /
Structure 

Language with
Purpose /
Structure 

Language with
Development 

37621 5325 0.971 0.911 0.897 

37639 5283 0.972 0.918 0.908 

37643 5322 0.971 0.929 0.914 

37647 5299 0.963 0.897 0.886 

37653 5283 0.970 0.923 0.905 

37673 5292 0.976 0.925 0.920 

37691 5318 0.978 0.915 0.910 

37725 5321 0.969 0.916 0.902 

37916 5355 0.966 0.907 0.892 

38112 5326 0.964 0.905 0.896 

38533 5324 0.972 0.909 0.898 
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Table 25: B.E.S.T. Writing Grade 7 Prompt Scoring Dimension Correlations 

Prompt N 
Development with

Purpose /
Structure 

Language with
Purpose /
Structure 

Language with
Development 

37603 5021 0.946 0.907 0.880 

37604 4972 0.947 0.907 0.875 

37627 5011 0.959 0.924 0.899 

37671 4956 0.953 0.932 0.896 

37678 5010 0.932 0.921 0.869 

37684 5043 0.930 0.920 0.859 

37726 4967 0.933 0.932 0.882 

37728 4996 0.939 0.931 0.882 

37729 4949 0.933 0.918 0.864 

38738 4958 0.936 0.909 0.863 

Table 26: B.E.S.T. Writing Grade 8 Prompt Scoring Dimension Correlations 

Prompt N 
Development with

Purpose /
Structure 

Language with
Purpose /
Structure 

Language with
Development 

37624 4979 0.971 0.956 0.944 

37723 5024 0.974 0.949 0.936 

37733 5028 0.976 0.931 0.921 

37750 5025 0.973 0.951 0.939 

37935 5020 0.980 0.963 0.950 

38033 5034 0.973 0.937 0.929 

38144 4977 0.988 0.961 0.954 

38367 5005 0.980 0.951 0.946 

38901 4968 0.972 0.953 0.937 

38959 5029 0.973 0.956 0.940 

Table 27: B.E.S.T. Writing Grade 9 Prompt Scoring Dimension Correlations 

Prompt N 
Development with

Purpose /
Structure 

Language with
Purpose /
Structure 

Language with
Development 

37612 4951 0.971 0.948 0.935 

37617 4892 0.986 0.939 0.934 

37662 4918 0.976 0.938 0.927 

37672 4914 0.981 0.950 0.941 

37713 4912 0.976 0.952 0.946 

37719 4922 0.982 0.952 0.942 
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Prompt N 
Development with

Purpose /
Structure 

Language with
Purpose /
Structure 

Language with
Development 

37737 4910 0.982 0.937 0.932 

37741 4967 0.965 0.952 0.934 

37764 4968 0.981 0.954 0.943 

38594 4902 0.967 0.938 0.924 

38668 4904 0.975 0.943 0.935 

38819 4947 0.977 0.932 0.923 

Table 28: B.E.S.T. Writing Grade 10 Prompt Scoring Dimension Correlations 

Prompt N 
Development with

Purpose /
Structure 

Language with
Purpose /
Structure 

Language with
Development 

37605 4632 0.971 0.836 0.826 

37610 4669 0.959 0.847 0.830 

37613 4719 0.976 0.852 0.846 

37616 4689 0.981 0.827 0.820 

37652 4690 0.973 0.847 0.837 

37654 4645 0.969 0.817 0.807 

37661 4681 0.974 0.858 0.848 

37663 4660 0.974 0.856 0.846 

37679 4698 0.972 0.856 0.847 

37680 4672 0.977 0.832 0.829 

37695 4632 0.966 0.854 0.841 

37744 4690 0.976 0.840 0.834 

37770 4669 0.970 0.823 0.814 

37878 4692 0.973 0.821 0.818 

38559 4674 0.977 0.866 0.858 

38951 4682 0.982 0.826 0.821 
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4.  VALIDITY  

Validation is the process of collecting evidence to support inferences from assessment results. A 
prime consideration in validating a test is determining if the test measures what it purports to 
measure. During the process of evaluating if the test measures the construct of interest, several 
threats to validity must be considered. For example, the test may be biased against a particular 
group, test scores may be unreliable, students may not be properly motivated to perform on the 
test, or test content may not span the entire range of the construct to be measured. Any of these 
threats to validity could compromise the interpretation of test scores. 

Beyond ensuring that the test is measuring what it is supposed to measure, it is equally important 
that the interpretations made by users of the test’s results are limited to those that can be 
legitimately supported by the test. The topic of appropriate score use is discussed in Volume 6 (see 
Appropriate Score Uses and Cautions for Score Use sections) and Volume 1 (see Scoring section) 
of this technical report. 

Demonstrating that a test measures what it is intended to measure and that interpretations of the 
test’s results are appropriate requires an accumulation of evidence from several sources. These 
sources generally include expert opinion, logical reasoning, and empirical justification. What 
constitutes a sufficient collection of evidence in the demonstration of test validity that has been 
the subject of considerable research, thought, and debate in the measurement community over the 
years. Several different conceptions of validity and approaches to test validation have been 
proposed, and as a result the field has evolved. 

This chapter begins with an overview of the major historical perspectives on validity in 
measurement. Included in this overview is a presentation of a modern perspective that takes an 
argument-based approach to validity. Following the overview is the presentation of validity 
evidence for the Florida Assessment of Student Thinking (FAST) and B.E.S.T. 

4.1   PERSPECTIVES ON TEST VALIDITY  

The following sections discuss some of the major conceptualizations of validity used in 
educational measurement. 

4.1.1  Criterion Validity  

The basis of criterion validity is the demonstration of a relationship between the test and an external 
criterion. If the test is intended to measure mathematical ability, for example, then scores from the 
test should correlate substantially with other valid measures of mathematical ability. Criterion 
validity addresses how accurately criterion performance can be predicted from test scores. The key 
to criterion-related evidence is the degree of relationship between the assessment tasks and the 
outcome criterion (Cronbach, 1990). For the observed relationship between the assessment and the 
criterion to be a meaningful indicator of criterion validity, the criterion should be relevant to the 
assessment and be reliable. Criterion validity is typically expressed in terms of the product-
moment correlation between the scores of the test and the criterion score. 

There are two types of criterion-related evidence: concurrent and predictive. The difference 
between these types lies in the procedures used for collecting validity evidence. Concurrent 
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evidence is collected from both the assessment and the criterion at the same time. An example 
might be found in relating the scores from a district-wide assessment to the American College 
Testing (ACT) assessment (the criterion). In this example, if the results from the district-wide 
assessment and the ACT assessment were collected in the same semester of the school year, this 
would provide concurrent criterion-related evidence. On the other hand, predictive evidence is 
usually collected at different times; typically, the criterion information is obtained subsequent to 
the administration of the measure. For example, if ACT assessment results were used to predict 
success in the first year of college, the ACT results would be obtained in the junior or senior year 
of high school, whereas the criterion (e.g., college grade point average) would not be available 
until the following year. 

In ideal situations, the criterion validity approach can provide convincing evidence of a test’s 
validity. However, there are two important obstacles to implementing the approach. First, a 
suitable criterion must be found. Standards-based tests like the FAST and B.E.S.T. are designed 
to measure student achievement on Florida assessments. Finding a criterion representing 
achievement on the standards may be difficult to do without creating yet another test. It is possible 
to correlate performance on the FAST and B.E.S.T. with other types of assessments, such as the 
ACT or school assessments. Strong correlations with a variety of other assessments would provide 
some evidence of validity for the FAST and B.E.S.T., but the evidence would be less compelling 
if the criterion measures are only indirectly related to the standards. 

A second obstacle to the demonstration of criterion validity is that the criterion may need to be 
validated as well. In some cases, it may be more difficult to demonstrate the validity of the criterion 
than to validate the test itself. Further, unreliability of the criterion can substantially attenuate the 
correlation observed between a valid measure and the criterion. 

Criterion-related validity evidence on the FAST and B.E.S.T. will be collected and reported in an 
ongoing manner. These data are most likely to come from districts conducting program evaluation 
research, university researchers and special interest groups researching topics of local interest, as 
well as the data collection efforts of the Florida Department of Education (FDOE). 

4.1.2  Content and Curricular Validity   

Content validity is a type of test validity that addresses whether the test adequately samples the 
relevant domain of material it purports to cover (Cronbach, 1990). If a test is made up of a series 
of tasks that form a representative sample of a particular domain of tasks, then the test is said to 
have good content validity. For example, a content-valid test of mathematical ability should be 
composed of tasks allowing students to demonstrate their mathematical ability. 

Evaluating content validity is a subjective process based on rational arguments. Even when 
conducted by content experts, the subjectivity of the method remains a weakness. Also, content 
validity only speaks to the validity of the test itself, not to decisions made based on the test scores. 
For example, a poor score on a content-valid Mathematics test indicates that the student did not 
demonstrate mathematical ability. But from this alone, one cannot conclusively determine that the 
student has low mathematical ability. This conclusion could only be reached if it could be shown 
or argued that the student put forth his or her best effort, the student was not distracted during the 
test, and the test did not contain a bias preventing the student from scoring well. 

Evidence of Reliability and Validity Florida Department of Education 33  



     
 

         

    
   

  
     

  
  

   
 

 
    

   
  

   
     

   

  
 

   
  

   
   

  
 

 

  
   

   
  

   
 

      
 

   
 

   
 

  

  
    

Florida B.E.S.T. 2022–2023 Technical Report: Volume 4 

Generally, achievement tests such as the FAST and B.E.S.T. are constructed so that they have 
strong content validity. As documented in this volume as well as in Volume 2, tremendous effort 
is expended by FDOE, the content vendor Cambium Assessment, Inc., and the educator 
committees to ensure that the FAST and B.E.S.T. are content-valid. Although content validity has 
limitations and cannot serve as the only evidence for validation, it is an important piece of evidence 
for the validation of the FAST and B.E.S.T. 

4.1.3  Construct Validity  

The term construct validity refers to the degree to which the observed test score is a measure of 
the underlying characteristic (i.e., the latent construct) of interest. A construct is an individual 
characteristic assumed to exist in order to explain some aspect of behavior (Linn & Gronlund, 
1995). When a particular individual characteristic is inferred from an assessment result, a 
generalization or interpretation in terms of a construct is being made. For example, problem 
solving is a construct. An inference that students who master the mathematical reasoning portion 
of an assessment are “good problem-solvers” implies an interpretation of the results of the 
assessment in terms of a construct. To make such an inference, it is important to demonstrate this 
is a reasonable and valid use of the results. 

Messick (1989) describes construct validity as a “unifying force” in that inferences based on 
criterion evidence or content evidence can also be framed by the theory of the underlying construct. 
From this point of view, validating a test is essentially the equivalent of validating a scientific 
theory. As Cronbach and Meehl (1955) first argued, conducting construct validation requires a 
theoretical network of relationships involving the test score. Validation not only requires evidence 
supporting the notion that the test measures the theoretical construct, but it further requires 
evidence be presented that discredits every plausible alternative hypothesis as well. Because 
theories can only be supported or falsified, but never proven, validating a test becomes a never-
ending process. 

Construct-related validity evidence can come from many sources. Standards for Educational and 
Psychological Testing (American Educational Research Association [AERA], American 
Psychological Association [APA], & National Council on Measurement in Education [NCME], 
2014) provides the following list of possible sources: 

• High inter-correlations among assessment items or tasks attest that the items are measuring 
the same trait, such as a content objective, sub-domain, or construct 

• Substantial relationships between the assessment results and other measures of the same 
defined construct 

• Little or no relationship between the assessment results and other measures that are clearly 
not of the defined construct 

• Substantial relationships between different methods of measurement regarding the same 
defined construct 

• Relationships to non-assessment measures of the same defined construct 

One source of validity evidence suggested by Standards (AERA, APA, & NCME, 2014) is based 
on “the fit between the construct and the detailed nature of performance or response actually 
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engaged in by examinees.” This evidence is collected by surveying test takers about their 
performance strategies or responses to particular items. Because items are developed to measure 
particular constructs and intellectual processes, evidence that test takers have engaged in relevant 
performance strategies to correctly answer the items supports the validity of the test scores. 

Kane (2006) states that construct validity is now widely viewed as a general and all-encompassing 
approach to accessing test validity. However, in Kane’s view, there are limitations of the construct 
validity approach, including the need for strong measurement theories and the general lack of 
guidance on how to conduct a validity assessment. 

4.2   VALIDITY  ARGUMENT  EVIDENCE FOR THE  FLORIDA ASSESSMENTS  

Validity refers to the degree to which “evidence and theory support the interpretations of test scores 
entailed by proposed uses of tests” (AERA, APA, & NCME, 2014, p.11). Messick (1989, p.13) 
defines validity as “an integrated evaluative judgment of the degree to which empirical evidence 
and theoretical rationales support the adequacy and appropriateness of inferences and actions 
based on test scores and other modes of assessment.” Both of these definitions emphasize evidence 
and theory to support inferences and interpretations of test scores. Standards (AERA, APA, & 
NCME, 2014) suggests sources of validity evidence that can be used in evaluating a proposed 
interpretation of test scores. When validating test scores, these sources of evidence should be 
carefully considered. 

4.2.1  Test Purpose  

The primary purpose of the FAST and B.E.S.T. program is to measure students’ achievement of 
Florida’s education standards and classify students into the appropriate achievement levels based 
on their test scores. Assessment supports instruction and student learning. Assessment results help 
Florida’s educational leadership and stakeholders determine whether the goals of the education 
system are being met. Assessments help Florida determine whether we have equipped our students 
with the knowledge and skills they need to be ready for careers and college-level coursework. 
Florida’s educational assessments also provide the basis for student, school, and district 
accountability systems. 

Assessment results are used to determine school and district grades, which provide citizens with a 
standard way to determine the quality and progress of Florida’s education system. While 
assessment plays a key role in Florida’s education system, it is important to remember that testing 
is not an end in and of itself, but a means to an end. Florida’s assessment and accountability efforts 
have had a significant positive impact on student achievement over time. Readers can refer to 
Table 1 in Volume 1 of the Benchmarks for Excellent Student Thinking 2022–2023 Technical 
Report to see the specific required uses and citations for FAST and B.E.S.T. 

For the FAST and B.E.S.T. program, an argument-based approach to validity (Kane, 2006) is used 
to ensure that the combined evidence about its assessment system is comprehensive and addresses 
critical features of the assessments that relate to score interpretations and uses. The primary claims 
in FAST and B.E.S.T. are represented in the following statements as they relate logically: 

• Assessment scores provide a snapshot of information that reflects what students know and 
can do in relation to academic expectations. 
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• Students’ ability is consistent with the achievement level they are classified into. 

Therefore, the following occurs: 

• Assessment scores provide information that is helpful for Florida’s educational leadership 
and stakeholders to determine whether the goals of the education system are being met. 

• Assessment scores provide information that is helpful for Florida to determine whether it 
has equipped its students with the knowledge and skills they need to be ready for careers 
and college-level coursework. 

• Assessment scores provide the basis for student, school, and district accountability 
systems. 

Supporting a validity argument requires multiple sources of validity evidence. This then allows for 
one to evaluate if sufficient evidence has been presented to support the intended uses and 
interpretations of the test scores. Thus, determining the validity of a test first requires an explicit 
statement regarding the intended uses of the test scores, and subsequently, evidence that the scores 
can be used to support these inferences. 

The following sections present a summary of the validity argument evidence for the four parts of 
the interpretive argument: scoring, generalization, extrapolation, and implication. Much of this 
evidence is presented in greater detail in other volumes in this report. In fact, most of this report 
can be considered validity evidence for FAST and B.E.S.T. assessments. Volume 1: Annual 
Technical Report provides validity evidence on calibration, equating, scaling, scoring, and quality 
control. Volume 2: Test Development provides validity evidence on test specifications, item 
development, and test construction. Volume 4: Evidence of Reliability and Validity provides 
validity evidence on reliability, content validity, internal structure validity, comparability, and test 
fairness. Volume 5: Test Administration documents evidence on the validity of testing procedures 
(e.g., standardization of test administration and accommodations) as well as test security 
procedures. Volume 6: Score Interpretation Guide provides validity evidence on the guidance 
provided to facilitate appropriate interpretation of test scores. Please note that Volume 3 of this 
year’s Benchmarks for Excellent Student Thinking 2022–2023 Technical Report provides evidence 
on the validity of the process and the results of setting performance standards for Mathematics, 
English Language Arts (ELA), Algebra 1, and Geometry. 

Table 29  provides the comprehensive summary of validity evidence  in terms of  the interpretive  
argument. The subsequent sections  elaborate on this evidence. Relevant volumes or sections  in  
volumes are cited as part  of the validity evidence given in Table 35 and in the  following  sections.  
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Table 29: Comprehensive Summary of Validity Evidence 

Inferences Claims Evidence Location 

Scoring: 
Students are 

scored 
accurately and 

consistently. 

Model Fit. The underlying assumptions of the item response 
theory (IRT) models are met. The assessments are essentially 
unidimensional. 

o Local independence 
o Confirmatory factor analysis 
o Ability estimate correlational analysis 

o Volume 4, Section 4.2.2 

Scoring of Performance Tasks. The inter-rater reliability is 
reasonably high. 

o Validity responses are dealt by ScoreBoard 
throughout the scoring day. 
o The validity pool includes responses for each 
possible score point within each domain and 
will be refreshed as needed to ensure an 
adequate quantity. The Validity Score Point 
Distribution Report is run to ensure that the 
overall score point distribution of the loaded 
validity reflects the item score point 
distribution. 
o  Scoring directors propose and the FDOE 
reviews and approves all possible validity 
responses and monitors reports daily to ensure 
the meaningfulness of the validity statistics. 
o Inter-rater agreement 
o Inter-rater reliability 

o  Section 6.2,  2023  Writing  Spring  
and  Fall  Handscoring  Specifications*  
o Volume  4,  Section 3.5  

Generalization:  
The items  that  
students  were  
administered  

are 
representative  

samples  of  
expected  

performance in  
the  state  

standards.  

Test Content. The State’s assessments measure the 
knowledge and skills specified in the State’s academic 
content standards, including alignment with academic 
content standards. 

o  Content standards, test specifications, and 
test development 
o  Alignment study plan 
o  Detailed blueprints for each content level by 
each grade and subject 

o Volume 2, Test Development 
o Volume 2, 2.1.1, Target Blueprints 
and Volume 4, 4.1.2 
o Volume 4, 4.3.1 
o Volume 4, Appendix E, Alignment 
Study Plan 

Validity  Related  to  Cognitive  Process.  The  State’s 
assessments  tap the  intended cognitive  processes  appropriate  
for  each  grade level  as  represented  in  the State’s  academic  
content  standards.  

o Percentages  of  items  by Depth of  Knowledge  
(DOK)  levels  for  each  grade  and  subject  
o Cognitive lab study plan 

o Volume  2,  2.1.1,  Target B lueprints  
and  Volume  4,  4.1.2  
o Volume  4,  4.3.1  
o  Volume  4,  Appendix F,  Cognitive  
Lab  Study Plan  

Validity  Based  on  Relations  to  Other  Variables.  The  State  
has  documented adequate  validity evidence  that  the  State’s  
assessment  scores are related  as  expected  with  other  
variables.  

o Comparisons  of  reporting  category 
correlations  within and  across  Mathematics  and  
ELA  

o Volume 4, 4.3 
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Inferences Claims Evidence Location 

Test Administration. Implementation of policies and 
procedures for standardized test administration: 
• Clear, thorough, and consistent standardized procedures 
• Training for all individuals responsible for administering 
the State’s assessments 
• Clearly defined technology and other related requirements 
for test administration and contingency plans to address 
possible technology challenges during test administration 

o Test development 
o Test administration 
 o Monitoring  of  test  accommodations  

o Volume 2, Test Development 
o Volume 5, Test Administration 
o Volume 4, Chapter 4, Validity 

Measurement Error. The measurement error is sufficiently 
small given the decisions made with the scores. 

o  Conditional standard error of measurement 
(CSEM) plots 
o  Marginal reliability 

o Volume 4, 3.2 CSEM 
o Volume 4, 3.1 Marginal Reliability 

Different  Student  Populations.  Scores  represent  students  in  
schools  throughout  Florida  including participation  from  
Home  Education  Program  students,  students  with 
disabilities,  English language  learner  (ELL)  students,  McKay 
S cholarship  Program  students,  etc.  

o  Testing  accommodation  
o  Subgroup  reliability  

o Volume  5,  1.2  
o Volume  4,  Appendix A,  Reliability 
Coefficients  

Extrapolation  
(Analytic): 

The  
achievement  
level  denotes  

the 
proficiency  

required  to  be  
on  track  for 

college or 
career 

readiness  
across  all  
stude nts.  

Accommodations. Appropriate accommodations for 
Students with Disabilities (SWD) under the Individuals with 
Disabilities Education Act (IDEA), students covered by 
Section 504, and ELL. 

o  List of available accommodations 
o  Description of accommodated form 
construction 
o   Accommodated form statistics 

o Volume 5, 1.2, Testing 
Accommodations and Appendix B 
o Volume 1, 6.2.2 
o  Volume 1, Appendix C 
o  Volume 2, 4.4 
o Volume 4, Appendix H 

Test  Administration for  Special  Populations.  Appropriate  
assessments,  with  or  without  appropriate  accommodations,  
are  selected  for  students  with  disabilities  under  IDEA,  
students  covered by  Section 504,  and ELL.  

o Description of ELL students and SWD 
o  Description of available testing 
accommodations and practice activities 

o Volume 5, 1.1, Eligible Students 
o Volume 5, 1.2, Testing 
Accommodations 

Fairness  and  Accessibility.  Assessments  are accessible to  
all  students  and fair  across  student  groups  in the  design,  
development,  and  analysis  of  its  assessments.  

o  A  description  of  fairness  and  accessibility,  
based  on  item  statistics  and  content  principles  
of  universal design,  to  minimize  the  impact  of  
construct-irrelevant  factors  in assessing student  
achievement  

o Volume  4,  6.1,  Fairness  in Content  
and  6.2,  Statistical  Fairness  in  Item  
Statistics  
o Volume  4,  5.1,  5.3,  5.4,  5.5  
o  Volume  2,  3.4  

Device Comparability. There are no meaningful differences 
in the scores for students when the tests are administered on 
different devices and platforms. 

o Evidence of the comparability of tests across 
the most frequently used platforms 
o Score comparability across different devices 

o Volume 4, 4.3.2, 5.3, 5.5, 
o Appendix F of the 2017–2018 FSA 
Technical Report: Device 
Comparability (Appendix D of this 
volume) 
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Inferences   Claims Evidence  Location  

Scoring/Scaling.  Standardized scoring procedures  and  
protocols  for  assessments that  are  designed to produce  

      reliable results, facilitate valid score interpretations, and  
        report assessment results in terms of the State’s academic 

  achievement standards. 

o Computation of the score: 
- A  description  of maximum  likelihood  
estimation  
- Scale score transformation  
o  Score  interpretation  guide  

o Volume  1,  Chapter  7,  Scoring and  
Chapter  6,  Scaling  
o Volume  6,  1.1,  Overview  of  
Florida’s  Score  Reports  
o Volume  6,  Chapter  4, Appropriate  
Score Uses  and Chapter  5,  Cautions  
for Score  Use  

Extrapolation:  
 Empirical 

Internal  Structure.  Scoring and  reporting structures  of  
assessments are  consistent  with  the  sub-domain  structures  of  
the  State’s  academic  content  standards  on  which the  intended 
 interpretations  and  uses  of  results  are based.  

o Correlations  among  reporting category  scores  
o Goodness-of-fit  indices  for  the  second-order  
confirmatory factor  analysis  (CFA)  model  
  

o Volume 4, 4.2.2, Evidence Based 
   on Internal Structure  

Convergent and Discriminant Validity. Assessment scores 
      are related closely with scores obtained from measures 

         assessing similar constructs and are related less closely with 
      scores obtained from measures assessing different constructs 

    for all student groups. 

o Correlations between subscores within and 
   across Mathematics, ELA, and end-of-course 

(EOC)  

o Volume 4, 4.3 
 

Implication: 
The evidence 

  supports the 
 proposed use 

  of test scores. 

Interpretation of Performance Standards. The State uses 
     technically sound and well-documented processes to develop 

     scoring interpretations and performance standards. 

o Standard-setting  report  
o Achievement-Level  Descriptors  
o  Classification  accuracy  and  consistency  

o Volume  3  
o Volume  6,  1.3,  Achievement- 
Level  Descriptors  
o Volume  4,  3.3,  Classification  
Accuracy  and  Consistency  

Scoring/Scaling. Standardized scoring procedures and 
     protocols for assessments that are designed to produce 

      reliable results, facilitate valid score interpretations, and  
        report assessment results in terms of the State’s academic 

  achievement standards. 

o Regarding the computation of the score: 
- A  description  of maximum  likelihood  
estimation  
- Scale score transformation  
o Score  interpretation guide  

o Volume  1,  Chapter  7,  Scoring  
o Volume  6,  1.1,  Overview o f 
Florida’s  Score  Report   
o Volume  6,  Chapter  4, Appropriate  
Score  Use  and  Chapter  5,  Cautions  
for Score  Use  
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4.2.2  Evidence Based on Internal Structure  

Determining whether the test measures the intended construct is central to evaluating the validity 
of test score interpretations, and such an evaluation requires a clear definition of the measurement 
construct. FAST and B.E.S.T. assessments represent a structural model of student achievement in 
grade-level and course-specific content areas. Within each subject area (e.g., ELA and 
Mathematics), items are designed to measure a single content strand (e.g., reading prose and 
poetry, reading informational text, and reading across genres and vocabulary). Content strands 
within each subject area are, in turn, indicators of achievement in the subject area. 

The FAST and B.E.S.T. assessments reported test scores as an overall performance measure in 
each subject area. Additionally, scores on the various reporting categories were also provided as 
indices of strand-specific performance. The strand scores were reported in a fashion that aligned 
with the theoretical structure of the test derived from the test blueprint. 

The measurement model and the score reporting method assume a single underlying factor, with 
separate factors representing each of the reporting categories. Consequently, it is important to 
collect validity evidence on the internal structure of the assessment to determine the rationality of 
using these scoring and reporting methods. This section provides evidence that the methods for 
reporting the FAST and B.E.S.T. assessments strand scores align with the underlying structure of 
the test and provide evidence for appropriateness of the selected IRT models. 

Model Fit and Scaling 
IRT models provide a basis for FAST and B.E.S.T. assessments. IRT models are used for the 
selection of items to go on the test, the equating procedures, and the scaling procedures. A failure 
of model fit would undermine the validity of these procedures. Item fit is examined during test 
construction. Any item displaying misfit is scrutinized before a decision is made to place the item 
on the test. Most items on FAST and B.E.S.T. assessments display good model fit. 

The validity of the application of IRT depends greatly on meeting the underlying assumptions of 
the models. One such assumption is local independence, which means that for a given proficiency 
estimate, the (marginal) likelihood is maximized, assuming the probability of correct responses is 
the product of independent probabilities over all items (Chen & Thissen, 1997): 

 
𝐾𝐾 

L(θ) = 𝑓π Pr(𝑒𝑒𝑗𝑗|θ) 𝑓𝑓(θ)dθ 
𝑗𝑗=1 

When local independence is not met, there are issues of multidimensionality that are unaccounted 
for in the modeling of the data (Bejar, 1980). In fact, Lord (1980) noted that “local independence 
follows automatically from unidimensionality” (as cited in Bejar, 1980, p. 5). From a 
dimensionality perspective, there may be nuisance factors that are influencing relationships among 
certain items, after accounting for the intended construct of interest. These nuisance factors can be 
influenced by several testing features, such as speediness, fatigue, item chaining, and item or 
response formats (Yen, 1993). 
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Yen’s Q3  statistic (Yen, 1984) was used to measure local independence, which was derived from 
the correlation between the performances of two items. Simply, the Q3 statistic is the correlation 
among IRT residuals and is computed using the following equations: 

 ^ 𝑑𝑑𝑖𝑖𝑗𝑗 = 𝑢𝑢𝑖𝑖𝑗𝑗 − 𝑇𝑇𝑗𝑗(𝜃𝜃𝑖𝑖) 

where 𝑢𝑢𝑖𝑖𝑗𝑗 is the item score of the ith test taker for item j, 𝑇𝑇𝑗𝑗(𝜃𝜃𝑖𝑖) is the estimated true score for item 
j of examinee i, which is defined as 

 
𝑚𝑚 

𝑇𝑇𝑗𝑗(�̂�𝜃𝑖𝑖) = ∑ 𝑦𝑦𝑗𝑗𝑘𝑘 𝑃𝑃𝑗𝑗𝑘𝑘 ( 𝜃𝜃𝑖𝑖) 
𝑘𝑘=1 

where 𝑦𝑦𝑗𝑗𝑘𝑘 is the weight for response category k, m is the number of response categories, and 
𝑃𝑃𝑗𝑗𝑘𝑘(𝜃𝜃𝑖𝑖) is the probability of response category k to item j by test taker i with the ability estimate 
𝜃𝜃𝑖𝑖. 

The pairwise index of local dependence Q3 between item j and item j’ is 

 𝑄𝑄3𝑗𝑗𝑗𝑗' = 𝑟𝑟(𝑑𝑑𝑗𝑗 , 𝑑𝑑𝑗𝑗'), 

where r refers to the Pearson product-moment correlation. 

When there are n items, n(n – 1)/2, Q3 statistics will be produced. The Q3 values are expected to 
be small. Tables  30–32 present average correlations of item scores between item pairs and 
summaries of the distributions of the Q3  statistics—minimum, 5th percentile, median, 95th 
percentile, and maximum values from each grade and subject. We used the item responses from 
the 2022–2023 FAST and B.E.S.T. assessments. Unlike a fixed-form test that administers the same 
items to all test takers, the 2022–2023 FAST and B.E.S.T. assessments were adaptively conducted 
or administered randomly within the blueprint constraints. To calculate Q3 statistics, each item 
requires a paired set with every other item, so some items with a small sample size were excluded 
from the analysis to provide valid analysis results. We included items with a sample size of at least 
1,500 and a paired item count of 150.  

The results show that at least 90% of the items between the 5th and 95th percentiles for all grades 
and subjects were smaller than a critical value of 0.10 for |𝑄𝑄3| (Chen & Thissen, 1997). The current 
Q3 statistic provides information for detecting local dependencies, but the results should be used 
with caution. Although the Mathematics and EOC assessments administered adaptive tests, the Q3 
statistic provided in this technical report did not take into account the item selection order and 
process applied by adaptive tests. Also, note that the Q3 statistics from the adaptive test condition 
have larger confidence intervals compared to traditional fixed-form tests (Mislevy et al., 2012). 
More careful interpretation is required. 

Table 30: Mathematics Q3  Statistic   

Grade 
Average 

Correlation 

Q3 Distribution 

Minimum 5th 
Percentile Median 95th 

Percentile Maximum 

3 0.372 –0.244 –0.080 –0.023 0.024 0.593 
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Grade 
Average 

Correlation 

Q3 Distribution 

Minimum 5th 
Percentile Median 95th 

Percentile Maximum 

4 0.415 –0.180 –0.077 –0.024 0.026 0.659 

5 0.397 –0.195 –0.075 –0.025 0.025 0.550 

6 0.262 –0.310 –0.090 –0.025 0.044 0.346 

7 0.285 –0.293 –0.106 –0.020 0.057 0.564 

8 0.247 –0.291 –0.095 –0.020 0.056 0.517 

Table 31: ELA Q3  Statistic  

Grade 
Average 

Correlation 

Q3 Distribution Within Passage Q3*  

Minimum 5th 
Percentile Median 95th 

Percentile Maximum Minimum Maximum 

3 0.286 –0.164 –0.061 –0.024 0.008 0.229 –0.103 0.100 

4 0.270 –0.146 –0.054 –0.021 0.011 0.135 –0.083 0.135 

5 0.277 –0.138 –0.059 –0.022 0.010 0.092 –0.075 0.088 

6 0.247 –0.187 –0.060 –0.021 0.012 0.122 –0.066 0.090 

7 0.276 –0.198 –0.061 –0.023 0.008 0.137 –0.094 0.137 

8 0.307 –0.172 –0.063 –0.023 0.011 0.135 –0.073 0.135 

9 0.237 –0.153 –0.057 –0.022 0.005 0.080 –0.059 0.080 

10 0.219 –0.226 –0.063 –0.020 0.018 0.168 –0.083 0.153 

* Within Passage Q3 values are computed for each item pair within a passage 

Table 32: EOC Q3  Statistic   

Course 
Average 

Correlation 

Q3 Distribution 

Minimum 5th 
Percentile Median 95th 

Percentile Maximum 

Algebra 1 0.289 –0.294 –0.078 –0.016 0.050 0.665 

Geometry 0.269 –0.247 –0.071 –0.016 0.048 0.784 

Confirmatory Factor Analysis  

To assess the fit of the structural model to student response data from FAST and B.E.S.T. 
assessments, a series of CFAs were conducted for each grade and subject assessment using the 
statistical program Mplus [version 8] (Muthén & Muthén, 2012). Mplus is commonly used for 
collecting validity evidence on the internal structure of assessments. Weighted least square mean 
and variance adjusted (WLSMV) was employed as the estimation method because it is less 
sensitive to the size of the sample than the generalized estimating equations (GEE) approach 
(Reboussin & Liang, 1998) and is also shown to perform well with categorical variables (Muthén, 
du Toit, & Spisic, 1997). 
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As previously stated, the method of reporting scores used for the FAST and B.E.S.T. assessments 
implies separate factors for each reporting category, connected by a single underlying factor. This 
model is subsequently referred to as the implied model. In factor analytic terms, this suggests that 
test items load onto separate first-order factors, with the first-order factors connected to a single 
underlying second-order factor. The use of the CFA in this section establishes some validity 
evidence for the degree to which the implied model is reasonable. 

If the internal structure of the test was strictly unidimensional, then the overall person ability 
measure, theta (𝜃𝜃), would be the single common factor, and the correlation matrix among test items 
would suggest no discernable pattern among factors. As such, there would be no empirical or 
logical basis to report scores for the separate performance categories. In factor analytic terms, a 
test structure that is strictly unidimensional implies a single-order factor model, in which all test 
items load onto a single underlying factor. The following development expands the first-order 
model to a generalized second-order parameterization to show the relationship between the 
models. 

The factor analysis models are based on the matrix 𝑺𝑺 of tetrachoric and polychoric sample 
correlations among the item scores (Olsson, 1979), and the matrix 𝑾𝑾 of asymptotic covariances 
among these sample correlations (Jöreskog, 1994) is employed as a weight matrix in a weighted 
least squares estimation approach (Browne, 1984; Muthén, 1984) to minimize the fit function: 

 𝐹𝐹𝑊𝑊𝑊𝑊𝑊𝑊 = vech(𝑺𝑺 − �̂�𝚺)′𝑾𝑾−𝟏𝟏vech(𝑺𝑺 − �̂�𝚺) 

In the equation, �̂�𝚺 is the implied correlation matrix, given the estimated factor model, and the 
function vech vectorizes a symmetric matrix. That is, vech stacks each column of the matrix to 
form a vector. Note that the WLSMV approach (Muthén, du Toit, & Spisic, 1997) employs a 
weight matrix of asymptotic variances (i.e., the diagonal of the weight matrix) instead of the full 
asymptotic covariances. 

We posit a first-order factor analysis where all test items load onto a single common factor as the 
base model. The first-order model can be mathematically represented as: 

�̂�𝚺 = 𝚲𝚲𝚲𝚲𝚲𝚲' + 𝚯𝚯, 

where 𝚲𝚲 is the matrix of item factor loadings (with 𝚲𝚲′ representing its transpose), and 𝚯𝚯 is the 
uniqueness or measurement error. The matrix 𝚲𝚲 is the correlation among the separate factors. For 
the base model, items are thought only to load onto a single underlying factor. Hence 𝚲𝚲 is a p x 1  
vector, where p is the number of test items and 𝚲𝚲 is a scalar equal to 1. Therefore, it is possible to 
drop the matrix 𝚲𝚲 from the general notation. However, this notation is retained to more easily 
facilitate comparisons to the implied model, such that it can subsequently be viewed as a special 
case of the second-order factor analysis. 

For the implied model, we posit a second-order factor analysis in which test items are coerced to 
load onto the reporting categories they are designed to target, and all reporting categories share a 
common underlying factor. The second-order factor analysis can be mathematically represented 
as: 

�̂�𝚺 = 𝚲𝚲(𝚪𝚪𝚲𝚲𝚪𝚪' + 𝚿𝚿)𝚲𝚲' + 𝚯𝚯, 
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where Σ̂ is the implied correlation matrix among test items, 𝚲𝚲 is the p x k matrix of first-order 
factor loadings relating item scores to first-order factors, 𝚪𝚪 is the k x 1 matrix of second-order 
factor loadings relating the first-order factors to the second-order factor with k denoting the number 
of factors, 𝚲𝚲 is the correlation matrix of the second-order factors, and 𝚿𝚿 is the matrix of first-order 
factor residuals. All other notation is the same as the first-order model. Note that the second-order 
model expands the first-order model such that 𝚲𝚲 → 𝚪𝚪𝚲𝚲𝚪𝚪' + 𝚿𝚿. As such, the first-order model is 
said to be nested within the second-order model. 

There is a separate factor for each of three categories for ELA and EOC and three to four reporting 
categories for Mathematics (see Tables  64–66 for reporting category information). Therefore, the 
number of rows in 𝚪𝚪  (k) differs between subjects, but the general structure of the factor analysis is 
consistent across subjects. 

The second-order factor model can also be represented graphically, and a sample of the generalized 
approaches is provided on the following page. The general structure of the second-order factor 
model is illustrated in Figure 5. This figure is generally representative of the factor analyses 
performed for all grades and subjects, with the understanding that the number of items within each 
reporting category could vary across grades. 

The purpose of conducting confirmatory factor analysis for the FAST and B.E.S.T. assessments 
was to provide evidence that each individual assessment implied a second-order factor model: a 
single underlying second-order factor with the first-order factors defining each of the reporting 
categories. 

The 2022–2023 FAST and B.E.S.T. assessments were adaptively conducted for Mathematics and 
administered randomly within the blueprint constraints for ELA. In the absence of a common test 
form for all students, we constructed a single representative form for each grade and subject 
comprising highly administered items that met content standard blueprint specifications. Because 
the ELA and Mathematics assessments were administered with different test designs, we selected 
the representative forms of two subject areas differently. For ELA tests with four passages per 
student under content constraints, the set of passages with the largest number of students 
(containing four passages) was selected. The test score distribution of the sample was compared 
to the population to ensure that the sample was adequately representative of the population. For 
Mathematics tests administered adaptively, a list of items was selected that meet the blueprints and 
have sufficient sample size between paired items. This ensured a well-conditioned covariance 
matrix comprising a sample of items representing the full breadth of the content domain specified 
by the blueprint. The numbers of items selected varied across tests: 43–52 items across ELA 
assessments, 35–36 items across Mathematics assessments, and 45 items across B.E.S.T. 
assessments. 
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Figure 5: Second-Order Factor Model 

Several goodness-of-fit statistics from each of the analyses are presented in the following tables. 
Three goodness-of-fit indices were used to evaluate model fit of the item parameters to the manner 
in which students actually responded to the items. The root mean square error of approximation 
(RMSEA) is referred to as a badness-of-fit index so that a value closer to zero implies better fit 
and a value of zero implies best fit. In general, RMSEA below 0.05 is considered as good fit and 
RMSEA above 0.1 suggests poor fit (Browne & Cudeck, 1993). The Tucker-Lewis index (TLI) 
and the comparative fit index (CFI) are incremental goodness-of-fit indices. These indices compare 
the implied model to the baseline model where no observed variables are correlated (i.e., there are 
no factors). Values greater than 0.90 are recognized as acceptable, and values above 0.95 are 
considered as good fit (Hu & Bentler, 1999). As Hu and Bentler (1999) suggest, the selected cut-
off values of the fit index should not be overgeneralized and should be interpreted with caution. 

We began by evaluating the fit of the first-order, general achievement model in which all items 
are indicators of a common subject area factor. This model evaluates the assumption of 
unidimensionality of the subject-area assessments and provides a baseline for evaluating the 
improvement of fit for the more differentiated second order (i.e., strand) model. The goodness-of-
fit statistics for the first-order, general achievement models in ELA and Mathematics are shown in 
Tables  33 and 34. All the statistics indicate that the general achievement factor model fits the data 
well across all subject areas and grades. The CFI and TLI values were all greater than 0.95, except 
for grades 6 and 8 Mathematics, which had slightly lower values of 0.91 and 0.84 for CFI and 0.91 
and 0.83 for TLI. The RMSEA values were at or below 0.02, indicating reasonable fit for the base 
model. The goodness-of-fit statistics for the hypothesized second-order models are also shown in 
Tables  33 and 34. All the statistics indicate that the second-order models posited by FAST and 
B.E.S.T. assessments fit the data well. The CFI and TLI values for the second-order models were 
all equal to or greater than 0.95, except for grades 6 and 8 Mathematics, which had slightly lower 
values of 0.92 and 0.88 for CFI and 0.91 and 0.88 for TLI. The RMSEA values well below the 
0.02 threshold used indicated good fit.  
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In addition to testing the goodness-of-fit of the first and second-order models, we examined the 
degree to which the second-order model improved fit over the more general one-factor model (i.e., 
first-order model) of academic achievement in each subject area. The one-factor, general 
achievement model was nested within the second-order model. A simple likelihood ratio test was 
used to determine whether the added information provided by the structure of the FAST and 
B.E.S.T. assessments’ frameworks improved model fit over a general achievement model. The 
results of the comparison between the second-order model and the more general achievement 
model are presented in Tables 33 and 34. We note that model fit for first-order models of general 
achievement are reasonably high and provide evidence for the unidimensionality of the subject-
area assessments. The purpose of these analyses is to determine whether the posited second-order 
reporting model adds information beyond that provided by the first-order model. The chi-square 
difference test shows that across all subject areas and grade levels, the strand-based, second-order 
model showed significantly better fit than the general achievement first-order model. The χ2 p-
value for the difference test was less than 0.001 across all grade levels and 0.003 for grade 10 
ELA. Results indicating improved model fit for the second-order factor model provide support for 
the interpretation of learning standard performance at the strand level above that provided by the 
overall subject-area score. 

Table 33: Goodness-of-Fit Second-Order CFA (ELA) 

Grade/Course 

Goodness-of-Fit Difference in Fit between 
First- and Second-Order 

Models First-Order Models Second-Order Models 

CFI TLI  RMSEA  CFI TLI  RMSEA  χ2 df  p  value  
Grade 3  0.985  0.984  0.013  0.986  0.985  0.013 54.039  2*  < 0.001  
Grade 4  0.976  0.975  0.015 0.978  0.977  0.015 195.986  2*  < 0.001  
Grade 5  0.985  0.985  0.016 0.986  0.985  0.016 230.295  3  < 0.001  
Grade 6  0.984  0.983  0.016 0.984  0.983  0.016 26.189  2*  < 0.001  
Grade 7  0.986  0.986  0.014 0.987  0.986  0.013 21.920  3  < 0.001  
Grade 8  0.983  0.983  0.015 0.984  0.983  0.015 54.167  2*  < 0.001  
Grade 9  0.987  0.987  0.012 0.988  0.987  0.011 33.398  2*  < 0.001  

Grade 10  0.982  0.981  0.017 0.982  0.981  0.017 12.001  2*  0.003  

*For these tests, the second-order model was run by constraining the residual variance of a certain factor to zero due 
to negative residual variance. 

Table 34: Goodness-of-Fit Second-Order CFA (Mathematics) 

Grade/Course 

Goodness-of-Fit Difference in Fit between 
First- and Second-Order 

Models First-Order Models Second-Order Models 

CFI TLI  RMSEA  CFI TLI  RMSEA  χ2 df  p  value  
Grade 3  0.980  0.979  0.010  0.984  0.982  0.009  1873.19  3*  < 0.001  
Grade 4  0.986  0.985  0.009  0.987  0.986  0.009  359.97  3  < 0.001  
Grade 5  0.991  0.990  0.008  0.991  0.990  0.008  95.66  4  < 0.001  
Grade 6  0.910  0.905  0.017  0.915  0.910  0.016  1920.08  2*  < 0.001  
Grade 7  0.965  0.963  0.008  0.975  0.974  0.007  1505.77  4  < 0.001  
Grade 8  0.840  0.831  0.012  0.883  0.875  0.011  2637.46  4  < 0.001  
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Grade/Course 

Goodness-of-Fit Difference in Fit between 
First- and Second-Order 

Models First-Order Models Second-Order Models 

CFI TLI  RMSEA  CFI TLI  RMSEA  χ2 df  p  value  
Algebra 1  0.965  0.964  0.014  0.966  0.964  0.014  980.27  3  < 0.001  
Geometry  0.949  0.947  0.015  0.950  0.948  0.015  639.93  2*  < 0.001  

*For these tests, the second-order model was run by constraining the residual variance of a certain factor to zero due 
to negative residual variance. 

The second-order factor model converged for all tests. However, the residual variance for some 
factors fell slightly below the boundary of zero for grades 3, 4, 6, 8, 9 and 10 ELA, grades 3 and 
6 Mathematics, and Geometry when using the Mplus software package. This negative residual 
variance may be related to the computational implementation of the optimization approach in 
Mplus, it may be a flag related to model misspecification, or it may be related to other causes (van 
Driel, 1978; Chen, Bollen, Paxton, Curran, & Kirby, 2001). The residual variance was constrained 
to zero for these tests. This is equivalent to treating the parameter as fixed, which does not 
necessarily conform to our a priori hypothesis. 

Items of FAST and B.E.S.T. assessments are operationally calibrated by IRTPRO software; 
however, factor analyses presented here were conducted with Mplus software. There are some 
noted differences between these software packages in terms of their model parameter estimation 
algorithms and item-specific measurement models. First, IRTPRO employs full information 
maximum likelihood and chooses model parameter estimates so that the likelihood of data can be 
maximized, whereas Mplus uses WLSMV based on limited information maximum likelihood and 
chooses model parameter estimates so that the likelihood of the observed covariations among items 
can be maximized. Secondly, IRTPRO allows one to model pseudo-guessing via the three-
parameter logistic (3PL) model, whereas Mplus does not include the same flexibility. However, 
CFA results presented here still indicated good fit indices, even though pseudo-guessing was 
constrained to zero or not taken into account. 

In Tables  35–37, we provide the estimated correlations between the reporting categories from the 
second-order factor model for Mathematics, ELA, and EOC, respectively. In all cases, these 
correlations are very high. However, the results provide empirical evidence that there is some 
detectable dimensionality among reporting categories. 

Table 35: Correlations among Mathematics Factors 

Grade Reporting Category Cat1 Cat2 Cat3 Cat4 

3 

Number Sense and Additive 
Reasoning (Cat1) 1.00 

Number Sense and 
Multiplicative Reasoning (Cat2) 0.93 1.00 

Fractional Reasoning (Cat3) 0.88 0.88 1.00 

Geometric Reasoning, 
Measurement, Data Analysis, 

and Probability (Cat4) 
0.97 0.96 0.91 1.00 
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Grade Reporting Category Cat1 Cat2 Cat3 Cat4 

4 

Number Sense and Operations 
with Whole Numbers (Cat1) 1.00 

Number Sense and Operations 
with Fractions and Decimals 

(Cat2) 
0.94 1.00 

Geometric Reasoning, 
Measurement, Data Analysis, 

and Probability (Cat3) 
0.97 0.93 1.00 

5 

Number Sense and Operations 
with Whole Numbers (Cat1) 1.00 

Number Sense and Operations 
with Fractions and Decimals 

(Cat2) 
0.98 1.00 

Algebraic Reasoning (Cat3) 0.95 0.97 1.00 

Geometric Reasoning, 
Measurement, Data Analysis, 

and Probability (Cat4) 
0.95 0.97 0.95 1.00 

6 

Number Sense and Operations 
(Cat1) 1.00 

Algebraic Reasoning (Cat2) 0.97 1.00 

Geometric Reasoning, Data 
Analysis, and Probability (Cat3) 0.89 0.86 1.00 

7 

Number Sense and Operations 
and Algebraic Reasoning 

(Cat1) 
1.00 

Proportional Reasoning and 
Relationships (Cat2) 0.95 1.00 

Geometric Reasoning (Cat3) 0.94 0.92 1.00 

Data Analysis and Probability 
(Cat4) 0.90 0.88 0.87 1.00 

8 

Number Sense and Operations 
and Probability (Cat1) 1.00 

Algebraic Reasoning (Cat2) 0.65 1.00 

Linear Relationships, Data 
Analysis, and Function (Cat3) 0.75 0.58 1.00 

Geometric Reasoning (Cat4) 0.89 0.70 0.79 1.00 

Table 36: Correlations among ELA Factors 

Grade Reporting Category Cat1 Cat2 Cat3 

3 

Reading Prose and Poetry (Cat1) 1.00 

Reading Informational Text (Cat2) 0.94 1.00 

Reading across Genres and 
Vocabulary (Cat3) 0.96 0.98 1.00 

4 Reading Prose and Poetry (Cat1) 1.00 0.91 
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Grade Reporting Category Cat1 Cat2 Cat3 

Reading Informational Text (Cat2) 0.91 1.00 

Reading across Genres and 
Vocabulary (Cat3) 0.95 0.95 1.00 

5 

Reading Prose and Poetry (Cat1) 1.00 

Reading Informational Text (Cat2) 0.95 1.00 

Reading across Genres and 
Vocabulary (Cat3) 0.96 0.99 1.00 

6 

Reading Prose and Poetry (Cat1) 1.00 

Reading Informational Text (Cat2) 0.97 1.00 

Reading across Genres and 
Vocabulary (Cat3) 0.99 0.99 1.00 

7 

Reading Prose and Poetry (Cat1) 1.00 

Reading Informational Text (Cat2) 0.95 1.00 

Reading across Genres and 
Vocabulary (Cat3) 0.98 0.96 1.00 

8 

Reading Prose and Poetry (Cat1) 1.00 

Reading Informational Text (Cat2) 0.95 1.00 

Reading across Genres and 
Vocabulary (Cat3) 0.99 0.96 1.00 

9 

Reading Prose and Poetry (Cat1) 1.00 

Reading Informational Text (Cat2) 0.97 1.00 

Reading across Genres and 
Vocabulary (Cat3) 1.00 0.97 1.00 

10 

Reading Prose and Poetry (Cat1) 1.00 

Reading Informational Text (Cat2) 0.98 1.00 

Reading across Genres and 
Vocabulary (Cat3) 1.00 0.98 1.00 

Table 37: Correlations among EOC Factors 

Course/Form Reporting Category Cat1 Cat2 Cat3 

Algebra 1 

Expressions, Functions, and Data 
Analysis (Cat1) 1.00 

Linear Relationships (Cat2) 0.95 1.00 

Non-Linear Relationships (Cat3) 0.94 0.96 1.00 

Geometry 

Logic, Relationships, and 
Theorems (Cat1) 1.00 

Congruence, Similarity, and 
Constructions (Cat2) 0.97 1.00 

Measurement and Coordinate 
Geometry (Cat3) 0.98 0.99 1.00 
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Measurement Invariance across Subgroups  

This technical report provides the differential item functional analysis across demographic 
subgroups to identify potential bias at an item level (see Volume 1, Section 5.2 Differential Item 
Functioning Analyses). Furthermore, we conducted measurement invariance analysis in a more 
comprehensive way at the test level to ensure that the tests measure the same constructs across 
subgroups. Measurement invariance occurs when the likelihood of responding correctly conforms 
to the measurement model and is independent of group membership, and the parameters of a 
measurement model are statistically equivalent across groups. In general, measurement invariance 
testing can be conducted using a series of multiple-group CFA models, which impose identical 
parameters across groups. That is, the models that investigate the invariance of factor pattern 
(configural invariance), factor loadings (metric or weak invariance), latent intercepts/threshold 
(scalar or strong invariance), and unique or residual factor variances (strict invariance) are tested 
across groups in that sequential order. When factor loadings and intercepts/thresholds are invariant 
across groups, scores on latent variables can be validly compared across the groups, and the latent 
variables can be used in structural models that hypothesize relationships among latent variables. 

The full set of tables associated with these analyses is provided in Appendix G, Measurement 
Invariance Testing for each of the subject-area and grade assessments. The series A tables in 
Appendix G present the global model fit indices for the measurement invariance tests for each 
assessment. Following the sequence of tests of measurement invariance (Millsap & Cham, 2012), 
we tested configural, metric, and scalar invariance models using the χ2 difference test and the 
examination of significant differences of the RMSEA (RMSEA, change in RMSEA ≤  0.015; 
Chen, 2007) between the two nested invariance models. Measurement invariance was investigated 
across the following subgroups: gender (Model A), ethnicity (African American versus White and 
Hispanic versus White in Model B), Disability (Model C), and ELL status (Model D). Invariance 
tests of subgroups were investigated separately for each grade and subject-area test. There were 
several assessments that had subgroups for which the measurement invariance analysis did not 
converge, and this was mostly due to small sample sizes or sparse data. 

The null hypothesis of the χ2 difference test is that the more restricted invariance model (e.g., 
metric) fits the data equally as well as the less restricted invariance model (e.g., configural). Given 
the sensitivity of the χ2 difference tests to sample size, we additionally examined significant 
differences on this test with an examination of the RMSEA. A small change in the RMSEA 
between the more restricted and less restricted invariance models supports retention of the more 
restricted invariance model (Chen, 2007). For all subject and grade assessments, the RMSEA 
change ranges were very small, with a maximum change of 0.002 in ELA and 0.004 in 
Mathematics and EOC. 

In addition to evaluating the differences in model fit between less restricted and more restricted 
invariance models shown in series A, we further constructed a model fit analysis of a scalar 
invariance model. The scalar invariance model is the most restricted model that we constructed for 
evaluating the measurement invariance, so demonstrating a good model fit for the scalar invariance 
model is not limited to measurement invariance of the scalar model and confirms measurement 
invariance for less restricted invariance models. The series B tables in Appendix G show the model 
fit indices of scalar invariance models assuming the same factor pattern plus identical factor 
loadings plus identical latent intercept/threshold across subgroups. Global model fit indices 
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included the CFI (Bentler, 1990) and RMSEA. CFI values ≥ 0.90 and RMSEA values ≤ 0.08 
were used to evaluate acceptable model fit. The model fit indices of the scalar invariance models 
for all tests suggested an acceptable fit to the data. For ELA, CFI values ranged from 0.97–0.99, 
and RMSEA values ranged from 0.009–0.017. For Mathematics and EOC, CFI values ranged from 
0.90–0.98, except for grade 8, and RMSEA values ranged from 0.007–0.017 for all grades. CFI 
values for grade 8 Mathematics ranged from 0.81–0.83 across models, indicating unacceptable fit, 
although RMSEA values ranged from 0.012–0.013, indicating acceptable model fit. 

Although the χ2 difference test should ideally be nonsignificant, all χ2 difference tests were 
significant or marginally significant at α  =  0.05 due to large sample sizes. Nevertheless, we found 
that changes of the RMSEA between the two nested invariance models were very small (ranging 
from 0–0.002 for ELA, and from 0–0.004 for Mathematics). Based on the similar magnitudes of 
the RMSEA (i.e., no material changed across all tested models; Cheung & Rensvold, 2002) and 
the acceptable fit indices of the scalar invariance model to the data, FAST and B.E.S.T. test scores 
have the same measurement structure across gender, ethnicity (classified as White, African 
American, or Hispanic), disability, and ELL status for each test. 

4.2.3   Correlations among Reporting Category Scores   

In this section, we explore the internal structure of the FAST and B.E.S.T. assessments using the 
scores provided at the reporting category level. It may not be reasonable to expect that the reporting 
category scores are completely orthogonal—this would suggest that there are no relationships 
among reporting category scores and would make justification of a unidimensional IRT model 
difficult, though reporting these separate scores could then easily be justified. On the contrary, if 
the reporting categories were perfectly correlated, a unidimensional model could be justified, but 
the reporting of separate scores could not. 

One pathway to explore the internal structure of the test using subscale scores is to explore 
observed correlations between the subscores. Theta scores for each reporting category were used 
for this analysis. Again, the items in each reporting category were administered within the 
constraints of the blueprint, and the scores for each reporting category were based on the same 
scoring scale. As each reporting category is measured with a small number of items, the standard 
errors of the observed scores within each reporting category are typically larger than the standard 
error of the total test score. Disattenuating for measurement error could offer some insight into the 
theoretical true score correlations. Both observed correlations and disattenuated correlations are 
provided in the following section. 

The observed correlations among reporting category scores are presented in Tables  38–40. In ELA, 
the observed correlations among the reporting categories range from 0.62–0.72. For Mathematics, 
the observed correlations were between 0.4–0.75. For EOC, they were between 0.70–0.78. 
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Table 38: Observed Correlation Matrix among Reporting Categories (Mathematics) 

Grade Reporting Category Number 
of Items Cat1 Cat2 Cat3 Cat4 Cat5 

3 

Number Sense and Additive 
Reasoning (Cat1) 39 1.00 

Number Sense and 
Multiplicative Reasoning (Cat2) 37 0.70 1.00 

Fractional Reasoning (Cat3) 20 0.68 0.66 1.00 

Geometric Reasoning, 
Measurement, Data Analysis, 

and Probability (Cat4) 
45 0.73 0.69 0.66 1.00 

4 

Number Sense and Operations 
with Whole Numbers (Cat1) 45 1.00 

Number Sense and Operations 
with Fractions and Decimals 

(Cat2) 
43 0.73 1.00 

Geometric Reasoning, 
Measurement, Data Analysis, 

and Probability (Cat3) 
44 0.75 0.74 1.00 

5 

Number Sense and Operations 
with Whole Numbers (Cat1) 24 1.00 

Number Sense and Operations 
with Fractions and Decimals 

(Cat2) 
34 0.68 1.00 

Algebraic Reasoning (Cat3) 23 0.64 0.66 1.00 

Geometric Reasoning, 
Measurement, Data Analysis, 

and Probability (Cat4) 
44 0.71 0.73 0.69 1.00 

6 

Number Sense and Operations 
(Cat1) 77 1.00 

Algebraic Reasoning (Cat2) 55 0.74 1.00 

Geometric Reasoning, Data 
Analysis, and Probability (Cat3) 50 0.65 0.63 1.00 

7 

Number Sense and Operations 
and Algebraic Reasoning 

(Cat1) 
57 1.00 

Proportional Reasoning and 
Relationships (Cat2) 49 0.47 1.00 

Geometric Reasoning (Cat3) 51 0.47 0.46 1.00 

Data Analysis and Probability 
(Cat4) 57 0.46 0.51 0.46 1.00 

8 

Number Sense and Operations 
and Probability (Cat1) 51 1.00 

Algebraic Reasoning (Cat2) 41 0.44 1.00 

Linear Relationships, Data 
Analysis, and Function (Cat3) 64 0.47 0.46 1.00 

Geometric Reasoning (Cat4) 56 0.42 0.40 0.46 1.00 
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Table 39: Observed Correlation Matrix among Reporting Categories (ELA Reading) 

Grade Reporting Category Number 
of Items Cat1 Cat2 Cat3 Cat4 Cat5 

3 

Reading Prose and Poetry 
(Cat1) 43 1.00 

Reading Informational Text 
(Cat2) 44 0.62 1.00 

Reading across Genres and 
Vocabulary (Cat3) 71 0.67 0.66 1.00 

4 

Reading Prose and Poetry 
(Cat1) 28 1.00 

Reading Informational Text 
(Cat2) 42 0.64 1.00 

Reading across Genres and 
Vocabulary (Cat3) 63 0.69 0.70 1.00 

5 

Reading Prose and Poetry 
(Cat1) 40 1.00 

Reading Informational Text 
(Cat2) 43 0.66 1.00 

Reading across Genres and 
Vocabulary (Cat3) 68 0.71 0.72 1.00 

6 

Reading Prose and Poetry 
(Cat1) 40 1.00 

Reading Informational Text 
(Cat2) 34 0.64 1.00 

Reading across Genres and 
Vocabulary (Cat3) 65 0.71 0.68 1.00 

7 

Reading Prose and Poetry 
(Cat1) 45 1.00 

Reading Informational Text 
(Cat2) 40 0.64 1.00 

Reading across Genres and 
Vocabulary (Cat3) 87 0.70 0.68 1.00 

8 

Reading Prose and Poetry 
(Cat1) 44 1.00 

Reading Informational Text 
(Cat2) 43 0.63 1.00 

Reading across Genres and 
Vocabulary (Cat3) 80 0.69 0.69 1.00 

9 

Reading Prose and Poetry 
(Cat1) 36 1.00 

Reading Informational Text 
(Cat2) 59 0.62 1.00 

Reading across Genres and 
Vocabulary (Cat3) 70 0.67 0.67 1.00 

10 Reading Prose and Poetry 
(Cat1) 42 1.00 
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Grade Reporting Category Number 
of Items Cat1 Cat2 Cat3 Cat4 Cat5 

Reading Informational Text 
(Cat2) 67 0.60 1.00 

Reading across Genres and 
Vocabulary (Cat3) 94 0.69 0.67 1.00 

Table 40: Observed Correlation Matrix among Reporting Categories (EOC) 

Course/Form Reporting Category Number of 
Items Cat1 Cat2 Cat3 Cat4 

Algebra 1 

Expressions, Functions, and Data 
Analysis (Cat1) 79 1.00 

Linear Relationships (Cat2) 75 0.77 1.00 

Non-Linear Relationships (Cat3) 80 0.72 0.70 1.00 

Geometry 

Logic, Relationships, and 
Theorems (Cat1) 65 1.00 

Congruence, Similarity, and 
Constructions (Cat2) 60 0.78 1.00 

Measurement and Coordinate 
Geometry (Cat3) 73 0.77 0.77 1.00 

The disattenuated correlations were between 0.90–1.00 for ELA, 0.64–1.00 for Mathematics, and 
0.99–1.00 for EOC, as presented in Tables  41–43. The same tables are available for accommodated 
forms in Appendix H. As previously noted, the correlations were subject to a large amount of 
measurement error at the strand level, given the limited number of items from which the scores 
were derived. Consequently, over-interpretation of these correlations, as either high or low, should 
be made cautiously. Per convention, all disattenuated correlations above 1.0 were capped at 1.0. 

Table 41: Disattenuated Correlation Matrix among Reporting Categories (Mathematics) 

Grade Reporting Category Number 
of Items Cat1 Cat2 Cat3 Cat4 Cat5 

3 

Number Sense and Additive 
Reasoning (Cat1) 39 1.00 

Number Sense and 
Multiplicative Reasoning (Cat2) 37 0.99 1.00 

Fractional Reasoning (Cat3) 20 0.97 0.94 1.00 

Geometric Reasoning, 
Measurement, Data Analysis, 

and Probability (Cat4) 
45 1.00 1.00 0.97 1.00 

4 

Number Sense and Operations 
with Whole Numbers (Cat1) 45 1.00 

Number Sense and Operations 
with Fractions and Decimals 

(Cat2) 
43 1.00 1.00 
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Grade Reporting Category Number 
of Items Cat1 Cat2 Cat3 Cat4 Cat5 

Geometric Reasoning, 
Measurement, Data Analysis, 

and Probability (Cat3) 
44 1.00 1.00 1.00 

5 

Number Sense and Operations 
with Whole Numbers (Cat1) 24 1.00 

Number Sense and Operations 
with Fractions and Decimals 

(Cat2) 
34 0.98 1.00 

Algebraic Reasoning (Cat3) 23 0.94 0.98 1.00 

Geometric Reasoning, 
Measurement, Data Analysis, 

and Probability (Cat4) 
44 0.98 1.00 0.99 1.00 

6 

Number Sense and Operations 
(Cat1) 77 1.00 

Algebraic Reasoning (Cat2) 55 1.00 1.00 

Geometric Reasoning, Data 
Analysis, and Probability (Cat3) 50 0.93 0.92 1.00 

7 

Number Sense and Operations 
and Algebraic Reasoning 

(Cat1) 
57 1.00 

Proportional Reasoning and 
Relationships (Cat2) 49 0.71 1.00 

Geometric Reasoning (Cat3) 51 0.70 0.73 1.00 

Data Analysis and Probability 
(Cat4) 57 0.70 0.83 0.72 1.00 

8 

Number Sense and Operations 
and Probability (Cat1) 51 1.00 

Algebraic Reasoning (Cat2) 41 0.64 1.00 

Linear Relationships, Data 
Analysis, and Function (Cat3) 64 0.74 0.77 1.00 

Geometric Reasoning (Cat4) 56 0.66 0.68 0.84 1.00 

Table 42: Disattenuated Correlation Matrix among Reporting Categories (ELA Reading) 

Grade Reporting Category Number 
of Items Cat1 Cat2 Cat3 Cat4 Cat5 

3 

Reading Prose and Poetry 
(Cat1) 43 1.00 

Reading Informational Text 
(Cat2) 44 0.92 1.00 

Reading across Genres and 
Vocabulary (Cat3) 71 0.97 0.96 1.00 

4 

Reading Prose and Poetry 
(Cat1) 28 1.00 

Reading Informational Text 
(Cat2) 42 0.94 1.00 
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Grade Reporting Category Number 
of Items Cat1 Cat2 Cat3 Cat4 Cat5 

Reading across Genres and 
Vocabulary (Cat3) 63 0.98 1.00 1.00 

5 

Reading Prose and Poetry 
(Cat1) 40 1.00 

Reading Informational Text 
(Cat2) 43 1.00 1.00 

Reading across Genres and 
Vocabulary (Cat3) 68 1.00 1.00 1.00 

6 

Reading Prose and Poetry 
(Cat1) 40 1.00 

Reading Informational Text 
(Cat2) 34 0.97 1.00 

Reading across Genres and 
Vocabulary (Cat3) 65 1.00 0.98 1.00 

7 

Reading Prose and Poetry 
(Cat1) 45 1.00 

Reading Informational Text 
(Cat2) 40 0.94 1.00 

Reading across Genres and 
Vocabulary (Cat3) 87 1.00 0.97 1.00 

8 

Reading Prose and Poetry 
(Cat1) 44 1.00 

Reading Informational Text 
(Cat2) 43 0.95 1.00 

Reading across Genres and 
Vocabulary (Cat3) 80 1.00 0.99 1.00 

9 

Reading Prose and Poetry 
(Cat1) 36 1.00 

Reading Informational Text 
(Cat2) 59 0.95 1.00 

Reading across Genres and 
Vocabulary (Cat3) 70 1.00 0.99 1.00 

10 

Reading Prose and Poetry 
(Cat1) 42 1.00 

Reading Informational Text 
(Cat2) 67 0.93 1.00 

Reading across Genres and 
Vocabulary (Cat3) 94 1.00 0.98 1.00 

Table 43: Disattenuated Correlation Matrix among Reporting Categories (EOC) 

Course/Form Reporting Category Number of 
Items Cat1 Cat2 Cat3 Cat4 

Algebra 1 
Expressions, Functions, and Data 

Analysis (Cat1) 79 1.00 

Linear Relationships (Cat2) 75 1.00 1.00 
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Course/Form Reporting Category Number of 
Items Cat1 Cat2 Cat3 Cat4 

Non-Linear Relationships (Cat3) 80 0.99 0.99 1.00 

Geometry 

Logic, Relationships, and 
Theorems (Cat1) 65 1.00 

Congruence, Similarity, and 
Constructions (Cat2) 60 1.00 1.00 

Measurement and Coordinate 
Geometry (Cat3) 73 1.00 1.00 1.00 

4.3   CONVERGENT AND DISCRIMINANT  VALIDITY   

According to Standard 1.16 of Standards for Educational and Psychological Testing (AERA, 
APA, & NCME, 2014), evidence must be provided of convergent and discriminant validity, a part 
of validity evidence demonstrating that assessment scores are related as expected with criterion 
and other variables for all student groups. Convergent evidence supports the relationship between 
measures assessing the same construct, while discriminant evidence distinguishes the test from 
other measures assessing different constructs. However, a second, independent test measuring the 
same constructs as Mathematics and ELA in Florida during the same time period, which could 
easily permit for a cross-test set of correlations, was not available. Therefore, as an alternative, the 
correlations between subscores within and across Mathematics and ELA were examined. The a 
priori expectation is that subscores within the same subject (e.g., Mathematics) will correlate more 
positively than subscore correlations across subjects (e.g., Mathematics and ELA). These 
correlations are based on a small number of items; consequently, the observed score correlations 
will be smaller in magnitude as a result of the very large measurement error at the subscore level. 
For this reason, both the observed correlations and the disattenuated correlations are provided. 
Observed and disattenuated subscore correlations were calculated both within and across subjects 
for grades 3–8 Mathematics and ELA Reading. Generally, the pattern is consistent with the a priori 
expectation that subscores within a test correlate more highly than correlations between tests 
measuring a different construct. Per convention, all disattenuated correlations above 1.0 were 
capped at 1.0. 

The correlations among reporting category scores, both observed and corrected for attenuation, are 
presented in Tables  44–59. The same analysis could not be repeated for accommodated forms due 
to the small number of students who take the forms, resulting in an even smaller overlap between 
those who take both the Mathematics and ELA forms. 
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Table 44: Grade 3 Observed Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep
1 

Rep
2 

Rep
3 

Rep
4 

Rep
1 

Rep
2 

Rep
3 

Math 

Number Sense and Additive 
Reasoning (Cat1) 1.00 0.70 0.68 0.73 0.55 0.55 0.60 

Number Sense and Multiplicative 
Reasoning (Cat2) 1.00 0.66 0.69 0.51 0.50 0.54 

Fractional Reasoning (Cat3) 1.00 0.66 0.50 0.50 0.55 
Geometric Reasoning, Measurement, 
Data Analysis, and Probability (Cat4) 1.00 0.54 0.54 0.59 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.62 0.67 

Reading Informational Text (Cat2) 1.00 0.66 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 45: Grade 3 Disattenuated Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep
1 

Rep
2 

Rep
3 

Rep
4 

Rep
1 

Rep
2 

Rep
3 

Math 

Number Sense and Additive 
Reasoning (Cat1) 1.00 0.99 0.97 1.00 0.79 0.79 0.84 

Number Sense and Multiplicative 
Reasoning (Cat2) 1.00 0.94 1.00 0.73 0.73 0.76 

Fractional Reasoning (Cat3) 1.00 0.97 0.74 0.73 0.78 
Geometric Reasoning, Measurement, 
Data Analysis, and Probability (Cat4) 1.00 0.80 0.81 0.85 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.92 0.97 

Reading Informational Text (Cat2) 1.00 0.96 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 46: Grade 4 Observed Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 3 

Math 

Number Sense and Operations with 
Whole Numbers (Cat1) 1.00 0.73 0.75 0.53 0.55 0.59 

Number Sense and Operations with 
Fractions and Decimals (Cat2) 1.00 0.74 0.51 0.54 0.58 

Geometric Reasoning, Measurement, 
Data Analysis, and Probability (Cat3) 1.00 0.55 0.57 0.62 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.64 0.69 

Reading Informational Text (Cat2) 1.00 0.70 

Reading across Genres and 
Vocabulary (Cat3) 1.00 
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Table 47: Grade 4 Disattenuated Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 3 

Math 

Number Sense and Operations with 
Whole Numbers (Cat1) 1.00 1.00 1.00 0.76 0.80 0.83 

Number Sense and Operations with 
Fractions and Decimals (Cat2) 1.00 1.00 0.73 0.78 0.80 

Geometric Reasoning, Measurement, 
Data Analysis, and Probability (Cat3) 1.00 0.76 0.81 0.83 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.94 0.97 

Reading Informational Text (Cat2) 1.00 1.00 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 48: Grade 5 Observed Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep 1 Rep 2 Rep 3 Rep 4 Rep 1 Rep 2 Rep 3 

Math 

Number Sense and Operations with 
Whole Numbers (Cat1) 1.00 0.68 0.64 0.71 0.50 0.53 0.56 

Number Sense and Operations with 
Fractions and Decimals (Cat2) 1.00 0.66 0.73 0.51 0.53 0.56 

Algebraic Reasoning (Cat3) 1.00 0.69 0.52 0.55 0.57 

Geometric Reasoning, Measurement, 
Data Analysis, and Probability (Cat4) 1.00 0.55 0.58 0.61 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.66 0.71 

Reading Informational Text (Cat2) 1.00 0.72 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 49: Grade 5 Disattenuated Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep 1 Rep 2 Rep 3 Rep 4 Rep 1 Rep 2 Rep 3 

Math 

Number Sense and Operations with 
Whole Numbers (Cat1) 1.00 0.98 0.94 0.98 0.74 0.77 0.77 

Number Sense and Operations with 
Fractions and Decimals (Cat2) 1.00 0.98 1.00 0.76 0.79 0.79 

Algebraic Reasoning (Cat3) 1.00 0.99 0.79 0.83 0.82 

Geometric Reasoning, Measurement, 
Data Analysis, and Probability (Cat4) 1.00 0.80 0.83 0.83 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 1.00 1.00 

Reading Informational Text (Cat2) 1.00 1.00 

Reading across Genres and 
Vocabulary (Cat3) 1.00 
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Table 50: Grade 6 Observed Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 3 

Math 

Number Sense and Operations (Cat1) 1.00 0.74 0.65 0.56 0.55 0.61 
Algebraic Reasoning (Cat2) 1.00 0.63 0.54 0.53 0.58 

Geometric Reasoning, Data Analysis, 
and Probability (Cat3) 1.00 0.50 0.50 0.54 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.63 0.71 

Reading Informational Text (Cat2) 1.00 0.67 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 51: Grade 6 Disattenuated Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 3 

Math 

Number Sense and Operations (Cat1) 1.00 1.00 0.93 0.79 0.79 0.81 
Algebraic Reasoning (Cat2) 1.00 0.92 0.78 0.78 0.80 

Geometric Reasoning, Data Analysis, 
and Probability (Cat3) 1.00 0.77 0.77 0.79 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.96 1.00 

Reading Informational Text (Cat2) 1.00 0.97 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 52: Grade 7 Observed Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep
1 

Rep
2 

Rep
3 

Rep
4 

Rep
1 

Rep
2 

Rep
3 

Math 

Number Sense and Operations and 
Algebraic Reasoning (Cat1) 1.00 0.47 0.47 0.46 0.40 0.39 0.43 

Proportional Reasoning and Relationships 
(Cat2) 1.00 0.46 0.51 0.39 0.40 0.43 

Geometric Reasoning (Cat3) 1.00 0.46 0.39 0.39 0.41 

Data Analysis and Probability (Cat4) 1.00 0.44 0.44 0.48 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.59 0.66 

Reading Informational Text (Cat2) 1.00 0.62 

Reading across Genres and 
Vocabulary (Cat3) 1.00 
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Table 53: Grade 7 Disattenuated Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep
1 

Rep
2 

Rep
3 

Rep
4 

Rep
1 

Rep
2 

Rep
3 

Math 

Number Sense and Operations and 
Algebraic Reasoning (Cat1) 1.00 0.71 0.69 0.69 0.57 0.56 0.60 

Proportional Reasoning and Relationships 
(Cat2) 1.00 0.73 0.83 0.61 0.61 0.65 

Geometric Reasoning (Cat3) 1.00 0.72 0.58 0.58 0.61 

Data Analysis and Probability (Cat4) 1.00 0.68 0.68 0.73 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.87 0.95 

Reading Informational Text (Cat2) 1.00 0.89 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 54: Grade 8 Observed Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep
1 

Rep
2 

Rep
3 

Rep
4 

Rep
1 

Rep
2 

Rep
3 

Math 

Number Sense and Operations and 
Probability (Cat1) 1.00 0.43 0.47 0.42 0.32 0.32 0.37 

Algebraic Reasoning (Cat2) 1.00 0.46 0.40 0.29 0.28 0.33 

Linear Relationships, Data Analysis, 
and Functions (Cat3) 1.00 0.46 0.38 0.38 0.44 

Geometric Reasoning (Cat4) 1.00 0.31 0.30 0.36 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.52 0.61 

Reading Informational Text (Cat2) 1.00 0.59 

Reading across Genres and 
Vocabulary (Cat3) 1.00 
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Table 55: Grade 8 Disattenuated Score Correlations 

Subject Reporting Category 
Mathematics ELA Reading 

Rep 1 Rep 2 Rep 3 Rep 4 Rep 1 Rep 2 Rep 3 

Math 

Number Sense and Operations and 
Probability (Cat1) 1.00 0.64 0.74 0.66 0.46 0.47 0.51 

Algebraic Reasoning (Cat2) 1.00 0.77 0.68 0.44 0.43 0.48 

Linear Relationships, Data Analysis, 
and Functions (Cat3) 1.00 0.84 0.62 0.62 0.69 

Geometric Reasoning (Cat4) 1.00 0.51 0.51 0.57 

ELA Reading 

Reading Prose and Poetry (Cat1) 1.00 0.79 0.89 

Reading Informational Text (Cat2) 1.00 0.85 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 56: Grade 9 Observed Score Correlations 

Subject Reporting Category 
Algebra 1 ELA Reading 

Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 3 

Algebra 1 

Expressions, Functions, and 
Data Analysis (Cat1) 1.00 0.66 0.60 0.44 0.45 0.49 

Linear Relationships (Cat2) 1.00 0.56 0.40 0.41 0.45 
Non-Linear Relationships (Cat3) 1.00 0.34 0.34 0.37 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.53 0.60 

Reading Informational Text (Cat2) 1.00 0.59 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 57: Grade 9 Disattenuated Score Correlations 

Subject Reporting Category 
Algebra 1 ELA Reading 

Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 3 

Algebra 1 

Expressions, Functions, and 
Data Analysis (Cat1) 1.00 0.89 0.82 0.63 0.64 0.68 

Linear Relationships (Cat2) 1.00 0.79 0.59 0.61 0.64 
Non-Linear Relationships (Cat3) 1.00 0.50 0.50 0.52 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.82 0.89 

Reading Informational Text (Cat2) 1.00 0.87 

Reading across Genres and 
Vocabulary (Cat3) 1.00 
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Table 58: Grade 10 Observed Score Correlations 

Subject Reporting Category 
Geometry ELA Reading 

Rep
1 

Rep
2 

Rep
3 

Rep
1 

Rep
2 

Rep
3 

Geometry 

Logic, Relationships, and Theorems (Cat1) 1.00 0.70 0.69 0.41 0.41 0.47 
Congruence, Similarity, and Constructions 

(Cat2) 1.00 0.69 0.44 0.45 0.51 

Measurement and Coordinate Geometry 
(Cat3) 1.00 0.42 0.42 0.48 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.53 0.64 

Reading Informational Text (Cat2) 1.00 0.61 

Reading across Genres and 
Vocabulary (Cat3) 1.00 

Table 59: Grade 10 Disattenuated Score Correlations 

Subject Reporting Category 
Geometry ELA Reading 

Rep
1 

Rep
2 

Rep
3 

Rep
1 

Rep
2 

Rep
3 

Geometry 

Logic, Relationships, and Theorems (Cat1) 1.00 0.94 0.96 0.59 0.60 0.65 
Congruence, Similarity, and Constructions 

(Cat2) 1.00 0.94 0.63 0.64 0.68 

Measurement and Coordinate Geometry 
(Cat3) 1.00 0.62 0.62 0.67 

ELA 
Reading 

Reading Prose and Poetry (Cat1) 1.00 0.83 0.93 

Reading Informational Text (Cat2) 1.00 0.89 

Reading across Genres and 
Vocabulary (Cat3) 1.00 
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Summative  and Interim Correlations  

Test takers who took PM1 and PM3 and those who took PM2 and PM3 were identified for 
conducting the cross-test set of correlations. Tables  60–63 present the correlations between 
summative and interim assessments for ELA and Mathematics. Observed correlations range from 
0.62–0.85. Disattenuated correlations range from 0.90–1.00. The number (N) of students, mean, 
and standard deviation of scale score, and reliability coefficient reported in tables are based on 
students who took both the summative and interim assessments. 

Table 60: Correlations, ELA, PM1 vs. PM3 

Grade Test 
Scale 
Score 
Mean 

Scale 
Score 

SD 
Reliability
Coefficient 

Observed 
Correlation 

Disattenuated 
Correlation N 

3 
PM1 185.16 21.96 0.69 

0.69 0.93 209,590 
PM3 199.69 23.14 0.81 

4 
PM1 200.20 19.72 0.78 

0.77 0.94 188,533 
PM3 212.71 21.02 0.85 

5 
PM1 209.66 20.35 0.86 

0.80 0.92 196,842 
PM3 220.45 21.24 0.88 

6 
PM1 217.10 21.91 0.80 

0.78 0.94 203,278 
PM3 223.09 22.37 0.85 

7 
PM1 221.73 23.08 0.80 

0.77 0.93 194,949 
PM3 228.86 23.20 0.85 

8 
PM1 226.20 22.96 0.81 

0.78 0.94 200,611 
PM3 235.01 24.08 0.85 

9 
PM1 231.68 23.35 0.80 

0.76 0.93 203,364 
PM3 239.11 23.89 0.83 

10 
PM1 236.74 23.97 0.82 

0.75 0.90 193,621 
PM3 244.02 23.70 0.84 

Table 61: Correlations, Mathematics, PM1 vs. PM3 

Grade Test 
Scale 
Score 
Mean 

Scale 
Score 

SD 
Reliability
Coefficient 

Observed 
Correlation 

Disattenuated 
Correlation N 

3 
PM1 173.80 18.13 0.81 

0.79 0.93 208,857 
PM3 200.03 21.70 0.90 

4 
PM1 188.44 18.00 0.76 

0.78 0.96 184,875 
PM3 214.52 21.68 0.87 

5 
PM1 200.77 19.13 0.79 

0.79 0.95 192,235 
PM3 221.64 23.30 0.87 
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Grade Test 
Scale 
Score 
Mean 

Scale 
Score 

SD 
Reliability
Coefficient 

Observed 
Correlation 

Disattenuated 
Correlation N 

6 
PM1 209.09 18.34 0.83 

0.78 0.94 192,942 
PM3 227.18 22.09 0.84 

7 
PM1 214.30 19.54 0.70 

0.68 0.94 130,783 
PM3 229.36 23.71 0.75 

8 
PM1 217.45 17.46 0.61 

0.62 0.93 107,605 
PM3 234.63 23.48 0.72 

Table 62: Correlations, ELA, PM2 vs. PM3 

Grade Test 
Scale 
Score 
Mean 

Scale 
Score 

SD 
Reliability
Coefficient 

Observed 
Correlation 

Disattenuated 
Correlation N 

3 
PM2 192.03 22.80 0.77 

0.75 0.95 214,227 
PM3 199.37 23.30 0.81 

4 
PM2 205.52 20.83 0.84 

0.81 0.97 194,078 
PM3 212.17 21.29 0.85 

5 
PM2 213.51 20.98 0.84 

0.82 0.96 200,900 
PM3 220.09 21.47 0.88 

6 
PM2 218.54 22.28 0.84 

0.81 0.96 207,463 
PM3 222.74 22.57 0.85 

7 
PM2 223.90 23.25 0.84 

0.80 0.95 199,569 
PM3 228.48 23.39 0.85 

8 
PM2 228.95 23.72 0.84 

0.80 0.95 205,020 
PM3 234.64 24.28 0.85 

9 
PM2 233.36 23.91 0.82 

0.78 0.94 209,429 
PM3 238.65 24.12 0.83 

10 
PM2 237.70 24.56 0.84 

0.77 0.92 198,795 
PM3 243.68 23.88 0.84 

Table 63: Correlations, Mathematics, PM2 vs. PM3 

Grade Test 
Scale 
Score 
Mean 

Scale 
Score 

SD 
Reliability
Coefficient 

Observed 
Correlation 

Disattenuated 
Correlation N 

3 
PM2 185.05 19.79 0.87 

0.85 0.96 213,393 
PM3 199.79 21.81 0.91 

4 
PM2 198.19 18.96 0.80 

0.83 1.00 190,416 
PM3 214.06 21.88 0.87 
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Grade Test 
Scale 
Score 
Mean 

Scale 
Score 

SD 
Reliability
Coefficient 

Observed 
Correlation 

Disattenuated 
Correlation N 

5 
PM2 208.71 21.04 0.82 

0.84 0.99 196,414 
PM3 221.34 23.42 0.87 

6 
PM2 217.53 19.43 0.84 

0.83 1.00 197,675 
PM3 226.91 22.21 0.84 

7 
PM2 221.54 21.07 0.68 

0.70 0.98 136,766 
PM3 229.32 23.73 0.75 

8 
PM2 224.81 21.55 0.64 

0.67 0.97 114,592 
PM3 234.94 23.51 0.73 

Discussion  

The empirical results together from the Q3, confirmatory factor analysis, and measurement 
invariance testing across subgroups suggest the implied model fits the data. That is, these results 
indicate that reporting an overall score in addition to separate scores for the individual reporting 
categories is reasonable, as the intercorrelations among items suggest that there are detectable 
distinctions among reporting categories. 

Furthermore, the correlations among the separate reporting categories are high, which is 
reasonable. This again provides support for the measurement model, given that the calibration of 
all items is performed concurrently. If the correlations among factors were very low, this could 
possibly suggest that a different IRT model would be needed (e.g., multidimensional IRT) or that 
the IRT calibration should be performed separately for items measuring different reporting 
categories. The high correlations among the reporting categories suggest these alternative methods 
are unnecessary and that our current approach is in fact preferable. 

Overall, these results provide empirical evidence and justification for the use of our scoring and 
reporting methods. Additionally, the results provide justification for the current IRT model 
employed. 

Item-Level Analyses  

Standards for Educational and Psychological Testing (AERA, APA, and NCME, 2014) suggests 
that the relationship between the test content and the intended test construct is one source of 
evidence for validity. For test score inferences to support a validity claim, the items should be 
representative of the content domain, and the content domain should be relevant to the proposed 
interpretation of test scores. 

To determine content representativeness, diverse panels of content experts will conduct alignment 
studies in the near future, in which experts review individual items and rate them based on how 
well they match the test specifications or cognitive skills required for a particular construct. 

Test scores can be used to support an intended validity claim when they contain minimal construct-
irrelevant variance. For example, a Mathematics item targeting a specific Mathematics skill that 
requires advanced Reading proficiency and vocabulary has a high level of construct-irrelevant 
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variance. Thus, the intended construct of measurement is confounded, which impedes the validity 
of the test scores. Examination of the correlational relationship among subscores is also used to 
evaluate content relevance. Results for this from FAST and B.E.S.T. were presented in this section. 
Evidence based on test content is a crucial component of validity because construct 
underrepresentation or irrelevancy could result in unfair advantages or disadvantages to one or 
more group of test takers. 

Technology-enhanced items (TEIs) should be examined to ensure that no construct-irrelevant 
variance is introduced. If some aspect of the technology impedes, or advantages, a student in his 
or her responses to items, this could affect item responses and inferences regarding abilities on the 
measured construct. Florida makes use of the TEIs developed by Cambium Assessment, Inc., and 
the items are delivered by the same engine as is used for delivery of the Smarter Balanced 
Assessment. Hence, the FAST and B.E.S.T. make use of items that have the same technology-
enhanced functionality as those found on these other assessments. A cognitive lab study was 
completed for the Smarter Balanced Assessment, providing evidence in support of the item types 
used for the Smarter Balanced Assessment Consortium and in Florida (see Volume 7 of the Florida 
Standards Assessments 2014–2015 Technical Report; Florida Department of Education, 2015). 
FDOE plans to conduct another set of cognitive lab studies to be completed by mid-2024. 

The check for unidimensionality can be made at the item level. The content measured by each item 
on the test should have a strong relationship with the content measured by the other items. An 
item-total correlation (also called a point-biserial correlation when items are dichotomously 
scored) is the correlation between an item and the total test score. Conceptually, if an item has a 
high item-total correlation (that is, 0.30 or above), it indicates that students who performed well 
on the test answered the item correctly and students who performed poorly on the test answered 
the item incorrectly; the item did a good job of discriminating between high-achieving and low-
achieving students. Assuming the total test score represents the extent to which a student possesses 
the construct being measured by the test, high item-total correlations indicate the items on the test 
require this construct to be answered correctly. We compute both biserial and point-biserial 
correlations in the FAST and B.E.S.T. item bank.  

Justification for the scaling procedures used for the FAST and B.E.S.T. can be found in Volume 1 
(see Item Calibration and Scaling) of this technical report. 

4.3.1  Generalization Validity Evidence  

There are two major requirements for validity that allow generalization from observed scale scores 
to universe scores1

1 Universe score is defined as the expected value of a person’s observed scores over all observations in the universe 
of generalization, which is analogous to a person’s “true score” in classical test theory (Shavelson & Webb, 2006). 

. First, the items administered on the test must be representative of the universe 
of possible items. Evidence regarding this requirement comes from content validity. Content 
validity is documented through evidence that the test measures the content standards and 
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benchmarks. The second requirement for validity at the generalization stage is that random 
measurement error on the test is controlled. Evidence that measurement error is controlled comes 
largely from reliability and other psychometric measures. Furthermore, validity generalization is 
related to whether the evidence is situation-specific or can be generalized across different settings 
and times. For example, sampling errors or range restriction may need to be considered to 
determine whether the conclusions of a test can be assumed for the larger population. These 
sources of evidence are reported in the following sections. 

Evidence of Content Validity  
The FAST and B.E.S.T. are based on content standards and benchmarks along with extensive 
content limits that help define what is to be assessed. Committees of educators collaborate with 
item development experts, assessment experts, and FDOE staff annually to review new and field-
test items so that each test adequately samples the relevant domain of material the test is intended 
to cover. These review committees participate in this process to verify the content validity of each 
test. 

The sequential committee review process is outlined in Volume 2 of this technical report. In 
addition to providing information on the difficulty, appropriateness, and fairness of items and 
performance tasks, committee members provide a check on the alignment between the items and 
the benchmarks measured. When items are judged to be relevant, that is, representative of the 
content defined by the standards, this provides evidence to support the validity of inferences made 
regarding knowledge of this content from the results. When items are judged to be inappropriate 
for any reason, the committee can either suggest revisions (e.g., rewording an item or reclassifying 
the item to a more appropriate benchmark) or elect to eliminate the item from the field-test item 
pool. Items approved are later embedded in live forms to allow for the collection of performance 
data. In essence, these committees review and verify the alignment of the test items with the 
content standards and measurement specifications so that the items measure the appropriate 
content. The nature and specificity of these review procedures provide strong evidence for the 
content validity of the test. 

Skilled professionals are also involved in establishing evidence of content validity in other ways. 
Item writers must have at least three years of teaching experience in the subject areas for which 
she or he will be creating items and tasks or two years of experience writing or reviewing items 
for the subject area. Each team is composed of qualified professionals who also have an 
understanding of psychometric considerations and sensitivity to racial/ethnic, gender, religious, 
and socioeconomic issues. Using a varied source of item writers provides a system of checks and 
balances for item development and review, reducing single-source bias. Since many different 
people with different backgrounds write the items, it is less likely that items will suffer from a bias 
that might occur if items were written by a single author. The input and review by these assessment 
professionals provide further support of the item being an accurate measure of the intended content 
domain. 

This section demonstrates that the knowledge and skills assessed by the FAST and B.E.S.T. were 
representative of the content standards of the larger knowledge domain. We describe the content 
standards for FAST and B.E.S.T. and discuss the test development process, mapping the FAST 
and B.E.S.T. assessments to the standards. A complete description of the test development process 
can be found in Volume 2, Test Development, of this technical report. 
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Content Standards   

The FAST and B.E.S.T. were aligned to the Florida Standards, which were approved by the Florida 
State Board of Education on February 12, 2020, to be the educational standards for all public 
schools in the state. 

Tables 64–66 present the reporting categories by grade and test, as well as the number of items 
measuring each category. For ELA accommodated forms, 100% of these items are also available 
for form building. For Mathematics, a small number within some reporting categories (less than 
5%) are not able to be converted to some accommodated form formats such as paper.  

Table 64: Number of Items for Each Mathematics Reporting Category 

Grade*  Reporting Category Number of Items 

3 

Number Sense and Additive Reasoning 39 

Number Sense and Multiplicative Reasoning 37 

Fractional Reasoning 20 

Geometric Reasoning, Measurement, Data Analysis, and Probability 45 

4 

Number Sense and Operations with Whole Numbers 45 

Number Sense and Operations with Fractions and Decimals 43 

Geometric Reasoning, Measurement, Data Analysis, and Probability 44 

5 

Number Sense and Operations with Whole Numbers 24 

Number Sense and Operations with Fractions and Decimals 34 

Algebraic Reasoning 23 

Geometric Reasoning, Measurement, Data Analysis, and Probability 44 

6 

Number Sense and Operations 77 

Algebraic Reasoning 55 

Geometric Reasoning, Data Analysis, and Probability 50 

7 

Number Sense and Operations and Algebraic Reasoning 57 

Proportional Reasoning and Relationships 49 

Geometric Reasoning 51 

Data Analysis and Probability 57 

8 

Number Sense and Operations and Probability 51 

Algebraic Reasoning 41 

Linear Relationships, Data Analysis, and Functions 64 

Geometric Reasoning 56 

Table 65: Number of Items for Each ELA Reporting Category 

Reporting Category 
Grade*  

3 4 5 6 7 8 9 10 

Reading Prose and Poetry 43 28 40 40 45 44 36 42 

Reading Informational Text 44 42 43 34 40 43 59 67 
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Reporting Category 
Grade*  

3 4 5 6 7 8 9 10 

Reading across Genres 
and Vocabulary 71 63 68 65 87 80 70 94 

* Reporting categories and the number of items belonging to each reporting category are identical for both online 
and accommodated forms. 

Table 66: Number of Items for Each EOC Reporting Category 

Course Reporting Category Number of Items 

Algebra 1 

Expressions, Functions, and Data Analysis 79 

Linear Relationships 75 

Non-Linear Relationships 80 

Geometry 

Logic, Relationships, and Theorems 65 

Congruence, Similarity, and Constructions 60 

Measurement and Coordinate Geometry 73 

Test Specifications  

Blueprints were developed to ensure that the test and the items were aligned to the prioritized 
standards that they were intended to measure. For more detail, please see Volume 2, Section 2, of 
this technical report. The FAST and B.E.S.T. were composed of test items that included traditional 
multiple-choice items, items that required students to type or write a response, and TEIs. TEIs are 
computer-delivered items that require students to interact with test content to select, construct, and 
support their answers. The blueprints specified the percentage of operational items that were to be 
administered. The blueprints also included the minimum and maximum number of items for each 
of the reporting categories, and constraints on selecting items for the DOK levels in Reading. The 
minimum and maximum number of items by grade and subject and other details on the blueprint 
are presented in appendices C and D of Volume 2. 

Test Construction and CAT Algorithm  

Test construction in Florida switched from building fixed-form tests to configuring the computer-
adaptive test (CAT) system for the regular summative assessments in the 2022–2023 school year. 
The accommodated tests remain fixed form. Details are provided in Volume 2, Section 4 Test 
Construction, including details of the item selection algorithm. The algorithm prioritizes blueprint 
match, followed by adapting to student ability and any other customizable item administration 
considerations and constraints deemed important for a particular test. 

Before the testing window opens, the CAT configurations are evaluated to ensure that the forms 
every student receives will conform to the required test-specific specifications, using simulations. 
Simulation results are evaluated based on numerous checks. Typically, all forms generated by the 
simulations should (for operational and field-test items) 
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• match test blueprint (including overall minimum and maximum items); 

• meet the minimum and maximum number of required passages; 

• result in sufficient numbers for item calibration; 

• result in satisfactory correlation between test difficulty and student estimated ability; and 

• result in uniform item exposure across the bank. 

Summary simulation outcome reports are in Volume 2, Appendix F. 

Test Development  

The FAST and B.E.S.T. item pool grows each year by field-testing new items. Any item used on 
an assessment was field-tested before it was used as an operational item. Field testing was 
conducted during the spring as part of the regular administration.  

The following factors were considered when embedding field-test items into the operational 
assessment for the spring administration: 

• Ensured that field-test items did not cue or clue answers to other field-test items. 

• Ensured that field-test items that cued or clued answers to operational items were not 
field-tested. 

• Included a mix of items covering multiple reporting categories and standards. 

• Selected items in the field-test sets that reflected a range of difficulty levels and cognitive 
levels. 

• Selected items that were needed for appropriate standard coverage in the item bank. 

• Selected items that were needed for appropriate format variety in the item bank. 

Alignment of FAST and B.E.S.T. Item Banks to the Content  Standards and Benchmarks   

A third-party, independent alignment study for the new B.E.S.T. standards is planned for 
completion by October 7, 2024. For details, see this volume’s Appendix E. The results from the 
previous alignment study for the Florida Standards Assessments (FSA) standards can be found in 
Volume 4, Appendix D, of the 2015–2016 Florida Standards Assessments Technical Report. 

The new study will be designed to yield evidence that pertains to fulfilling requirements as stated 
in federal statute related to the content alignment of statewide assessments with corresponding 
academic standards. Four main research questions will guide the work. 

1. Framework Analysis: To what extent do the CAT algorithms, test blueprints, and other relevant 
test specifications and documentation reflect structure and design that support the capacity of 
alignment of test events with corresponding grade-level academic standards? 
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2. Aggregate Data Review: To what extent do the available aggregate data for test events 
administered in spring 2023 provide evidence that the algorithm and blueprints are yielding test 
forms as expected? 

3. Validation of Internal Metadata: To what extent is independent coding of assessment targets 
reasonably consistent with the assessment targets identified within internal (vendor) item 
metadata? 

4. Test Form–Level Alignment: What is the degree of alignment of actual test events, sampled 
from below satisfactory, on grade level and above satisfactory/mastery with corresponding Florida 
B.E.S.T. Standards, based on agreed-on criteria and minimum cutoffs? 

The study will yield multiple lines of evidence that will support a validity argument that would 
extend across all test events generated by a computer-adaptive assessment program. Beyond the 
content alignment evidence for individual test events, it is important to provide additional evidence 
that can help extend findings across all test events generated by a particular testing program. 
Because computer-adaptive test form assembly relies on internal metadata to meet blueprint 
specifications, validation of the internal metadata (based on independent item-level content 
analysis) allows for greater confidence that an assessment program has the capacity to generate 
test forms that include content consistent with blueprint intent and, therefore, that test form-level 
findings can be reasonably generalized across all test forms generated by the assessment program. 
By drawing on multiple lines of evidence, the overall study design allows for the potential to craft 
a logical argument for the capacity for alignment of all test events generated by the FAST and 
EOC assessment programs included in the study with the corresponding Florida B.E.S.T. 
Standards, as appropriate, based on results. 

The resulting logic argument, stated in the positive, would be: 

• If relevant test specifications and documentation reflect a structure and design to support 
the capacity of alignment of test events with corresponding grade-level academic 
standards; 

• and if test events (sampled from below satisfactory, on grade level, and above 
satisfactory) meet minimum alignment criteria (based on agreed-on cutoffs for 
Categorical Concurrence, DOK Consistency, Range of Knowledge Correspondence, and 
Balance of Representation), 

• and if the test blueprints and algorithm are generating test events as intended (based on 
data from all administered test events), 

• and if validation of internal metadata supports generalizability of alignment findings 
across all test forms generated by the assessment programs, 

• then it is possible to make an argument for the capacity for alignment for all test events 
resulting from Florida FAST assessments for ELA grades 3–10, FAST assessments for 
Mathematics grades 3–8, and B.E.S.T. EOC assessments for Algebra 1 and Geometry 
with corresponding Florida B.E.S.T. Standards. 
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Response Processes Solicited  by  the Florida Statewide Assessments  

Standards for Educational and Psychological Testing notes that “some construct interpretations 
involve more or less explicit assumptions about the cognitive processes engaged in by test takers” 
(AERA, APA, & NCME, 2014, p.15). This is true with educational assessments in which the 
content claims include that items are measured at levels of higher cognitive complexity. Both 
theoretical and empirical analyses of test-taker processes can be used as evidence for such claims. 
Cognitive labs, in which researchers question test takers from the student population about their 
steps in responding to a question and how they solved a question (response strategy), are strong 
pieces of evidence that the assessments tap the intended cognitive processes appropriate for each 
grade level, as represented in the academic content standards measured. 

FAST and B.E.S.T. cognitive lab studies are currently being conducted to examine the response 
processes of test takers for grades 3, 7, and 10 ELA, grades 3 and 7 Mathematics, and Algebra 1. 
These grades were selected because they represent the item types, share similar blueprints 
(including the same content categories), and have the same test development procedures as the 
non-selected grades. The assessments are all based on the same content standards and benchmarks, 
along with extensive content limits that define what is to be assessed. For all grades, committees 
of educators collaborate with item development experts, assessment experts, and FDOE staff 
annually to review new and field-test items so that each test adequately samples the relevant 
domain of material the test is intended to cover. These committees review and verify the alignment 
of the test items with the content standards and measurement specifications so that the items 
measure the appropriate content. Given these commonalities between the selected and non-
selected grades, results from cognitive lab studies from the selected grades are generalizable to 
non-selected grades and non-selected item types. 

In the studies, students work through sample items. Eight students respond to each item, and their 
thinking processes are elicited through a combination of concurrent think-aloud (thinking out loud 
while reading and responding to an item) and focused probes that are tailored based on the 
anticipated solution path for a given item. 

The cognitive lab interviews use recorded audio, and the students’ responses to the test items are 
captured by the Test Delivery System. Following the cognitive lab, the interviewer reviews all 
relevant information and files a report that includes, for each item attempted by the student, a 
detailed record of the student’s think-aloud and responses to probes, as well as a record of the 
student’s test item response. 

These reports are currently being evaluated by content experts to determine whether the evidence 
for any given item meets the following criteria: 

1. Students who receive full credit on an item display—through their think-aloud and 
responses to probes—defensible evidence that they based their response on the 
combination of skills and knowledge that make up the “intended construct.” 

2. Students who do not receive full credit on an item display—through their think aloud and 
responses to probes—defensible evidence that they understood (at a general level) what 
the item was asking them to do, and they were unable to provide a full-credit response as 
a result of deficiencies in one or more aspect of the skills or knowledge that make up the 
“intended construct.” For example, they lacked the necessary procedural knowledge for 
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manipulating fractions or they were unable to apply the reasoning skills required by the 
item. 

The planned cognitive lab studies were delayed due to the COVID-19 pandemic and school 
closings in 2020–2021. These studies are planned to be concluded mid to late 2024.The detailed 
draft cognitive laboratory plan (including DOK distributions in the bank) can be found in 
Appendix F. 

Evidence of  Control of  Measurement Error  

Reliability and the CSEM are discussed in an earlier chapter of this volume. Tables reporting the 
CSEM and marginal reliability are also included. As discussed earlier, these measures show that 
FAST and B.E.S.T. scores are reliable. 

Further evidence is needed to show the IRT model fits well. Item-fit statistics and tests of 
unidimensionality apply here, as they did in the section describing evidence arguments for scoring. 
As described, these measures indicate good fit of the model. 

Validity Evidence for Different Student Populations  

It can be argued from a content perspective that the FAST and B.E.S.T. are not more or less valid 
for use with one subpopulation of students relative to another. The FAST and B.E.S.T. measure 
Florida Standards, which are required to be taught to all students. The tests have the same content 
validity for all students because what is measured on the tests is taught to all students by the time 
PM3 is administered, and all tests are given to all students under standardized conditions. 

Great care has been taken so that the items constituting the FAST and B.E.S.T. are fair and 
representative of the content domain expressed in the content standards. Additionally, much 
scrutiny is applied to the items and their possible impact on demographic subgroups making up 
the population of the state of Florida. Every effort is made to eliminate items that may have ethnic 
or cultural biases. As described in Volume 2 of this technical report, item writers are trained on 
how to avoid economic, regional, cultural, and ethnic biases when writing items. After items are 
written and passage selections are made, committees of Florida educators are convened by FDOE 
to examine items for potential subgroup bias. As described in Volume 1, items are further reviewed 
for potential bias by committees of educators and the FDOE after field-test data are collected. 
Volume 1 of this technical report delineated the differential item functioning (DIF) analysis, which 
was conducted for all items to detect potential item bias across major gender, ethnic, and special 
population groups. In fact, DIF analysis is conducted for all items before the item is added to any 
operational form. DIF summary tables are presented in the appendices of Volume 1 in the 
Benchmarks for Excellent Student Thinking 2022–2023 Technical Report: Appendix A, 
Operational Item Statistics, for operational items and Appendix B, Field-Test Item Statistics, for 
field-test items. 

In addition, marginal reliability was calculated for various demographic subgroups including 
gender groups (male and female), ethnic groups (White, African American, Hispanic, Asian, 
American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, and multiracial), 
ELL and Non-ELL, students with/without disabilities, and students with/without accommodations 
(see the reliability in Appendix A of this volume and classification accuracy in the Reliability 
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chapter of this volume). These reliability measures provide one more piece of evidence for the 
content validity across demographic subgroups. 

4.3.2  Extrapolation  Validity Evidence   

Validity for extrapolation requires evidence that the universe score is applicable to the larger 
domain of interest. Although it is usually impractical or impossible to design an assessment 
measuring every concept or skill in the domain, it is desirable for the test to be robust enough to 
allow some degree of extrapolation from the measured construct. The validity argument for 
extrapolation can use either analytical evidence or empirical evidence. These lines of evidence are 
detailed below. 

Analytic Evidence  

The FAST and B.E.S.T. create a common foundation to be learned by all students and define the 
domain of interest. As documented in this report, the FAST and B.E.S.T. are designed to measure 
as much of the domain defined by the standards as possible. 

A threat to the validity of the test can arise when the assessment requires competence in a skill 
unrelated to the construct being measured. For example, students who are ELL may have difficulty 
fully demonstrating their mathematical knowledge if the Mathematics assessment requires fluency 
in English. The use of accommodation avoids this threat to validity by allowing students who are 
ELL to demonstrate their mathematical ability on a test that limits the quantity and complexity of 
English language used in the items. The FAST and B.E.S.T. also allow accommodations for 
students with vision impairment or other special needs. The use of accommodated forms allows 
accurate measurement of students who would otherwise be unfairly disadvantaged by taking the 
standard form. Accommodations are discussed in Volume 5 of this technical report. Further, the 
reliability measures for the ELL, disability, and accommodation groups (see the reliability and 
classification accuracy in Appendix A of this volume), in particular, provide some evidence for 
the effectiveness of accommodations that would allow meaningful interpretation of results and 
comparisons across subgroups. 

Another threat to test validity could arise when the assessments are administered online on 
different platforms. Online administration of FAST and B.E.S.T. in spring 2023 included grades 
3–8 Mathematics, grades 3–10 Reading, grades 4–10 Writing, and all EOC assessments (Algebra 
1 and Geometry). According to the Technology Guidelines of FDOE (2015), “Desktops, laptops, 
netbooks (Windows, Mac, Chrome, Linux), thin client, and tablets (iPad, Windows and Android) 
will be compatible devices provided they meet the established hardware, operating system and 
networking specifications—and are able to address the security requirements.” All these devices 
can be used for EOC administrations if the screen size is 9.5 inches or larger. To provide support 
for the use of multiple devices on Florida EOC assessments, a brief literature review was included 
about the score comparability across digital devices on large-scale assessments. 

Way, Davis, Keng, and Strain-Seymour (2016) pointed out a fundamental consideration in 
evaluating device comparability: form factor. The form factor is defined as the way students access 
and manipulate digital content with the devices—the more similar the form factor, the more 
comparable the scores on those two devices can be expected to be. Form factors for desktop and 
laptop computers are relatively similar, especially when compared to tablet (e.g., iPad) devices. 
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Earlier research has shown that student performance across desktop and laptop computers is 
relatively comparable (Keng, Kong, & Bleil, 2011; Sandene, Horkay, Bennett, Allen, Braswell, 
Kaplan, & Oranje, 2005; Bridgeman, Lennon, & Jackenthal, 2001). Since the current generation 
of touch-screen tablets became available in 2010, only research after 2010 is cited below to further 
examine the score comparability between tablet and non-tablet devices. 

Olsen (2014) compared the performance of grades 1–12 testing on tablets and computers. He found 
strong positive relationships for student scale scores across devices and concluded that these results 
provided “strong evidence that STAR Reading Enterprise and STAR Math Enterprise were 
measuring the same attribute regardless of device type” (p. 2). Although statistically significant 
differences were reported for some grades for Reading and Mathematics, the device effects were 
found favoring computers in some grades and tablets in others. The effect sizes for Reading ranged 
from small to very small. 

In their Partnership for Assessment of Readiness for College and Careers (PARCC) spring 2015 
digital device comparability study, Steedle, McBride, Johnson, & Keng (2016) found “consistent” 
and “robust” evidence of comparability between test scores from tablet and non-tablet devices. 
This study examined performance on eight PARCC assessments: grade 5 Mathematics, grade 7 
Mathematics, Algebra 1, Geometry, Algebra 2, Grade 3 English Language Arts/Literacy (ELA/L), 
grade 7 ELA/L, and grade 9 ELA/L. Students who used tablet and non-tablet devices were matched 
on demographic information so that two randomly equivalent samples were generated. The item 
means and IRT difficulty estimates were found similar across devices. While a small number of 
items were flagged for device effects, they are almost all on high school Mathematics assessments. 
The raw score and scale score distributions suggested similar overall performance on both 
performance-based and end-of-year components of the 2015 PARCC assessments. 

In addition, IRT true-score equating indicated that students testing on non-tablet devices would be 
expected to obtain similar scores if they had taken the same test on tablets. 

Davis, Kong, McBride, & Morrison (2016) examined the comparability of scores for high school 
students testing on computers to those testing on tablets. This study addressed construct 
equivalence and mean differences on Reading, Mathematics, and Science assessments with a 
variety of item types (multiple-choice and technology-enhanced items). They found no significant 
mean score differences across devices for any of the three content areas or across any item type 
evaluated. Construct equivalence also held across devices. Further, Davis, Morrison, Kong, & 
McBride (2017) extended this research by comparing score distributions across devices for 
Reading, Mathematics, and Science, and also investigating device effects for gender and ethnicity 
subgroups. For Mathematics and Science, no significant differences were found between scores 
that resulted from tablets and computers. For Reading, a small device effect favoring tablets was 
found for the middle to lower part of the score distribution, which might be caused by performance 
increases of male students testing on tablets. Overall, this study adds to the evidence “for a 
relatively high degree of comparability between tablets and computers” (p. 35), which is consistent 
with previous studies reviewed in this section. 

In terms of screen size, research suggests that, while the information shown on the screen is held 
constant, screens of 10 inches or larger are suitable for viewing and interacting with assessments, 
with little evidence of test performance differences or item-level differences (Keng, Kong, & Bleil, 
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2011; Davis, Strain-Seymour, & Gay, 2013). This provides further support for Florida EOC 
assessments to allow the use of tablets with a screen size of 9.7 inches or larger. 

While it is reassuring that the research generally finds the scores across digital devices to be 
comparable, DePascale, Dadey, and Lyons (2016) summarized factors that may potentially 
contribute to the presence of device effects: familiarity, device features (screen size, input 
mechanism, keyboard), and assessment-specific features (content area). They recommended that 
when different devices are allowed on an assessment, states should attempt to eliminate or 
minimize differences in the areas listed above. In particular, 

differences in devices can be minimized if all students are sufficiently fluent with the 
functionality of the device on which they are testing; the amount of content that appears 
on the screen without requiring scrolling is the same across devices; the items are designed 
for comfortable use with fingertip input when touchscreen devices are used (e.g., items are 
large enough and spaced widely enough); and external keyboards are available for 
response to essay prompt. (p.17) 

Empirical Evidence  

Empirical evidence of extrapolation is generally provided by criterion validity when a suitable 
criterion exists. As discussed previously, finding an adequate criterion for a standards-based 
achievement test can be difficult. 

According to Standards (AERA, APA, and NCME, 2014), convergent and discriminant evidence 
is one category within the source of validity evidence of the relationship of test scores to external 
variables. Convergent evidence supports the relationship between the test and other measures 
intended to assess similar constructs. Conversely, discriminant evidence delineates the test from 
other measures intended to assess different constructs. To analyze both convergent and 
discriminant evidence, a multi-trait multi-method matrix can be used. Thus, another strategy to 
examine the convergent and divergent validity could be accomplished by looking at the subscore 
relationships (by reporting category) within content areas. As each reporting category is measured 
with a small number of items, the standard errors of the observed scores within each reporting 
category are typically larger than the standard error of the total test score. Disattenuating for 
measurement error could offer some insight into the theoretical true score correlations. Both 
observed correlations and disattenuated correlations were provided previously in this volume (see 
Tables 38–43). 
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4.3.3  Implication Validity Evidence  

Standards (AERA, APA, and NCME, 2014) suggests that test-criterion relationships belong to the 
source of validity evidence of the relationship of test scores to external variables. The test-criterion 
relationships indicate how accurately test scores predict criterion performance. The degree of 
accuracy mainly depends upon the purpose of the test, such as classification, diagnosis, or 
selection. Test-criterion evidence is also used to investigate predictions of favoring different 
groups. Due to construct underrepresentation or construct-irrelevant components, the relation of 
test scores to a relevant criterion may differ from one group to another. 

There are inferences made at different levels based on the FAST and B.E.S.T. assessments. 
Individual student scores are reported, as well as aggregate scores for schools and districts. 
Inferences at some levels may be more valid than those at others. For example, the assessments 
report individual student scores, but some students may feel that few ramifications of the test 
directly affect them; such students may fail to put forth their full effort. The incorporation of 
graduation requirements associated with the grade 10 Reading and Algebra 1 assessments 
increases the consequences of the test for high school students; this may mitigate concerns about 
student motivation affecting test validity. Also, as students are made fully aware of the potential 
Every Student Succeeds Act (ESSA) ramifications of the test results for their school, this threat to 
validity should diminish. 

One of the most important inferences to be made concerns the student’s achievement level, 
especially for accountability tests. Even if the total-correct score can be validated as an appropriate 
measure of the standards, it is still necessary that the scaling and achievement-level designation 
procedures be validated. Because scaling and standard setting are both critical processes for the 
success of FAST and B.E.S.T., separate volumes are devoted to them. Volume 3 of the 
Benchmarks for Excellent Student Thinking 2022–2023 Technical Report discusses the details 
concerning performance standards, and Volume 1 of this technical report discusses scaling. These 
volumes serve as documentation of the validity argument for these processes. 

At the aggregate level (i.e., school, district, or statewide), the implication validity of school 
accountability assessments can be judged by the impact the testing program has on the overall 
proficiency of students. Validity evidence for this level of inference will result from examining 
changes over time in the percentage of students classified as proficient. As mentioned before, there 
exists a potential for negative impacts on schools as well, such as increased dropout rates and 
narrowing of the curriculum. Future validity studies need to investigate possible unintended 
negative effects as well. 

Summary of Validity Evidence  

FAST and B.E.S.T. scores provide information reflecting what students know and can do in 
relation to academic expectations. They are summative measures of a student’s performance in a 
subject at one point in time. They provide a snapshot of the student’s overall achievement, not a 
detailed accounting of the student’s understanding of specific content areas defined by the 
standards. However, the scores help parents begin to understand their child’s academic 
performance as it relates to FAST and B.E.S.T., and they provide information to educators and 
suggest areas needing further evaluation of student performance. The results can also be used for 
intervention needed for students struggling with FAST and B.E.S.T. assessments. In addition to 
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being helpful in evaluating the strengths and weaknesses of a particular academic program or 
curriculum, the test results can be used to answer a variety of questions about a student, educational 
program, school, or district. It is important to be cautious for the interpretation of score use, such 
as understanding measurement error, using scores at extreme ends of distributions, interpreting 
score means, using reporting category information, and program evaluation implications. Chapter 
5 of Volume 6 of the Benchmarks for Excellent Student Thinking 2022–2023 Technical Report 
narrated the details in cautions of score use. 

This volume, as well as other volumes of this technical report, provide validity evidence supporting 
the appropriate inferences from FAST and B.E.S.T. scores. In general, the validity evidence 
provides supports to the primary claim that FAST and B.E.S.T. scores provide information 
reflecting what students know and can do in relation to the academic expectations defined in terms 
of academic content and achievement standards. Validity arguments based on rationale and logic 
are strongly supported for FAST and B.E.S.T. assessments. The empirical validity evidence for 
the scoring and the generalization validity arguments for these assessments are also quite strong. 
Reliability indices, model fit, and dimensionality studies provide consistent results, indicating that 
FAST and B.E.S.T. are properly scored and scores can be generalized to the universe score. 
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5.  EVIDENCE OF  COMPARABILITY  

Florida Assessment of Student Thinking (FAST) and B.E.S.T. assessments are available to be 
administered in regular computer-adaptive test (CAT) mode as well as with accommodations in 
fixed-form format (see Volume 5, Section 1.2 Testing Accommodations). It is important to provide 
evidence of comparability between the versions. If the content between forms varies, then one 
cannot justify score comparability. Student scores should not depend on the mode or device of 
administration nor the type of test form. 

To improve the accessibility of the statewide assessment, alternate assessments were provided to 
students whose Individual Educational Plan (IEP) or Section 504 Plan indicated such a need for 
the PM3 and spring summative assessments. The comparability of scores obtained via alternate 
means of administration must be established and evaluated. This section outlines the overall test 
development plans that ensured the comparability of CATs and accommodated tests across 
different devices. 

5.1   MATCH-WITH-TEST BLUEPRINTS FOR BOTH CAT  AND ACCOMMODATED  
TESTS  

The accommodated versions of the tests were developed according to the same test specifications 
used for the CATs, including blueprints and content-level considerations. Specifically, the CAT 
algorithm was used directly to generate candidate forms for use as the final accommodated forms 
in each grade. To create the spring 2023 accommodated forms, Cambium Assessment, Inc. ran 
simulations in summer 2022 (based on the new FAST/B.E.S.T. blueprints and the CAT algorithm) 
for each grade. Thus, the blueprints for the accommodated forms matched the blueprint for the 
CAT tests—they were chosen directly from forms generated by the CAT. More information about 
accommodated form construction can be found in Volume 2, Section 4.4 Accommodation Form 
Construction. 

5.2   COMPARABILITY OF  TEST SCORES  OVER TIME  

The comparability of scores over time is ensured via two methods. First, during test development, 
both content and statistical requirements are implemented. All test items are aligned to the same 
standards and test blueprint specifications for each administration. In addition, for the 
accommodated forms, individual items and candidate forms are evaluated based on their statistics. 
The statistical criteria are consistent from year to year (an overview is in Volume 1, Section 5 Item 
Analyses Overview and Section 6.2.2 Accommodated Forms). Second, in future years, drift 
analyses of the IRT item parameters will be conducted to ensure item parameters can be compared 
over time. 

5.3   COMPARABILITY OF  ONLINE  AND ACCOMMODATED TESTS   

In a review of literature on the issue of score comparability between online and accommodated 
(paper-based) forms, DePascale, Dadey, and Lyons (2016) cites Winter (2010) on the definition 
for score comparability. Specifically, Winter (2010) notes that comparability requires that a test 
and its variations must 
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• measure the same set of knowledge and skills at the same level of content-related 
complexity (i.e., comparable constructs); 

• produce scores at the desired level (i.e., type) of specificity that reflect the same degree of 
achievement on those constructs (i.e., comparable scores); and 

• have similar technical properties in relation to the level of score reported (i.e., comparable 
technical properties of scores). 

Accommodated forms (in various modes) were offered as a special accommodation for students 
who qualified according to their IEP or Section 504 Plan. Various devices were used across 
Florida. In the following sections, evidence is summarized that shows how Florida has applied the 
known findings in the research literature and followed best practices in the field to minimize 
construct-irrelevant variance and reduce threats to score comparability during test design, 
development, and administration. 

When an accommodated form is constructed, first and foremost, the accommodated version is 
constructed to the exact same blueprint and content-level specifications as the CAT. Items are 
drawn from exactly the same item bank. For English Language Arts (ELA), 100% of items are 
available for use on accommodated forms. For Mathematics, some technology-enhanced items are 
not able to be translated to paper versions, however, these items are less than 5% of the bank. From 
the psychometric point of view, the purpose of providing accommodations is to “increase the 
validity of inferences about students with special needs by offsetting specific disability-related, 
construct-irrelevant impediments to performance” (Koretz & Hamilton, 2006, p. 562).  

Details for the rigorous process of translating items to different formats for accommodated forms 
can be found in Volume 2, Section 3.4 Item Translation to Braille Format and Section 4.4 
Accommodation Form Construction. Details of available testing accommodations, their selection, 
appropriateness of use, appropriateness of implementation, and auditing are in multiple sections 
in Volume 5 of this technical report. 

5.4   COMPARABILITY OF  CONSTRUCTS  

Note that variations of a form refer not only to the online versus paper or accommodated 
distinction, but also to online tests administered across devices and platforms. 

To make a claim about comparable constructs, as Winter (2010) suggests, it is important to provide 
evidence to show that (1) assessed content should be comparable across different versions of the 
assessment and (2) testing administration devices do not introduce construct-irrelevant variance 
into score estimates. 

A device comparability study was conducted to provide evidence of the comparability of the 
Florida Statewide Assessments (FSA) across the most frequently used platforms. Score 
comparability across different devices was examined to assess whether student performance on 
the FSA differs between students conditional on the device. The device effects were examined via 
regression and a likelihood ratio test to compare the regression models. The study showed that 
there are no systematic differences in the scores for students when administered the FSA on 
different devices. The details of the study can be found in Appendix F of Florida Statewide 
Assessments 2021–2022 Technical Report (Appendix D of this volume). 
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Although the study was conducted using the FSA (and not specifically the FAST/B.E.S.T. 
assessments), the results are still generalizable to the new assessments for reasons outlined in 
DePascale, Dadey, and Lyons (2016). That is, questions about score comparability across devices 
are distinct from other threats to score comparability, such as 

• differences in test content; 
• differences in the types of items and the format of items used on the assessment; and 
• differences in scoring and/or the response that a student is expected to provide. 

Instead, questions about score comparability across devices include concerns about differences 
among students in the manner in which content is presented, the manner in which students interact 
with the content presented, and the manner in which students respond to the content presented. 
That is, the issue of addressing device comparability is not assessment specific. Since no device 
effects were previously found in Florida’s device comparability study, although the assessment 
standards and content have changed, the devices used in Florida and the way they are used have 
not changed. Thus, the study findings should still hold. 

5.5  COMPARABILITY OF  SCORES  

Florida tests use maximum likelihood estimation for scoring and report scale scores, performance 
levels, and reporting category scores. This applies to all versions of the assessment. The essence 
is that the accommodated items that are common with the CAT form use item parameters from the 
CAT calibrations. Since both CAT and accommodated forms are scored using the same IRT-
calibrated item pool, the scores obtained from the accommodated form are comparable to those 
obtained from the CAT. 

As for research on score comparability, a review of the literature by Arthur, Kapoor, and Steedle 
(2020) found most studies showed comparability between scores from paper and online testing but 
there were similar numbers of studies showing mode effects favoring paper and online testing. 
They also included meta-analyses that showed near-zero estimates of mode effects when 
combining results from numerous studies. Thus, any individual significant results showing 
differences are very likely due to specific circumstances, such as how forms are constructed, the 
items used, and how they are administered in a specific context. A corollary of this comparability 
can be achieved if care is taken to ensure comparability. 

This is consistent with findings by DePascale, Dadey, and Lyons (2016) in their literature review. 
They found that (1) the majority of comparability studies have found their computer-based and 
paper-based tests to be comparable overall (e.g., Davis, Kong, & McBride, 2015; Davis, Orr, 
Kong, & Lin, 2015) and (2) research on device comparability shows a generally high degree of 
score comparability across digital devices on large-scale assessments, and factors that may 
potentially contribute to the presence of device effects include familiarity and device features (e.g., 
screen size, input mechanism, keyboard). However, there are clear, practical steps throughout the 
assessment cycle that states and their assessment contractors can take to be proactive in identifying, 
anticipating, and avoiding potential threats to score comparability due to devices. The device 
comparability study mentioned in Section 5.4 is evidence that the state has been successful in 
avoiding threats to comparability due to devices. Furthermore, as described in Section 5.3 
Comparability of Online and Accommodated Tests, numerous processes have been implemented 
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in the design, development, and administration of Florida assessments that mirror best practices 
recommended by research to maximize comparability. 

Empirical evidence is available in the observed data collected from the test administrations—test 
forms are reliable and students using the accommodated form also have a range of scores. This 
evidence indicates that high-performing students administered accommodated forms can still 
demonstrate high performance and are not impeded in any way by the nature of the form or its 
administration. An overall scale score summary (including mean score, standard deviation, mean 
conditional standard error of measurement, and marginal reliability) was presented in Table 2 in 
Section 3.1 (comparison with CATs can be found in Table 67 on the following page), and by 
reporting category is presented for online and accommodated groups in Appendix A of this 
volume. Appendix H with correlations for accommodated scores show a similar pattern to the 
CAT. 

The marginal reliabilities for accommodated forms are generally lower. However, the sample size 
for accommodated forms is extremely small and the test-taking subgroup is restricted in terms of 
their ability distribution, which would contribute to the observed differences in reliabilities. 
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Table 67: Marginal Reliability Coefficients for Accommodated vs. Regular Online 
Students 

Regular Accommodated 

Subject Grade N-Count Reliability N-Count Reliability 

ELA Reading 

3 220,121 0.80 1,377 0.72 

4 199,859 0.84 1,142 0.78 

5 206,237 0.88 1,107 0.84 

6 215,466 0.85 509 0.78 

7 208,169 0.85 480 0.79 

8 213,912 0.84 493 0.79 

9 220,847 0.83 490 0.77 

10 210,962 0.84 543 0.83 

Mathematics 

3 219,589 0.91 1,362 0.86 

4 196,519 0.87 1,123 0.84 

5 201,956 0.87 1,092 0.88 

6 206,185 0.84 499 0.84 

7 146,438 0.76 408 0.70 

8 124,496 0.73 379 0.66 

Algebra 225,389 0.87 545 0.70 

Geometry 221,142 0.84 542 0.71 

Figures  6–8 show comparison of mean conditional standard errors of measurement (CSEMs) for 
the accommodated tests with CAT forms (CSEM curves are the mean CSEM curves for all 
students). Mean CSEM means for each scale score, we take the average of all the CSEMs 
conditional on the scale score being equal to that. In general, the accommodated form is very 
comparable to a typical CAT form with regards to the standard errors. In grades 5–8, 
accommodations show better CSEM properties in the lower ability range, possibly because some 
of the easier items were already used in previous test administrations for most students who took 
PM1 and PM2. 
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Figure 6: Conditional Standard Errors of Measurement (Mathematics) 
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Figure 7: Conditional Standard Errors of Measurement (ELA) 
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Figure 8: Conditional Standard Errors of Measurement (EOC) 

Figures 9–11 show comparisons of test characteristic curves (TCCs) for an accommodated form 
against a typical form (chosen at random from those administered to students scoring at the on-
grade cut). There is generally a good match, except Mathematics CAT once again shows slightly 
more difficult items due to likely the same reasons outlined previously—limited bank and items 
already seen in PM1 and PM2. 
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Figure 9: Test Characteristic Curves (TCCs) Compared (Mathematics) 

Figure 10: Test Characteristic Curves (TCCs) Compared (ELA) 
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Figure 11: Test Characteristic Curves (TCCs) Compared (EOC) 
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5.6  COMPARABILITY OF  TECHNICAL  PROPERTIES OF  SCORES  

For state-mandated accountability assessments, score comparability almost invariably refers to 
comparability of scale scores. This is true for Florida assessments, as we expect scale scores from 
different versions of the assessment to be used interchangeably. Given that scale scores are at a 
finer grain size than achievement-level classifications, showing the comparability of scale scores 
implies that aggregate scores or classifications derived from them, like performance levels, are 
also comparable (DePascale, Dadey, & Lyons, 2016). In the following section, we provide 
evidence that the technical properties of scale scores are comparable between online and 
accommodated assessments. 

Evidence of Reliability and Validity Florida Department of Education 91  



     
 
 

         

  

  
  

 
   

 

  

  

  

  

  

   

  

  
 

    

     
  

     

  
   

   
  

      
     

  
  

 
 

   
   

  
   

 

Florida B.E.S.T. 2022–2023 Technical Report: Volume 4 

6. FAIRNESS AND ACCESSIBILITY 

6.1   FAIRNESS IN CONTENT   

The principles of universal design of assessments provide guidelines for test design to minimize 
the impact of construct-irrelevant factors in assessing student achievement. Universal design 
removes barriers to provide access for the widest range of students possible. Seven principles of 
universal design are applied in the process of test development (Thompson, Johnstone, & Thurlow, 
2002): 

1. Inclusive assessment population 

2. Precisely defined constructs 

3. Accessible, non-biased items 

4. Amenable to accommodations 

5. Simple, clear, and intuitive instructions and procedures 

6. Maximum readability and comprehensibility 

7. Maximum legibility 

Test development specialists have received extensive training on the principles of universal design 
and apply these principles in the development of all test materials. In the review process, adherence 
to the principles of universal design is verified by Florida educators and stakeholders. 

Section 2.1 in Volume 5 of this technical report discusses unique accommodations, appropriate 
accommodations, appropriate selection and use of accommodations, and appropriate 
implementation of accommodations in the Florida assessments. 

The use of alternative formats and accommodations for individuals with visual disabilities raises 
concerns about fairness and validity. Due to the small sample sizes associated with visually 
impaired students with disabilities, it is not feasible to conduct empirical analyses based on Florida 
data to investigate the effects of this accommodation. Therefore, we rely on research findings in 
the literature for this investigation. In a review of literature in Shaftel et al. (2015), it seems that 
findings were mixed on differential item functioning (DIF) research with respect to visually 
impaired students. Zebehazy, Zigmond, and Zimmerman (2012) investigated DIF of test items on 
Pennsylvania’s Alternate System of Assessment (PASA) for students with visual impairments and 
results indicated DIF among the functional vision groups when compared to a matched group of 
sighted students. By contrast, Stone, Cook, Laitusis, and Cline (2010) conducted a similar study 
and found only one item at each grade showed large DIF favoring students without visual 
impairments, supporting the accessibility and validity of alternate formats for students with visual 
disabilities. Shaftel et al. (2015) conducted DIF research comparing students with and without 
disabilities and concluded that results were encouraging in terms of demonstrating that the 
different item types, when designed and developed with accessibility in mind, did not disadvantage 
any particular student group. 
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6.2   STATISTICAL  FAIRNESS IN ITEM  STATISTICS   

Analysis of the content alone is not sufficient to determine the fairness of a test. Rather, it must be 
accompanied by statistical processes. While a variety of item statistics were reviewed during field 
testing to evaluate the quality of items, one notable statistic that was used was DIF. Items were 
classified into three categories (A, B, or C) for DIF, ranging from no evidence of DIF to severe 
DIF, according to the DIF classification convention illustrated in Volume 1 of this technical report. 
Furthermore, items were categorized positively (i.e., +A, +B, or +C), signifying that the item 
favored the focal group (e.g., African American/Black, Hispanic, female), or negatively (i.e., –A, 
–B, or–C), signifying that the item favored the reference group (e.g., White, male). Items were 
flagged if their DIF statistics indicated the “C” category for any group. A DIF classification of “C” 
indicates that the item shows significant DIF and should be reviewed for potential content bias, 
differential validity, or other issues that may reduce item fairness. Items were reviewed by the Bias 
and Sensitivity Committee regardless of whether the DIF statistic favored the focal or the reference 
group. The details surrounding this review of items for bias is further described in Volume 2, Test 
Development, of this technical report.  

DIF analyses were conducted for all items to detect potential item bias from a statistical perspective 
across major ethnic and gender groups. DIF analyses were performed for the following groups: 

• Male/Female 
• White/African American 
• White/Hispanic 
• Not Student with Disability (SWD)/SWD 
• Not English Language Learner (ELL)/ELL 

A detailed description of the DIF analysis that was performed is presented in Volume 1, Section 
5.2, of the Benchmarks for Excellent Student Thinking 2022–2023 Technical Report. The DIF 
statistics for each test item are presented in the appendices of Volume 1 of the Benchmarks for 
Excellent Student Thinking 2022–2023 Technical Report. 

6.3   SUMMARY  

This volume, as well as other volumes of this technical report, is intended to provide a collection 
of reliability and validity evidence to support appropriate inferences from the observed test scores. 
In general, the validity evidence provides support to the primary claim that Florida assessment 
scores provide information reflecting what students know and can do in relation to the academic 
expectations defined in terms of academic content and achievement standards. 

The overall results of this volume can be summarized as follows: 

• Reliability. Appropriate measures of reliability are provided at the aggregate and subgroup 
levels, showing the reliability of all tests is in line with acceptable industry standards. 

• Content Validity. Evidence is provided to support the assertion that content coverage on 
each form was consistent with test specifications of the blueprint across testing modes. 
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• Internal Structural Validity. Evidence is provided to support the selection of the 
measurement model, the tenability of local independence, and the reporting of an overall 
score and subscores at the reporting category levels. 

• Comparability. Evidence is provided to support score comparability across forms over 
time and between online and accommodated forms, on different devices. 

• Test Fairness. Evidence is provided to support test fairness based on content alignment 
reviews and statistical analysis. 

Evidence of Reliability and Validity Florida Department of Education 94  



     

        

 
   

 

  
  

 

  
  

 
 

  
  

  

 

  
   

 

  
   

 

 

  

 
 

 

  
 

 

 

 

Florida B.E.S.T. 2022–2023 Technical Report: Volume 4 

7. REFERENCES 

American Educational Research Association (AERA), American Psychological Association 
(APA), and National Council on Measurement in Education (NCME). (2014). Standards 
for educational and psychological testing. 

Arthur, A., Kapoor, S., & Steedle, J. (2020, December). Paper and online testing mode 
comparability: A review of research from 2010–2020. ACT Research & Policy. 
https://www.act.org/content/dam/act/unsecured/documents/R1842-paper-online-testing-
modes-2020-12.pdf 

Bejar, I. I. (1980). Biased assessment of program impact due to psychometric artifacts. 
Psychological Bulletin, 87(3), 513–524. https://doi.org/10.1037/0033-2909.87.3.513 

Bentler, P. M. (1990). Comparative fit indexes in structural models. Psychological Bulletin, 
107(2), 238–246. https://doi.org/10.1037/0033-2909.107.2.238 

Bridgeman, B., Lennon, M. L., & Jackenthal, A. (2001). Effects of screen size, screen resolution, 
and display rate on computer‐based test performance (ETS Report No. RR‐01‐23). 
Educational Testing Service. 
https://www.researchgate.net/publication/248940593_Effects_of_Screen_Size_Screen_R 
esolution_and_Display_Rate_on_Computer-Based_Test_Performance 

Browne, M. W. (1984). Asymptotically distribution-free methods for the analysis of covariance 
structures. British Journal of Mathematical and Statistical Psychology, 37(1), 62–83. 
https://doi.org/10.1111/j.2044-8317.1984.tb00789.x 

Browne, M. W., & Cudeck, R. (1993). Alternative ways of assessing model fit. In K. A. Bollen 
& J. S. Long (Eds.), Testing structural equation models (pp. 136–162). Sage. 

Chen, F., Bollen, K. A., Paxton, P., Curran P. J., & Kirby, J. B. (2001). Improper solutions in 
structural equation models: Causes, consequences, and strategies. Sociological Methods 
& Research, 29(4), 468–508. https://doi.org/10.1177/0049124101029004003 

Chen, F. F. (2007). Sensitivity of goodness of fit indexes to lack of measurement invariance. 
Structural Equation Modeling: A Multidisciplinary Journal, 14(3), 464–504.  

Chen, W. H., & Thissen, D. (1997). Local dependence indexes for item pairs using item response 
theory. Journal of Educational and Behavioral Statistics, 22(3), 265–289. 

Cheung, G. W., & Rensvold, R. B. (2002). Evaluating goodness-of-fit indexes for testing 
measurement invariance. Structural Equation Modeling, 9(2), 233–255.  
https://asset-pdf.scinapse.io/prod/2089871805/2089871805.pdf 

Cohen, J. (1968). Weighted kappa: Nominal scale agreement provision for scaled disagreement 
or partial credit. Psychological Bulletin, 70(4), 213–220. 
https://doi.org/10.1037/h0026256 

Cronbach, L. J. (1990). Essentials of psychological testing (5th ed.), Harper & Row. 

Cronbach, L. J., & Meehl, P. E. (1955). Construct validity in psychological tests. 

Evidence of Reliability and Validity Florida Department of Education 95  

https://www.act.org/content/dam/act/unsecured/documents/R1842-paper-online-testing-modes-2020-12.pdf
https://psycnet.apa.org/doi/10.1037/0033-2909.87.3.513
https://psycnet.apa.org/doi/10.1037/0033-2909.107.2.238
https://www.researchgate.net/publication/248940593_Effects_of_Screen_Size_Screen_Resolution_and_Display_Rate_on_Computer-Based_Test_Performance
https://doi.org/10.1111/j.2044-8317.1984.tb00789.x
https://doi.org/10.1177%2F0049124101029004003
https://asset-pdf.scinapse.io/prod/2089871805/2089871805.pdf
https://psycnet.apa.org/doi/10.1037/h0026256


     
 
 

         

 

 
  

 

  
 

 

  
  

  

 
 

   
 

 

 
 

  
 

  
   

 

    
   

 

   
 

 

 
    

Florida B.E.S.T. 2022–2023 Technical Report: Volume 4 

Psychological Bulletin, 52(4), 281–302. 
https://conservancy.umn.edu/bitstream/handle/11299/184279/1_07_Cronbach.pdf?sequen 
ce 

Davis, L., Morrison, K., Kong, X., & McBride, Y. (2017). Disaggregated effects of device on 
score comparability. Educational Measurement: Issues and Practice, 36(3), 35–45. 
https://doi.org/10.1111/emip.12158 

Davis, L. L., Kong, X., & McBride, M. (2015, April). Device comparability of tablets and 
computers for assessment purposes [Paper presentation]. National Council on 
Measurement in Education annual meeting, Chicago, IL, United States. 
https://docs.acara.edu.au/resources/20150409_NCME_DeviceComparabilityofTablesCo 
mputers.pdf 

Davis, L. L., Kong, X., McBride, Y., & Morrison, K. (2016). Device comparability of tablets 
and computers for assessment purposes. Applied Measurement in Education, 
30(1), 16–26. https://doi.org/10.1080/08957347.2016.1243538 

Davis, L.L., Orr, A., Kong, X., & Lin, C. (2015). Assessing student writing on tablets. 
Educational Assessment, 20(3), 180–198. 
https://doi.org/10.1080/10627197.2015.1061426 

Davis, L. L., Strain‐Seymour, E., & Gay, H. (2013). Testing on tablets: Part II of a series of 
usability studies on the use of tablets for K–12 assessment programs [White paper]. 
Pearson. 

DePascale, C., Dadey, N., & Lyons, S. (2016). Score comparability across computerized 
assessment delivery devices. Council of Chief State School Officers. 
https://files.eric.ed.gov/fulltext/ED610777.pdf 

Florida Department of Education. (2015). Florida Standards Assessments 2014–2015 Technical 
Report. 

Guo, F. (2006). Expected classification accuracy using the latent distribution. Practical 
Assessment, Research & Evaluation, 11(6), 1–9. https://scholarworks.umass.edu/cgi 
/viewcontent.cgi?article=1192&context=pare 

Hu, L. T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: 
Conventional criteria versus new alternatives. Structural Equation Modeling: A 
Multidisciplinary Journal, 6(1), 1–55. 
http://expsylab.psych.uoa.gr/fileadmin/expsylab.psych.uoa.gr/uploads/papers/Hu_Bentler 
_1999.pdf 

Jöreskog, K. G. (1994). On the estimation of polychoric correlations and their asymptotic 
covariance matrix. Psychometrika, 59(3), 381–389. 

Kane, M. T. (2006). Validation. In R. L. Brennan (Ed.), Educational measurement (4th ed., pp. 
17–64). American Council on Education and Praeger Publishers. 

Keng, L., Kong, X. J., & Bleil, B. (2011). Does size matter? A study on the use of netbooks 
in K–12 assessment [Paper presentation]. American Educational Research Association 

Evidence of Reliability and Validity Florida Department of Education 96  

https://conservancy.umn.edu/bitstream/handle/11299/184279/1_07_Cronbach.pdf?sequence
https://doi.org/10.1111/emip.12158
https://docs.acara.edu.au/resources/20150409_NCME_DeviceComparabilityofTablesComputers.pdf
https://doi.org/10.1080/08957347.2016.1243538
https://doi.org/10.1080/10627197.2015.1061426
https://files.eric.ed.gov/fulltext/ED610777.pdf
http://expsylab.psych.uoa.gr/fileadmin/expsylab.psych.uoa.gr/uploads/papers/Hu_Bentler_1999.pdf
https://scholarworks.umass.edu/cgi/viewcontent.cgi?article=1192&context=pare


     
 
 

         

 

 
   

 

 
  

  
 

  
 

   
   

 

 
 

 

 
  

 

  
    

 

 

 

  

 

 

 
 

    
  

  
  

Florida B.E.S.T. 2022–2023 Technical Report: Volume 4 

annual meeting, New Orleans, LA, United States. 

Lee, W.-C., Hanson, B. A., & Brennan, R. L. (2002). Estimating consistency and accuracy 
indices for multiple classifications. Applied Psychological Measurement, 26(4), 412–432. 
https://doi.org/10.1177/014662102237797 

Linn, R. L., & Gronlund, N. E. (1995). Measurement and assessing in teaching (7th ed.). 
Prentice‐Hall Inc. 

Lord, F. M. (1980). Applications of item response theory to practical testing problems. Lawrence 
Erlbaum Associates. 

Messick, S. (1989). Validity. In R. L. Linn (Ed.), Educational Measurement (3rd ed., pp. 13– 
103). Macmillan. 

Millsap, R. E., & Cham, H. (2012). Investigating factorial invariance in longitudinal data. In B. 
Laursen, T. D. Little, & N. A. Card (Eds.), Handbook of developmental research methods 
(pp. 109–126). Guilford Press. 

Mislevy, J. L., Rupp, A. A., & Harring, J. R. (2012). Detecting local item dependence in 
polytomous adaptive data. Journal of Educational Measurement, 49(2), 127–147. 
http://www.jstor.org/stable/41653580 

Muthén, B. O. (1984). A general structural equation model with dichotomous, ordered 
categorical, and continuous latent variable indicators. Psychometrika, 49(1), 115–132. 
https ://doi.org/10.1007/BF02294210 

Muthén, B. O., du Toit, S. H. C., & Spisic, D. (1997). Robust inference using weighted least 
squares and quadratic estimating equations in latent variable modeling with categorical 
and continuous outcomes. Conditionally accepted for publication in Psychometrika. 
https://www.statmodel.com/download/Article_075.pdf 

Muthén, L. K., & Muthén, B. O. (2012). Mplus user’s guide, 7th Edition. 

New York State Education Department (2022). New York state testing program 2022: English 
language arts and mathematics grades 3–8. 
https://files.eric.ed.gov/fulltext/ED591458.pdf 

Olsen, J. B. (2014). Score comparability for web and iPad delivered adaptive tests [Paper 
presentation]. Council on Measurement in Education meeting, Philadelphia, PA, United 
States. 

Olsson, U. (1979). Maximum likelihood estimation of the polychoric correlation coefficient. 
Psychometrika, 44(4), 443–460. https://doi.org/10.1007/BF02296207 

Reboussin, B. A., & Liang, K. Y. (1998). An estimating equations approach for the LISCOMP 
model. Psychometrika, 63(2), 165–182. https://doi.org/10.1007/BF02294773 

Rudner, L. M. (2001). Computing the expected proportions of misclassified examinees. Practical 
Assessment, Research & Evaluation, 7(14). https://doi.org/10.7275/an9m-2035 

Evidence of Reliability and Validity Florida Department of Education 97  

https://doi.org/10.1177/014662102237797
http://www.jstor.org/stable/41653580
https://doi.org/10.1007/BF02294210
https://www.statmodel.com/download/Article_075.pdf
https://files.eric.ed.gov/fulltext/ED591458.pdf
https://doi.org/10.1007/BF02296207
https://doi.org/10.1007/BF02294773
https://doi.org/10.7275/an9m-2035


     
 
 

         

 
 

 
 

 

 

 
 

 
  

 
 

   
  

 
 

 

 
  

     

 
  

 
 

 

   
 

  

 
  

  

   
  

Florida B.E.S.T. 2022–2023 Technical Report: Volume 4 

Rudner, L. M. (2005) Expected classification accuracy. Practical Assessment, Research & 
Evaluation, 10(13), 1–4. https://doi.org/10.7275/56a5-6b14 

Sandene, B., Horkay, N., Bennett, R., Allen, N., Braswell, J., Kaplan, B., and Oranje, A. 
(2005). Online assessment in mathematics and writing: Reports from the NAEP 
Technology‐Based Assessment Project, Research and Development Series (NCES 2005– 
457). U.S. Department of Education, National Center for Education Statistics. U.S. 
Government Printing Office. 
http://nces.ed.gov/nationsreportcard/pdf/studies/2005457.pdf 

Shaftel, J., Benz, S., Boeth, E., Gahm, J., He, D, Loughran, J., Mellen, M. Meyer, E., Minor, E., 
& Overland, E. (2015). Accessibility for Technology-Enhanced Assessments (ATEA) 
report of project activities. University of Kansas. 

Steedle, J., McBride, M., Johnson, M., & Keng, L. (2016). PARCC spring 2015 digital devices 
comparability research study. https://files.eric.ed.gov/fulltext/ED599032.pdf 

Stone, E., Cook, L., Laitusis, C. C., & Cline, F. (2010). Using differential item functioning to 
investigate the impact of testing accommodations on an English-language arts assessment 
for students who are blind or visually impaired. Applied Measurement in Education, 
23(2), 132–152. https://doi.org/10.1080/08957341003673773 

Thompson, S. J., Johnstone, C. J., & Thurlow, M. L. (2002). Universal design applied to large 
scale assessments (Synthesis Report 44). University of Minnesota, National Center on 
Educational Outcomes. https://nceo.umn.edu/docs/onlinepubs/synth44.pdf 

van Driel, O. P. (1978). On various causes of improper solutions in maximum likelihood factor 
analysis. Psychometrika, 43(2), 225–243. https://doi.org/10.1007/BF02293865 

Way, W. D., Davis, L. L., Keng, L., & Strain‐Seymour, E. (2016). From standardization to 
personalization: The comparability of scores based on different testing conditions, modes, 
and devices. In F. Drasgow (Ed.), Technology in testing: Improving educational and 
psychological measurement (pp. 260–284). Routledge. 

Winter, P. (2010). Comparability and test variations. In P. Winter (Ed.), Evaluating the 
comparability of scores from achievement test variations (pp. 1–11). Council of Chief 
State School Officers. 

Yen, W. M. (1984). Effects of local item dependence on the fit and equating performance of the 
three-parameter logistic model. Applied Psychological Measurement, 8(2), 125–145. 
https://doi.org/10.1177/014662168400800201 

Yen, W. M. (1993). Scaling performance assessments: Strategies for managing local item 
dependence. Journal of Educational Measurement, 30(3), 187–213. 
https://doi.org/10.1111/j.1745-3984.1993.tb00423.x 

Zebehazy, K. T., Zigmond, N., & Zimmerman, G. J. (2012). Ability or access-ability: 
Differential item functioning of items on alternate performance-based assessment tests 
for students with visual impairments. Journal of Visual Impairment & Blindness, 106(6), 
325–338. https://doi.org/10.1177%2F0145482X1210600602 

Evidence of Reliability and Validity Florida Department of Education 98  

https://doi.org/10.7275/56a5-6b14
http://nces.ed.gov/nationsreportcard/pdf/studies/2005457.pdf
https://files.eric.ed.gov/fulltext/ED599032.pdf
https://doi.org/10.1080/08957341003673773
https://nceo.umn.edu/docs/onlinepubs/synth44.pdf
https://doi.org/10.1007/BF02293865
https://doi.org/10.1177/014662168400800201
https://doi.org/10.1111/j.1745-3984.1993.tb00423.x
https://doi.org/10.1177%2F0145482X1210600602

	State of Florida Benchmarks for  Excellent Student Thinking (B.E.S.T.) 2022–2023 Volume 4  Evidence of Reliability and Validity 
	ACKNOWLEDGMENTS  
	TABLE OF CONTENTS 
	LIST OF APPENDICES  
	LIST OF TABLES 
	LIST OF FIGURES 
	1.  INTRODUCTION AND OVERVIEW OF  RELIABILITY AND VALIDITY EVIDENCE   
	2.  PURPOSE OF  FAST  AND B.E.S.T.  
	3. RELIABILITY 
	3.1   MARGINAL  RELIABILITY 
	3.2   STANDARD ERROR OF  MEASUREMENT  
	3.3   RELIABILITY OF  ACHIEVEMENT  CLASSIFICATION  
	3.3.1  Classification Accuracy   
	3.3.2  Classification Consistency   

	3.4   PRECISION AT  CUT  SCORES   
	3.5   WRITING  PROMPTS INTER-RATER  RELIABILITY  
	3.6 WRITING PROMPTS SCORING DIMENSION CORRELATIONS 

	4.  VALIDITY  
	4.1   PERSPECTIVES ON TEST VALIDITY  
	4.1.1  Criterion Validity  
	4.1.2  Content and Curricular Validity   
	4.1.3  Construct Validity  

	4.2   VALIDITY  ARGUMENT  EVIDENCE FOR THE  FLORIDA ASSESSMENTS  
	4.2.1  Test Purpose  
	4.2.2  Evidence Based on Internal Structure  
	4.2.3   Correlations among Reporting Category Scores   

	4.3   CONVERGENT AND DISCRIMINANT  VALIDITY   
	4.3.1  Generalization Validity Evidence  
	4.3.2  Extrapolation  Validity Evidence   
	4.3.3  Implication Validity Evidence  
	Summary of Validity Evidence  


	5.  EVIDENCE OF  COMPARABILITY  
	5.1   MATCH-WITH-TEST BLUEPRINTS FOR BOTH CAT  AND ACCOMMODATED  TESTS  
	5.2   COMPARABILITY OF  TEST SCORES  OVER TIME  
	5.3   COMPARABILITY OF  ONLINE  AND ACCOMMODATED TESTS   
	5.4   COMPARABILITY OF  CONSTRUCTS  
	5.5  COMPARABILITY OF  SCORES  
	5.6  COMPARABILITY OF  TECHNICAL  PROPERTIES OF  SCORES  

	6. FAIRNESS AND ACCESSIBILITY 
	6.1   FAIRNESS IN CONTENT   
	6.2   STATISTICAL  FAIRNESS IN ITEM  STATISTICS   
	6.3   SUMMARY  

	7. REFERENCES 




