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Technical Description of the Equating/Linking Methods 

Used to Establish Concordance Between the CAHSEE and the CSTs
Introduction 
At the July 2010 State Board of Education (SBE) meeting, the State Superintendent of Public Instruction (SSPI) recommended a pilot study consisting of a two-tier approach that would provide the opportunity for eligible students with disabilities (SWDs) to demonstrate academic achievement of the content standards required for passage of the California High School Exit Examination (CAHSEE). The SBE approved the Tier I process proposed by the SSPI, which consists of a state-level screening of eligible SWDs’ Standardized Testing and Reporting (STAR) Program scale scores. For example, California Standards Test (CST) English-language arts (ELA) scores for grades nine and ten could be the screen for the ELA portion of the CAHSEE and CST Algebra I scores could be the screen for the mathematics portion of the CAHSEE. The minimum threshold for meeting the CAHSEE requirement would be a CST scale score for grades nine and/or ten in ELA and Algebra I that is equivalent to the passing score on the CAHSEE (i.e., 350).

To determine CST scores comparable to a passing score on the CAHSEE, three statistical analyses or linking studies were conducted to establish concordance between the two tests. In comparing tests, the primary consideration is the content on which the test items are based. When two different versions of a test based on the same content and overall difficulty are produced, the tests are said to be equated. This is the procedure applied to ensure that the CSTs are of the same difficulty from year to year for a given subject and grade. There is a very strong link between the assessments because the content is tightly linked and the assessments are constructed to the same blueprints and item specifications.

In the case of comparing CAHSEE performance to performance on the CSTs, the link is not as strong. These two tests do not share common blueprints or item specifications. Establishing a link between two tests that measure similar content, but are not formally equated, is known as establishing a concordance between the two tests. The more similar the content and design of the two tests, the stronger the link. For these analyses it can tentatively be assumed that the CAHSEE and CST ELA tests are measuring comparable content. This assumption cannot be made with as much assurance with regard to CAHSEE mathematics and CST Algebra I. The CAHSEE mathematics test is approximately 80 percent general mathematics covering mathematics content through grade seven. The remaining 20 percent of the test covers algebra. Because completion of Algebra I is a requirement for graduation from a California high school, the CST Algebra I test is a logical candidate for comparison. For the purpose of screening mathematics achievement as envisioned in Tier I, the CST Algebra I test would be a very useful means of identifying students with a high probability of passing the mathematics portion of the CAHSEE.

In all cases, the studies that follow used matched scores of grade ten students on the 2009 census administrations of the CAHSEE with the various CST tests (grade nine and ten CST ELA, and grade eight, nine, and ten CST Algebra I) to establish a linkage between the  tests. There are some important differences between the CAHSEE and the CSTs that should be considered when interpreting the results of the study. The first is that the time frame in which the assessments are taken can differ significantly. In the case of the grade ten ELA scores, the time difference is the shortest; the longest intervening time span is for a student that took the CST Algebra I in grade eight. 

A second difference is related to student motivation on the two assessments. It is generally accepted that motivation to do well on the CAHSEE is for many students higher than their motivation to do well on the CSTs. 

Methods

Three methodologies were used:
1. The first approach, equipercentile equating, uses the percentile of student performance corresponding to a passing score on the CAHSEE to determine the scale score for the same percentile on the CST. The CST scale score that has a percentile rank equivalent to the percentile rank of a CAHSEE scale score of 350 is the CST scale score that is roughly equivalent to the passing score on the CAHSEE.

2. The second approach, empirical regression, calculates the mean (or median) scale score for each of the CAHSEE scale scores. The mean and median scale scores on the CST for students achieving a 350 on the CAHSEE were determined based on linked scores. Because either extremely low or extremely high CST scores have less influence on the median CST scale score, it was selected over the mean. 

3. The third approach, common student equating, uses the same techniques employed to equate tests from year-to-year (i.e., Item Response Theory, or “IRT”) to insure equivalent passing scores. A direct link was made between the passing score for the CAHSEE and student performance on the CSTs.

Source Data  

For ELA, two files were created. In one file, grade ten students who took the census ELA portion of the CAHSEE in 2009 were matched to their 2009 grade ten CST ELA results by County/District/School (CDS) code, Statewide Student Identifier (SSID), and birth date. In a second file, these same CAHSEE students were matched to their 2008 grade nine CST ELA results by CDS code, SSID, and birth date. 
For mathematics, four files were created. In one file, grade ten students who took the census mathematics portion of the CAHSEE in 2009 were matched to their 2009 grade ten CST Algebra I results by SSID, and birth date. In a second file, these same CAHSEE students were matched to their 2008 grade nine CST Algebra I results by SSID, and birth date. In a third file, these same CAHSEE students were matched to their 2007 grade eight CST Algebra I results by SSID, and birth date. The fourth file was created by merging the three files by SSID and birth date. Since CST Algebra I tests are equated each year (i.e., the tests are on the same scale), merging files that have tests from three different years seems acceptable. This merge did result in some students having more than one score for the CST Algebra I test. The most recent test score was used as the default for the merged file. 
The number and percent of students matched for the various assessments are shown in Table 1.

Table 1. Student Counts and Percent Matched for the CAHSEE Census Administrations of 2009 with Selected CST Assessments

	Assessment
	No. of Students
	Percent

	CAHSEE ELA, 2009 Census Administration
	478,113
	100.0%

	Grade 10 CST ELA Matched
	424,485
	89.0%

	Grade 9 CST ELA Matched
	436,135
	91.5%

	
	
	

	CAHSEE Mathematics, 2009 Census Administration
	475,464
	100.0%

	Grade 10 CST Algebra I Matched
	109,697
	23.1%

	Grade 9 CST Algebra I Matched
	227,291
	47.9%

	Grade 8 CST Algebra I Matched
	205,064
	43.2%

	Grade 8 – 10 CST Algebra I Matched*
	389,031
	82.0%


* Some students took the CST Algebra I in more than one grade. Student count is for the most recent CST Algebra I score.

Equipercentile Equating Results 

Percentile ranks were calculated for each CAHSEE scale score and for each CST scale score. Percentile ranks were calculated by:
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where PR equals percentile rank, R equals rank, and n equals the total number of students. 
Results are displayed in a series of tables showing the CST score that is equivalent to the passing score on CAHSEE (i.e., 350). 
For ELA, the CST scores equivalent to CAHSEE passing were determined by finding the scale score which most closely approximated the percentile rank of 350 on the on the 2009 census administration of the CAHSEE. The percentile rank of the passing score was determined separately for each of the CST ELA assessments. For the sample of students matched with grade ten (2009) CST ELA scores, the corresponding percentile rank was 19.19. For those matched with grade nine (2008) CST ELA scores, the equivalent percentile rank was 18.84. Tables 2 and 3 present the ELA results with the matching percentile rank and approximate associated scale scores.

For the 2009 grade ten CST ELA, the scale score corresponding to a 350 on the CAHSEE was 284. The corresponding score on the grade nine CST ELA was 297. Both scores are below the cut score required to reach the CST basic performance level of 300. 

Table 2. Grade Ten CAHSEE Students Matched to Grade Ten CST in ELA

	CAHSEE ELA 2009
	CST ELA 2009

	Scale Score
	Percentile Rank
	Scale Score
	Percentile Rank

	350
	19.19
	284
	19.02


Table 3. Grade Ten CAHSEE Students Matched to Grade Nine CST in ELA
	CAHSEE ELA 2009
	CST ELA 2008

	Scale Score
	Percentile Rank
	Scale Score
	Percentile Rank

	350
	18.84
	297
	19.29


Because students taking the census administration of the CAHSEE in 2009 could have taken the CST Algebra I assessment in grades eight, nine, and/or ten, separate analyses were conducted for each grade. Tables 4, 5, and 6 report the results of the equipercentile equating for each grade. Table 7 presents results based on a student’s most recent score on the CST Algebra I assessment, regardless of grade.
Table 4. Grade Ten CAHSEE Students Matched to Grade Ten CST in Algebra I
	CAHSEE Mathematics 2009
	CST Algebra I 2009

	Scale Score
	Percentile Rank
	Scale Score
	Percentile Rank

	350
	34.90
	269
	36.27


Table 5. Grade Ten CAHSEE Students Matched to Grade Nine CST in Algebra I

	CAHSEE Mathematics 2009
	CST Algebra I 2008

	Scale Score
	Percentile Rank
	Scale Score
	Percentile Rank

	350
	19.92
	265
	22.18


Table 6. Grade Ten CAHSEE Students Matched to Grade Eight CST in Algebra I
	CAHSEE Mathematics 2009
	CST Algebra I 2007

	Scale Score
	Percentile Rank
	Scale Score
	Percentile Rank

	350
	9.01
	263
	10.69


Table 7. Grade Ten CAHSEE Students Matched to Grades Eight through Ten CST 
in Algebra I
	CAHSEE Mathematics 2009
	CST Algebra I 

	Scale Score
	Percentile Rank
	Scale Score
	Percentile Rank

	350
	17.35
	265
	17.71


For mathematics, the CST Algebra I scores equivalent to a CAHSEE passing score based on equipercentile equating varied depending on the grade in which students took Algebra I. In all cases the concordant score was below that for the basic level (300). 

Empirical Regression Results
While linear regression could be used to estimate comparable scores, it is more precise to use empirical regression when the relationship between the tests is known to be non-linear. The mean, median, and frequency distribution of CST scale scores was calculated for students who received a 350 on CAHSEE.

Tables 8 and 9 present the ELA empirical regression estimates of CST concordant scores. These were found to be 307 and 297 respectively for the grade nine and grade ten CSTs in ELA. These values are slightly higher than those estimated using equipercentile equating. 
Table 8. Grade Ten CAHSEE Students Matched to Grade Nine CST in ELA
	CAHSEE ELA 2009
	CST ELA 2008

	Scale Score
	No. of Students
	Mean Scale Score
	Median Scale Score

	350
	4,394
	305
	307


Table 9. Grade Ten CAHSEE Students Matched to Grade Ten CST in ELA
	CAHSEE ELA 2009
	CST ELA 2009

	Scale Score
	No. of Students
	Mean Scale Score
	Median Scale Score

	350
	4,619
	295
	297


In mathematics, the concordant CST Algebra I score was estimated separately for each grade, and then for the most recent CST Algebra I score. The results are presented in Tables 10 through 13.
Table 10. Grade Ten CAHSEE Students Matched to Grade Ten CST in Algebra I
	CAHSEE Math 2009
	CST Algebra I 2009

	Scale Score
	No. of Students
	Mean Scale Score
	Median Scale Score

	350
	1,942
	275
	274


Table 11. Grade Ten CAHSEE Students Matched to Grade Nine CST in Algebra I

	CAHSEE Math 2009
	CST Algebra I 2008

	Scale Score
	No. of Students
	Mean Scale Score
	Median Scale Score

	350
	2,815
	273
	270


Table 12. Grade Ten CAHSEE Students Matched to Grade Eight CST in Algebra I

	CAHSEE Math 2009
	CST Algebra I 2007

	Scale Score
	No. of Students
	Mean Scale Score
	Median Scale Score

	350
	1,366 
	273
	273


Table 13. Grade Ten CAHSEE Students Matched to Grade Eight through Ten CST 
in Algebra I
	CAHSEE Math 2009
	CST Algebra I

	Scale Score
	No. of Students
	Mean Scale Score
	Median Scale Score

	350
	3,787
	277
	275


The results of the mathematics empirical regression analyses are slightly higher than those estimated using the equipercentile equating method. 
Common Student Equating Results
This analysis used a procedure known as common person linking to place performance on the tests to be compared on the same scale. This procedure makes the assumption that the level of achievement of the student is constant, and can be used to equate the two tests. Typically, equating is done not using common students, but rather using common items that link the two tests. In this case, there are no linking items, so persons taking both tests serve as the link.  

For example, the 2008 grade nine ELA test was taken by all students. A year later, these students, now in grade ten, took the CAHSEE in the census administrations (February, March, and May of 2009), along with the grade ten CST ELA. Although these students only took the CAHSEE once, their common grade nine and ten CST ELA tests served as anchors for each of the three CAHSEE tests, allowing all items to be placed on the same metric as each CST test. Thus, a direct link could be made between the passing score for each of the three CAHSEE census forms and their corresponding CSTs. This same rationale holds for the mathematics tests.

The results of the common person linking procedure for ELA are presented in Tables 14 and 15.  
Table 14. Grade Ten CST ELA Equivalent CAHSEE Cut Scores
	
	Feb. 2009
	Mar. 2009
	May 2009

	No. of Students
	24,514
	28,213
	3,514

	Sample (Percent)
	0.200
	0.100
	1.000

	Item mean
	-1.612
	-1.523
	-1.530

	Theta mean
	-1.529
	-1.451
	-1.476

	Raw score
	33
	34
	36

	Scale score
	288
	291
	297


Table 15. Grade Nine CST ELA Equivalent CAHSEE Cut Scores

	
	Feb. 2009
	Mar. 2009
	May 2009

	No. of Students
	24,514
	28,213
	3,514

	Sample (Percent)
	0.200
	0.100
	1.000

	Item mean
	-1.608
	-1.537
	-1.452

	Theta mean
	-1.464
	-1.462
	-1.341

	Raw score
	32
	32
	35

	Scale score
	301
	301
	311


Table 16. Grade Ten CST Algebra I Equivalent CAHSEE Cut Scores

	
	Feb. 2009
	Mar. 2009
	May 2009

	No. of Students
	25941
	29224
	917

	Sample (Percent)
	1.000
	0.5
	1.000

	Item mean
	-0.559
	-0.497
	-0.354

	Theta mean
	-0.560
	-0.496
	-0.354

	Raw score
	21
	21
	23

	Scale score
	269
	269
	279


Table 17. Grade Nine CST Algebra I Equivalent CAHSEE Cut Scores

	
	Feb. 2009
	Mar. 2009
	May 2009

	No. of Students
	18,062
	21,438
	1,434

	Sample (Percent)
	0.333
	0.167
	1.000

	Item mean
	-1.017
	-0.994
	-0.765

	Theta mean
	-1.018
	-0.994
	-0.765

	Raw score
	19
	19
	21

	Scale score
	259
	259
	270


Table 18. Grade Eight CST Algebra I Equivalent CAHSEE Cut Scores

	
	Feb. 2009
	Mar. 2009
	May 2009

	No. of Students
	18,817
	21,463
	1,074

	Sample (Percent)
	0.333
	0.167
	1.000

	Item mean
	-1.758
	-1.752
	-1.426

	Theta mean
	-1.758
	-1.752
	-1.426

	Raw score
	16
	16
	20

	Scale score
	239
	239
	263


In almost every case examined the process produced nearly identical concordant passing scores on the CST. The one exception was the grade ten CST ELA which exhibited a discrepancy of three points across the two administrations. These values of the various CST concordant passing scores are very similar to those obtained by the equipercentile equating and empirical regression analyses.
Discussion

Table 19 presents the results of the three linking methods. The equipercentile equating and empirical regression results for the Algebra I CST are for the most recent CST regardless of grade. For the common student linking method, a weighted average of the results for the three equating samples was calculated for comparison purposes.

Table 19. Comparison of the Results of the Three Linking Methods

	
	Statistical Analyses

	Assessment
	Equipercentile  Equating
	Empirical Regression
	Common Student Equating*

	
	Score
	Percentile
	Score
	Score

	CST ELA Grade Nine
	297
	19.3
	307
	301

	CST ELA Grade Ten
	284
	19.0
	297
	290

	Algebra I
	265
	17.7
	275
	257


* Weighted average of students in the common student equating samples

The level of performance on the CST ELA that corresponded to a passing score on the ELA portion of the CAHSEE was in all cases within ten points of the cut score for the basic performance level (300). The estimated concordant passing scores for the CST Algebra I were all at the below basic performance level. 
To estimate the proportion of eligible students that would be likely to meet the CAHSEE requirement using CST scores, a sample of SWDs provided by the Human Resources Research Organization (HumRRO), was analyzed. This data set included SWDs in the Class of 2009 who had an individualized education program (IEP) plan and have failed to pass the CAHSEE multiple times, including once during grade twelve. This data set was developed as part of work conducted under contract by the CDE to analyze the recommendations of the Assembly Bill (AB) 2040 panel. 
The scale score of 300 was applied to the data provided to the CDE by HumRRO to determine the number of AB 2040 eligible students who would be able to satisfy the CAHSEE requirement based on their achievement on the grade nine or grade ten CST ELA or Algebra I assessments. The number of students in this data set was reported to be approximately 19,000 students when presented to the SBE as part of the July agenda item on CAHSEE alternate means. The file received by the CDE had been updated by HumRRO and contained a total of 20,010 students. 

Table 20 shows the number of students that fell into each of four groups for analysis: 1) Those who had passed the ELA portion of the CAHSEE, but had not passed the mathematics portion; 2) those who had passed the mathematics portion, but not ELA, and had matching grade nine CST ELA scores; 3) those who passed the mathematics portion, but not ELA, and had matching grade ten CST ELA scores; and 4) those students who had passed neither the CAHSEE ELA or mathematics assessment.
Table 20. Numbers of Eligible SWDs in the Class of 2009 with Matched Scores on the CST Algebra I, CST ELA grade 9, and CST ELA grade 10 scores.

	Group
	No. of Students

	Passed CAHSEE ELA, but not Math
	4,489

	Passed CAHSEE Math, but not ELA, Matched to CST ELA Grade 9
	4,410

	Passed CAHSEE Math, but not ELA, Matched to CST ELA Grade 10
	 4,433

	Passed Neither CAHSEE ELA or CAHSEE Math
	         11,088


Table 21 shows the outcomes for students in the HummRRO data set applying the performance level of 300. For those students who had passed the CAHSEE ELA 64 were found to have a CST Algebra I score of 300 or more and would therefore be able to satisfy the CAHSEE Requirement. 

Table 21. Estimated Number of Eligible SWDs in the Class of 2009 who did not Satisfy the CAHSEE requirement but Achieved Basic (300) on the CSTs.
	
	Passed CAHSEE ELA but not Math
	Passed CAHSEE Math but not ELA
	Passed Neither CAHSEE ELA or CAHSEE Math
	Total

	Students Passing Based on CST Algebra and/or Grade 9 CST ELA
	64
	233

	10
	307

	Students Passing Based on CST Algebra and/or Grade 10 CST ELA
	64
	 73
	7

	144

	Students Passing Based on CST Algebra and/or Grade 9/10 CST ELA
	 64
	286
	15
	365


Of the students who did not pass the ELA portion of the CAHSEE, 233 would be able to satisfy the CAHSEE requirement based on their grade nine ELA score. Using only grade ten CST ELA scores, 73 met the CAHSEE requirement. Twenty of these students would have passed using either their grade nine or ten CST ELA score.

There were a total of 11,088 students who had not passed either portion of the CAHSEE. Of these students, ten were found to have a score of 300 or more on both the CST Algebra I and grade nine CST ELA assessments. 

Using Algebra I and the grade ten CST ELA assessment, seven students met the CAHSEE requirement. If both the grade nine and grade ten CST ELA scores were considered, a total of 15 students would meet the CAHSEE requirement. There were two students in this group that scored over 300 on both CST ELA assessments.
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