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Section I: Introduction 

PURPOSE 
The purpose of this report is to document the psychometric properties of the New York 

State Regents Examination in Algebra I (Common Core). In addition, this report 
documents the procedures used to analyze the results of the field test and to equate and 
scale the operational test forms.  

Section II: Field Test Analysis 

In May 2014, prospective items for the New York State Regents Examination in 
Algebra I (Common Core) were field tested. The results of this testing were used to 
evaluate item quality. Only items with acceptable statistical characteristics can be 
selected for use on operational tests. 

Representative student samples for participation in this testing were selected to mirror 
the demographics of the student population that is expected to take the operational test. 
The Need/Resource Capacity Categories in Table 1 were used as variables in the 
sampling plan. 

Table 1. Need/Resource Capacity Category Definitions 

Need/Resource Capacity (N/RC) 
Category Definition 

High N/RC Districts: New York City New York City 

Large Cities Buffalo, Rochester, Syracuse, Yonkers 

Urban/Suburban 
All districts at or above the 70th percentile on the index with at 
least 100 students per square mile or enrollment greater than 
2500 

Rural 
All districts at or above the 70th percentile on the index with fewer 
than 50 students per square mile or enrollment of fewer than 
2500 

Average N/RC Districts All districts between the 20th and 70th percentiles on the index 

Low N/RC Districts All districts below the 20th percentile on the index 

Charter Schools Each charter school is a district 

Prepared for NYSED by Pearson 1 



 

 

 

 

 
 

 
 

                                            
 
 

 

FILE PROCESSING AND DATA CLEANUP 
The Regents examinations utilize both multiple-choice (MC) and constructed-



 
 

 

 

 

 
 

 
  

All test scores are composed of both a true and an error component. For example, the 
choice of test items or administration conditions might influence student responses, 
making a student’s observed score higher or lower than the student’s true ability would 
warrant. This error component is random and uncorrelated with (i.e., unrelated to) the 
student’s true score. Across an infinitely large number of administrations, the mean of the 
error scores would be zero. Thus, the best estimate of a student’s true score for any test 
administration (or their expected score given their [unobservable] true level of ability or 
true score) is that student’s observed score. This expectation is expressed as follows: 

E(x) = t 

Item difficulties, point-biserial correlations, reliability estimates, and various statistics 
related to rater agreement have been calculated and are summarized in the following 
section. 

Item Difficulty  
Item difficulty is typically defined as the average of scores for a given item. For MC 

items, this value (commonly referred to as a p-value) ranges from 0 to 1. For CR items, 
this value ranges from 0 to the maximum possible score. In order to place all item means 
on a common metric (ranging from 0 to 1), CR item means were divided by the maximum 
points possible for the item.  

Item Discrimination  
Item discrimination is defined as the correlation between a score on a given test 

question and the overall raw test score. These correlations are Pearson correlation 
coefficients. For MC items, it is also known as the point-biserial correlation. 

Table 2 presents a summary of the classical item analysis for each of the field test 
forms. The first three columns from the left identify the form number, the number of 
students who took each form, and the number of items on each field test form, 
respectively. The remaining columns are divided into two sections (i.e., item difficulty and 
discrimination). Recall that for CR items, item means were divided by the maximum 
number of points possible in order to place them in the same metric as the MC items. 
There were no items with difficulties greater than 0.90; 30 items had correlations that were 
less than 0.25. In addition to the summary information provided in Table 2, further 
classical item statistics are provided in Appendix A. 

Prepared for NYSED by Pearson 3 





 

 

 

 
 
 

 
 

 
 

 

 

  

  

  

  

  

  

  

  

  

  

Test Reliability 
Reliability is the consistency of the results obtained from a measurement with respect 

to time or between items or subjects that constitute a test. As such, test reliability can be 
estimated in a variety of ways. Internal consistency indices are a measure of how 
consistently examinees respond to items within a test. Two factors influence estimates of 
internal consistency: (1) test length and (2) homogeneity of the items. In general, the more 
items on the examination, the higher the reliability; and the more similar the items, the 
higher the reliability. 

Table 3 contains the internal consistency statistics for each of the field test forms under 
the heading “Test Reliability.” These statistics ranged from 0.44 to 0.70. It should be noted 
that these FT forms were extremely short (8–10 items); operational tests are composed 
of more items and can be expected to have higher reliabilities than do these field test 
forms. 

Scoring Reliability 
One concern with CR items is the reliability of the scoring process (i.e., consistency 

of the score assignment). CR items must be read by scorers who assign scores based 
on a comparison between the rubric and student responses. Consistency between 
scorers is a critical part of the reliability of the assessment. To track scorer consistency, 
approximately 10% of the test booklets are scored a second time (these are termed 
“second read scores”) and compared to the original set of scores (also known as “first 
read scores”). 

As an overall measure of scoring reliability, the Pearson correlation coefficient 
between the first and second scores for all CR items with second read scores was 
computed for each form. This statistic is often used as an overall indicator of scoring 
reliability, and it generally ranges from 0 to 1. Table 3 contains these values in the column 
headed “Scoring Reliability.” They ranged from 0.70 to 0.95, indicating a high degree of 
reliability. 

Table 3. Test and Scoring Reliability 

Form Number Test Reliability Scoring Reliability 
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ability to be estimated on a common metric even if different sets of items are used (as 
with different test forms over different test administrations).  

The process of estimating IRT-based item parameters is referred to as “item 
calibration,” and the placing of these paramet



 

 

 
 
 

 

 

 
 
 

 

In the above equation, Px is the probability of achieving a score of x given an ability 
of ��; m is the number of achievable score points minus one (note that the subscript k runs 
from 0 to m); and Dk is the step parameter for step k. The steps are numbered from 0 to 
the number of achievable score points minus one, and step 0 (D0) is defined as being 



 

 

 

 

  

  

 

  

 

 

 

 

 

level of information at the ability level equal to their difficulty. Items with difficulties farther 
away from the cuts provide less information about students with abilities close to the cut 
scores (and, hence, are more susceptible to misclassification), but are still useful. In 
general, items should be selected for use based on their content, with their Rasch difficulty 
being only a secondary consideration. 

Item Fit Evaluation 
The INFIT statistic is used to assess how well items fit the Rasch model. Rasch theory 

models the probability of a student being able to answer an item correctly as a function 
of the student’s level of ability and the item’s difficulty, as stated previously. The Rasch 
model also assumes that items’ discriminations do not differ, and that the items are not 
susceptible to guessing. If these assumptions do not hold (if, for example, an item has an 
extremely high or low level of discrimination), then the item’s behavior will not be well 
modeled by Rasch IRT. Guidelines for interpretation of the INFIT statistic are taken from 
Linacre (2005)13.58d (m 1.sch IRTx -1in Tto)Tj4ch eve.ET 74.P <</MCID 2 >>B3C  /TT0 1 T1 0.0007.0031 Tw09 -2.155 T30(LinacTto)Tj4. CrTj riauessation .0001 Tc212.315 02d (s’te Mean-Sto 200valuStic are sET 74.P <</THCID 2 >>B4C  /TT0 1 Tc 0.007184.790.45 0 0 12 72 0 0 190.548 491.15evel statiT 74.P <</THCID 2 >>B5C  /TT0 m)8re



   

    
    
    
   
    
   
    
   
    
   
    
   
   
   
   
   
    
   
   
   
   
   
    
    
   
   
    
   
   
   
   
   
   
   
   
   
    
   
   
   



  
 

 

 

 
   

    
  

   
  

Rasch INFIT
N- No. ofForm �í2.0 to 0.5 to 1.5 toCount Items <�í2.0  >2.0 <0.5  >2.0 2.0 1.5 2.0 

For some forms, the item counts in the “Rasch” and “INFIT” columns may not sum to the value in the 
“No. of Items” column due to DNS (Do Not Score) items. 

DIFFERENTIAL ITEM FUNCTIONING 
Differential Item Functioning (DIF) occurs when members of a particular group have a 

different probability of success than members of another group who have the same level 
of ability for reasons unrelated to the academic skill or construct being measured. For 
example, items testing English grammar skills may be more difficult for LEP students as 
opposed to non-LEP students, but such differences are likely due to the fact that the item 
measures an academic skill related to English language proficiency. Such items would 
not be considered to be functioning differentially. 

The Mantel Chi-Square and Standardized Mean Difference 
The Mantel �$2 is a conditional mean comparison of the ordered response categories  

for reference and focal groups combined over values of the matching variable score. 
“Ordered” means that a response earning a score of “1” on an item is better than a 
response earning a score of “0” or “2” is better than “1,” and so on. “Conditional,” on the 
other hand, refers to the comparison of members from the two groups who received the 
same score on the matching variable, that is, the total test score in our analysis. 

Group Item Score Total 

Reference 
y1

nR1k

 y2 

nR2k 

… 
… 

yT 

nRtk  nR+k 

Focal 
Total 

nF1k

n+1k

 nF2k 

n+2k 

… 
… 

nFtk

n+tk

 nF+k 

n++k 

Figure 1. 2 × t Contingency Table at the k th of K Levels. 

Figure 1 (from Zwick, Donoghue, & Grima, 1993) shows a 2 × t contingency table at 
the kth of K levels, where t represents the number of response categories and k represents 
the number of levels of the matching variable. The values y1, y2 d (t)Tj /TT0 1 Tf -1.0022 Tc 08 4013.55 0 iesthe yk repres of the .05r0 Tw631.21 0 Tues 

tnFtk









 

 

 

 

 

 

 

 
 

 
 

 
 

                                            

The anchor form calibration began with all anchor item difficulty parameters fixed to 
their known values from the previous year. Because it is possible for item parameters to 
“drift” (shift their difficulties relative to one another), a stability check was integrated into 
the analysis. 

Winsteps provides an item level statistic, termed “displacement.” Linacre (2011, 
p. 545) describes this statistic as: 

…the size of the change in the parameter estimate that would be observed 
in the next estimation iteration if this parameter was free (unanchored) and 
all other parameter estimates were anchored at their current values. For a 
parameter (item or person) that is anchored in the main estimation, (the 
displacement value) indicates the size of disagreement between an 
estimate based on the current data and the anchor value. 

This statistic was used to identify items with difficulties that had shifted, relative to the 
difficulties of the other items on the form. After the intial calibration run, the Winsteps 
displacement values for all anchor form items were examined for absolute values greater 
than 0.30. If present, the item with the largest absolute displacement value was removed 
from anchored status, but remained on the test form. Its difficulty value was subsequently 
reestimated relative to the difficulties of the remaining anchored items. The Winsteps 
calibration was then rerun with the reduced anchor set, after which the displacement 
values were again checked for absolute values in excess of 0.30. If another was found, it 
was also removed from anchored status and the calibration rerun. This iterative procedure 
continued until all anchored items had displacements of 0.30 or less. Three items were 
identified as having drifted. In addition, 





 

   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

 



 

 

 

 
 

 
 

 

  

 

 

 

 

Section IV: Scaling of Operational Test Forms 

Operational test items were selected based on content coverage, content accuracy, 
and statistical quality. The sets of items on each operational test conformed to the 
coverage determined by content experts working from the learning standards established 
by the New York State Education Department and explicated in the test blueprint. Each 
item’s classical and Rasch statistics were used to assess item quality. Items were 
selected to vary in difficulty to accurately measure students’ abilities across the ability 
continuum. Appendix F contains the 2014 operational test maps for the August 
administrations. 

Algebra I Common Core Regents Examinations have four cut scores, which are set 
at the scale scores of 55, 65, 74 (floating) and 85. One of the primary considerations 
during test construction was to select items so as to minimize changes in the raw scores 
corresponding to these two scale scores. Maintaining a consistent mean Rasch difficulty 
level from administration to administration facilitates this. For this assessment, the target 
value for the mean Rasch difficulty was set at 0.076. It should be noted that the raw scores 
corresponding to the scale score cut scores may still fluctuate even if the mean Rasch 
difficulty level is maintained at the target value due to differences in the distributions of 
the Rasch difficulty values amongst the items from administration to administration.  

The relationship between raw and scale scores is explicated in the scoring tables for 
each administration. These tables can be found in Appendix G and cover the August 
administration. This table is the end product of the following scaling procedure. 

All Regents examinations are equated back to a base scale that is held constant from 
year to year. Specifically, they are equated to the base scale through the use of a 
calibrated item pool. The Rasch difficulties from the items’ initial administration in a 
previous year’s field test are used to equate the scale for the current administration to the 
base administration. For this examination, the base administration was the June 2014 
administration. Scale scores from the August 2014 administration are on the same scale 
and can be directly compared to the scale scores on the June 2014 administration. 

When the base administration was concluded, the initial raw score to scale score 
relationship was established. Three raw scores were fixed at specific scale scores. Scale 
scores of 0 and 100 were fixed to correspond 
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A p p e n d i x  A :  C l a s s i c a l  I t e m A n a lysis I n  t h  1 . o l l o w i n g  t a b l e ,  “ M a x ”  i s  t h  1 m a x im u m  n u m b e r  o f  p o s s i b l e  p o i n t s.  “ N - C o u n t ”  r e f e r s  t o  t h  1

n u m b e r  o f  s t u d e n t  r e c o r d s 1i n  t h  1 a n a l ys i s.  “ A l p h a ”  c o n t a i n s  Cronbach’s Coefficient 

� .

 ( s i n c e  t h i s  i s  a  test [form] level 

s t a t i s t i c ,  i t  h a s  t h   s a m e  v a l u  1 . o r  a l l  i t e m s  w i t h i n  e a c h  f o r m ) .  F o r  M C  i t e m s ,

 “ B ”  r e p r e s e n t s  t h  1 p r o p o r t i

o n  o f  s t u d e n t s  w h o  l e f t  t h  1

i t e m  b l a n k , 1 a n d  “ M 1 ”  t h r o u g h 1“ M 6 ”  a r e  t h  1 p r o p o r t i o n s  o f  s t u d e n t s  w h o  s e l e c t e d  e a c h  o f  t h  1 . o u r 1 a n s w e r  c h o i c e

s .  F o r  C R  i t e m s ,  “ B ”  r e p r e s e n t s  t h  1

p r o p o r t i o n  o f  s t u d e n t s  w h o  l e f t  t h  1 i t e m  b l

e  t h  1 p r o p o r t i o n s  o f  s t u d e n t s  w h o  r e c e i v e d  s c o r e s  

o f 6 0 1 t h r o u g h 1 6 .  “ M e a n ”  i s t h  1 a v e r a g e  o f  t h  1scores receive d  b y  t h  1 s t u d e n t s .  T h  1 . i n a l  ( r ig h t )  c o l u m n  c o n t a i n s  t h  1 P o i n t -

B i s e r i a l  c o r r e l a t i o n  f o r  e a c h  i t e m .  T h  r  1 m a y  b  1 s o m e  i n s t a n c e s 1

o f 6 i t e m s  w i t h  m i s s i n g  s t a t i s t i c s ;  t h i s  o c c u r s  w h e n 1 a n 1 i t e m  

w a s  n o t 1 s c o r e d . 1

T e s t 1 F o r m 1

T y p e  

I t e m  

M a x  N -

C o u n t  Alpha 

B M0 M1 

M2 M3 M4 M5 

M6 Mean 

Point-

B i s e r i a l  

2 0 1 4 _ A 1 C C  1 0 1  

M C  

0 1  1  5 8 0  8 5 . 0  8 5 0 1  8563 8515

6.2666.205 8563 
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Test Form Type Item Max N-Count RID S1 S2 S3 S4 S5 S6 INFIT 

2014_A1CC 125 MC 06 1 566 0.6234 0.95 

2014_A1CC 125 MC 07 1 566 0.3131 1.04 

2014_A1CC 125 CR 08 2 566 0.9704 �í0.1085 0.1085 0.85 

2014_A1CC 125 CR 09 2 566 0.2244 0.3528 �í0.3528 0.81 

2014_A1CC 125 CR 10 4 566 1.2612 �í0.2029 �í0.4192 �í0.3428 0.9649 0.85 

2014_A1CC 126 MC 01 1 565 �í0.6206 0.96 

2014_A1CC 126 MC 02 1 565 �í0.3118 MC 

MC 1 565 02 









 

  

           

          

           

         

         

           

           

           

          

           

           

           

         

         

  









   
       

       

     

      

      

     

      

     

       

       

     

       

     

      

     

      

     

     

       

       

       

       

      

     

      

      

      

      

       

       

       

       

   

      

      

     

      

     

       

Test Form Type Item MH Delta MH Chi-Sq Effect Size DIF 
Category 

Favored 
Group 

2014_A1CC 111 CR 09 0.41 �í0.06 

2014_A1CC 111 CR 10 0.00 0.00 

2014_A1CC 112 MC 01 0.03 0.00 0.03 

2014_A1CC 112 MC 02 �í0.49 1.04 �í0.06 

2014_A1CC 112 MC 03 �í0.74 0.99 �í0.08 

2014_A1CC 112 MC 04 0.38 0.63 0.08 

2014_A1CC 112 MC 05 �í0.32 0.40 �í0.06 

2014_A1CC 112 MC 06 0.12 0.07 0.03 

2014_A1CC 112 CR 07 0.83 �í0.04 

2014_A1CC 112 CR 08 1.12 �í0.07 

2014_A1CC 112 CR 09 7.38 0.18 BB F 0.07 0.587 0 Td (0.07 )Tj EMC  ID 68 >>BDC  /C2_0 005 Tc 1.7945 Tw -33.569 -.07 
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A
ppendix G

: S
coring T

ables A
ugust 2014 R

aw
 S

core 

A
bility 

S
cale 

S
core 0 

�í50179
.0.000 

1 
�í4.752

.4.091 
2 

�í4.025
.8.067 

3 
�í3.586

.11.805 
4 

�í3.266
.15.382 

5 
�í3.010

.188.57 
6 

�í2.795
.22.131 

7 
�í2.609

.25.289 
8 

�í2.444
.28.312 

9 
�í2.295

.39.599 

10 
�í2.158

.337949 

11 
�í2.033

.336658 

12 
�í1.916

.39.028 

13 
�í1.807

.41.365 

14 
�í1.704

.43.574 

15 
�í1.607

.45.656 

16 
�í1.515

.47.599 

17 
�í1.427

.49.421 

18 
�í1.344

.59.534 

19 
�í1.265

.52.734 

20 
�í9.589

.54.221 

21 
�í9.516

.55.606 

22 
�í1.046

.56.900 

23 
�í0.978

.58.103 

R
aw

 

S
core 

A
bility 

S
cale 

S
core 

24 
�í0.913

.59.215 

25 
�í0.850

.60.244 

26 
�í0.790

.61.203 

27 
�í0.731

.62.098 

28 
�í0.674

.62.921 

29 
�í0.619

.634 
85 

30 
�í0.565

.64.386 

31 
�í0.513

.65.042 

32 
�í0.461

.65.644 

33 
�í0.411

.66.199 
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