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5.4 EVIDENCE BASED ON RELATIONS TO OTHER VARIABLES 
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1.3 TARGET POPULATION (STANDARD 7.2) 

The examinee population for the Regents Examination in Physical Setting/Earth Science is 
composed of students who have completed a course in Earth Science.  

 
Table 1 provides a demographic breakdown of all students who took the August 2015, 

January 2016, and June 2016 Regents Examination in Physical Setting/Earth Science. All 
analyses in this report are based on the population described in Table 1. Annual Regents 
Exam
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�&�K�D�S�W�H�U���������&�O�D�V�V�L�F�D�O���,�W�H�P���6�W�D�W�L�V�W�L�F�V�����6�W�D�Q�G�D�U�G������������ 
This chapter provides an overview of the two most familiar item-level statistics obtained 

from classical item analysis: item difficulty and item discrimination. The following results pertain 
only to the operational Regents Examination in Physical Setting/Earth Science items.  

2.1 ITEM DIFFICULTY 

�$�W���W�K�H���P�R�V�W���J�H�Q�H�U�D�O���O�H�Y�H�O�����D�Q���L�W�H�P�¶�V���G�L�I�I�L�F�X�O�W�\���L�V���L�Q�G�L�F�D�W�H�G���E�\���L�W�V���P�H�D�Q���V�F�R�U�H���L�Q���V�R�P�H���V�S�H�F�L�I�L�H�G��
group (e.g., grade level). 
 

 
 
In the mean score formula above, the individual item scores (xi) are summed and then 

divided by the total number of students (n). For multiple-choice (MC) items, student scores are 
represented by 0s and 1s (0 = wrong, 1 = right). With 0�±1 scoring, the equation above also 
represents the number of students correctly answering the item divided by the total number of 
students. Therefore, this is also the proportion correct for the item, or the p-value. In theory, p-
values can range from 0.00 to 1.00 on the proportion-correct scale.2 For example, if an MC 
item has a p-value of 0.89, it means that 89 percent of the students answered the item correctly. 
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Table 3 
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2.3 DISCRIMINATION ON DIFFICULTY SCATTER PLOTS 

Figure 1 shows a scatter plot of item discrimination values (y-axis) and item difficulty values 
(x-axis). The distributions of p-value and point-biserials, including mean, minimum, Q1, median, 
Q3, and maximum, are also presented in Table 4.  

 
 

 

Figure 1 Scatter Plot: Regents Examination in Physical Setting/Earth Science  
 

Table 4 Descriptive Statistics in p-value and Point-Biserial Correlation: Regents 
Examination in Physical Setting/Earth Science 
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�&�K�D�S�W�H�U���������,�5�7���&�D�O�L�E�U�D�W�L�R�Q�V�����(�T�X�D�W�L�Q�J�����D�Q�G���6�F�D�O�L�Q�J��
���6�W�D�Q�G�D�U�G�V���������D�Q�G���������������� 

The item response theory (IRT) model used for the Regents Examination in Physical 
Setting/Earth Science is based on the work of Georg Rasch (Rasch, 1960). The Rasch model 
has a long-standing presence in applied testing programs. IRT has several advantages over 
classical test theory, and has become the standard procedure for analyzing item response data 
in large-scale assessments. According to van der L�L�Q�G�H�Q���D�Q�G���+�D�P�E�O�H�W�R�Q�������������������³�7�K�H���F�H�Q�W�U�D�O��
feature of IRT is the specification of a mathematical function relating the probability of an 
�H�[�D�P�L�Q�H�H�¶�V���U�H�V�S�R�Q�V�H���R�Q���D���W�H�V�W���L�W�H�P���W�R���D�Q���X�Q�G�H�U�O�\�L�Q�J���D�E�L�O�L�W�\���´���$�E�L�O�L�W�\���L�Q���W�K�L�V���V�H�Q�V�H���F�D�Q���E�H���W�K�R�X�J�K�W��
�R�I���D�V���S�H�U�I�R�U�P�D�Q�F�H���R�Q���W�K�H���W�H�V�W���D�Q�G���L�V���G�H�I�L�Q�H�G���D�V���³�W�K�H���H�[�S�H�F�W�H�G���Y�D�O�X�H���R�I���R�E�V�H�U�Y�H�G���S�H�U�I�R�U�P�D�Q�F�H��
�R�Q���W�K�H���W�H�V�W���R�I���L�Q�W�H�U�H�V�W�´�����+�D�P�E�O�H�W�R�Q�����6�Z�D�P�L�Q�D�W�K�D�Q�����D�Q�G���5�R�J�H�U������������������

v
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The Rasch model places both performance and item difficulty (estimated in terms of log-
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This process results in a relationship between the raw scores on the form and the overall 
scale scores. The scale scores corresponding to each raw score are then rounded to the 
nearest integer for reporting on the conversion chart (posted at the close of each 
administration). The only exceptions are for the minimum and maximum raw scores and the 
raw scores that correspond to the scaled cut scores of 55, 65, and 85. 

 
The minimum (zero) and maximum possible raw scores are assigned scale scores of 0 and 

100, respectively. In the event that there are raw scores less than the maximum with scale 
scores that round to 100, their scale scores are set equal to 99. A similar process is followed 
with the minimum score; if any raw scores other than zero have scale scores that round to zero, 
their scale scores are instead set equal to one.  

 
With regard to the cuts, if two or more scale scores round to 55, 65, or 85, the lowest raw 

�V�F�R�U�H�¶�V�� �V�F�D�O�H�� �V�F�R�U�H�� �L�V�� �V�H�W�� �H�T�X�D�O�� �W�R�� �������� �������� �R�U�� ������ �D�Q�G�� �W�K�H�� �V�F�D�O�H�� �V�F�R�U�H�V�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J�� �W�R�� �W�K�H��
higher raw scores are set to 56, 66, or 86 as appropriate. If no scale score rounds to these 
critical cuts, then the raw score with the largest scale score that is less than the cut is set equal 
to the cut. The overarching principle when two raw scores both round to either scale score cut 
is that the lower of the raw scores is always assigned to be equal to the cut so that students 
are never penalized for this ambiguity. 

 
The New York State Regents Examination in Physical Setting/Earth Science contains both 

a written and a lab (or performance) component. The lab component remains constant from 
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�&�K�D�S�W�H�U���������5�H�O�L�D�E�L�O�L�W�\�����6�W�D�Q�G�D�U�G������ 
Test reliability is a measure of the internal consistency of a test (Cronbach, 1951). It is a 

measure of the extent to which the items on a test provide consistent information about student 
mastery of a domain. Reliability should ultimately demonstrate that examinee score estimates 
maximize consistency and therefore minimize error, or theoretically speaking, that examinees 
who take a test multiple times would get the same score each time.  

 
According to the Standards for Educational and Psychological Testing�����³�$���Q�X�P�E�H�U���R�I���I�D�F�W�R�U�V��

can have significant effects on reliability/precision, and in some cases, these factors can lead 
�W�R���P�L�V�L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V���R�I���W�H�V�W���V�F�R�U�H�V�����L�I���Q�R�W���W�D�N�H�Q���L�Q�W�R���D�F�F�R�X�Q�W�´����AERA et al., 2014, p. 38). First, 
test length and the variability of observed scores can both influence reliability estimates. Tests 
with fewer items or with a lack of heterogeneity in scores tend to produce lower reliability 
estimates. Second, reliability is specifically concerned with random sources of error. 
Accordingly, t
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error (Harvill, 1991). Additionally, the value of the SEM takes the group variation (i.e., score 
standard deviation) into account. Consider that a SEM of 3 on a 10-point test would be very 
different from a SEM of 3 on a 100-point test. 

Traditional Standard Error of Measurement Confidence Intervals 
The SEM is an index of the random variability in test scores reported in actual score units, 

which is why it has such great utility for test score users. SEMs allow statements regarding the 
�S�U�H�F�L�V�L�R�Q�� �R�I�� �L�Q�G�L�Y�L�G�X�D�O�� �W�H�V�W�� �V�F�R�U�H�V���� �6�(�0�V�� �K�H�O�S�� �S�O�D�F�H�� �³�U�H�D�V�R�Q�D�E�O�H�� �O�L�P�L�W�V�´�� ���*�X�O�O�L�N�V�H�Q���� ������������
around observed scores, through construction of an approximate score band. Often referred to 
as confidence intervals, these bands are constructed by taking the observed scores, X, and 
adding or subtracting a multiplicative factor of the SEM. As an example, students with a given 
true score will have observed scores that fall between ±1 SEM about two-thirds of the time.4 
For ±2 SEM confidence intervals, this increases to about 95 percent. 

 
The Coefficient Alpha and associated SEM for the Regents Examination in Physical 

Setting/Earth Science are provided in Table 7. 
 

Table 7 Reliabilities and Standard Errors of Measurement: Regents Examination in 
Physical Setting/Earth Science  

Subject Coefficient 
Alpha 

SEM 

Physical Setting/ 0.93 5.13 
Earth Science 

 
Assuming normally distributed scores, one would expect about two-thirds of the 

observations to be within one standard deviation of the mean. An estimate of the standard 
deviation of the true scores can be computed as 

 

. )ˆ1(ˆˆˆ 22
xxxxT

�U�V�V�V ����� 

Conditional Standard Error of Measurement 
Every time an assessment is administered, the score that the student receives contains 

some error. If the same exam were administered an infinite number of times to the same 
�V�W�X�G�H�Q�W�����W�K�H���P�H�D�Q���R�I���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���W�K�H���V�W�X�G�H�Q�W�¶�V���U�D�Z���V�F�R�U�H�V���Z�R�X�O�G���E�H��equal to their true 
score (��), the score obtained with no error), and the standard deviation of the distribution of 
their raw scores would be the conditional standard error. Since there is a one-to-one 
correspondence between the raw score and �� in the Rasch mod2 792 QS we can apply this concept 
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Conditional Standard Error of Measurement Characteristics 
The relationship between the scale score CSEM and �� depends both on the nature of the 

raw-to-scale score transformation (Kolen and Brennan, 2005; Kolen and Lee, 2011) and on 
whether the CSEM is derived from the raw scores or from �� (Lord, 1980). The pattern of CSEMs 
for raw scores and linear transformations of the raw score tend to have a characteristic 
�³�L�Q�Y�H�U�W�H�G-�8�´���V�K�D�S�H�����Z�L�W�K���V�P�D�O�O�H�U���&�6�(�0�V���D�W���W�K�H���H�Qds of the score continuum and larger CSEMs 
toward the middle of the distribution.   

 
Achievable raw score points for these distributions are spaced equally across the score 
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Several factors might affect decision consistency and accuracy. One important factor is the 

reliability of the scores. All other things being equal, more reliable test scores tend to result in 
more similar reclassifications and less measurement error. Another factor is the location of the 
cut score in the score distribution. More consistent and accurate classifications are observed 
when the cut scores are located away from the mass of the score distribution. The number of 
performance levels is also a consideration. Consistency and accuracy indices based on four 
performance levels should be lower than those based on two performance levels. This is not 
surprising, since classification and accuracy using four performance levels would allow more 
opportunity to change performance levels. Hence, there would be more classification errors 
and less accuracy with four performance levels, resulting in lower consistency indices. 

 
Results and Observations The results for the dichotomies created by the three cut scores, 

are presented in Table 8. The tabled values are derived with the program BB-Class (Brennan, 
2004) using the Livingston and Lewis method. Decision consistency ranged from 0.89 to 0.94, 
and the decision accuracy ranged from 0.92 to 0.96. Both decision consistency and accuracy 
values based on individual cut points indicate very good consistency and accuracy of examinee 
classifications, as shown in Table 8.     

 
Table 8 Decision Consistency and Accuracy Results: Regents Examination in Physical 
Setting/Earth Science  

Statistic 1/2 2/3 3/4 
Consistency 0.94 0.91 0.89 

Accuracy 0.96 0.94 0.92 

    

4.4 
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Table 9 Group Means: Regents Examination in Physical Setting/Earth Science  

Demographics Number Mean Scale Score SD Scale Score All 
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�&�K�D�S�W�H�U���������9�D�O�L�G�L�W�\�����6�W�D�Q�G�D�U�G������ 
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The Regents Examination in Physical Setting/Earth Science measures student 
achievement on the NYS P�±12 Curriculum Standards for Physical Setting/Earth Science. The 
Physical Setting/Earth Science standards can be found at: http://www.nysed.gov/curriculum-
instruction/science/.  

Content Validity 
Content validity is necessarily concerned with the proper definition of the 









  

Prepared for NYSED by Pearson  71 

 

Figure E.1 Scatter Plot: Regents Examination in Physical Setting/Earth Science  
 

Table E.3 Descriptive Statistics in p-value and Point-Biserial Correlation: Regents 
Examination in Physical Setting/Earth Science 

Statistics N Mean Min Q1 Median Q3 Max 
p-value 86 0.41 0.14 0.30 0.40 0.53 0.80 

Point-Biserial 86 0.31 0.13 0.23 0.31 0.38 0.67 
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Figure E.2 Student Performance Map: Regents Examination in Physical Setting/Earth 
Science 
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Figure E.3 Scree Plots: Regents Examination in Physical Setting/Earth Science  

 

Table E.3 Summary of Item Residual Correlations: Regents Examination in Physical 
Setting/Earth Science 

Statistic Type Value 

N 3570 

Mean �>�ì.01 

SD 0.03 

Minimum �>�ì.10 

P10 �>�ì.05 

P25 �>�ì.03 

P50 �>�ì.01 

P75 0.00 

P90 0.02 

Maximum 0.26 

>|0.20| 2
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Table E.8 Group Means: Regents Examination in Physical Setting/Earth Science 
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