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1.3 TARGET POPULATION (STANDARD 7.2) 

The examinee population for the Regents Examination in Living Environment is composed 
of students who have completed a course in Living Environment.  

 
Table 1 provides a demographic breakdown of all students who took the August 2017, 

January 2018, and June 2018 Regents Examination in Living Environment. All analyses in this 
report are based on the population described in Table 1. Annual Regents Examination results 
in the New York State Report Cards are those reported in the Student Information Repository 
System (SIRS) as of the reporting deadline. The results include those exams administered in 
August 2017, January 2018, and June 2018 (see http://data.nysed.gov/). If a student takes the 
same exam multiple times in the year, only the highest score is included in these results. Item-
level data used for the analyses in this report are reported by districts on a similar timeline, but 
through a different collection system. These data include all student results for each 
administration. Therefore, the n-sizes in this technical report will differ from publicly reported 
counts of student test-takers. 

 
Table 1 Total Examinee Population: Regents Examination in Living Environment 

  August Admin* January Admin** June Admin*** 

Demographics Number Percent Number Percent Number Percent 

All Students 22,620 100.00 35,310 100.00 228,813 100.00 

Race/Ethnicity 
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any given item correctly, while low-performing students (i.e., those who perform poorly on the 
exam �R�Y�H�U�D�O�O���� �Z�R�X�O�G���E�H���P�R�U�H�� �O�L�N�H�O�\�� �W�R�� �D�Q�V�Z�H�U�� �W�K�H�� �V�D�P�H�� �L�W�H�P�� �L�Q�F�R�U�U�H�F�W�O�\���� �3�H�D�U�V�R�Q�¶�V���S�U�R�G�X�F�W-
moment correlation coefficient (also commonly referred to as a point-biserial correlation) 
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Item 
Number 

of 
Students 

p-Value SD 
Point-
Biserial 

Point-
Biserial 

Distractor 1 

Point-
Biserial 

Distractor 2 

Point-
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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 Living 
Environment 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 it 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���5oger, 1991). This performance value 

is often referred to as �T. Performance and �T will be used interchangeably throughout the 
remainder of this report. 

 
A fundamental advantage of IRT is that it links examinee performance and item difficulty 

estima( )-161y
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Figure 2 Student Performance Map: Regents Examination in Living Environment  

3.5 CHECKING RASCH ASSUMPTIONS 

Since the Rasch model was the basis of all calibration, scoring, and scaling analyses 
associated with the Regents Examination in Living Environment, the validity of the inferences 
from these results depends on the degree to which the assumptions of the model were met 
and how well the model fits the test data. Therefore, it is important to check these assumptions. 
This section evaluates the dimensionality of the data, local item independence, and item fit. It 
should be noted that only operational items were analyzed, since they are the basis of student 
scores. 

Unidimensionality 
Rasch models assume that one dominant dimension determines the differences in student�V�¶ 

performances. Principal Components Analysis (PCA) can be used to assess the 
unidimensionality assumption. The purpose of the analysis is to verify if any other dominant 
components exist among the items. If any other dimensions are found, the unidimensionality 
assumption would be violated. 

 
A parallel analysis (Horn, 1965) was conducted to help distinguish components that are real 

from components that are random. Parallel analysis is a technique to decide how many factors 
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exist in principal components. For the parallel analysis, 100 random data sets of sizes equal to 
the original data were created. For each random data set, a PCA was performed and the 
resulting eigenvalues stored. Then, for each component, the upper 95th percentile value of the 
distribution of the 100 eigenvalues from the random data sets was plotted. Given the size of 
the data generated for the parallel analysis, the reference line is essentially equivalent to 
plotting a reference line for an eigenvalue of 1. 

 
Figure 3 shows the PCA and parallel analysis results for the Regents Examination in Living 

Environment. The results include the eigenvalues and the percentage of variance explained 
for the first five components, as well as the scree plots. The scree plots show the eigenvalues 
plotted by component number and the results from a parallel analysis. Although the total 
number of components in PCA is same as the total number of items in a test, Figure 3 shows 
only the first 10 components. This view is sufficient for interpretation because the components 
are listed in descending eigenvalue order. The fact that the eigenvalues for components 2 
through 10 are much lower than the first component demonstrates that there is only one 
dominant component, showing evidence of unidimensionality.  

 
As rule of thumb, Reckase (1979) proposed that the variance explained by the primary 

dimension should be greater than 20 percent, in order to indicate unidimensionality. However, 
as this rule is not absolute, it is helpful to consider three additional characteristics of the PCA 
and parallel analysis results: 1) whether the ratio of the first to the second eigenvalue is greater 
than 3, 2) whether the second value is not much larger than the third value, and 3) whether the 
second value 1i( )] TJ2
q
0.00000912 0 612 792 re
W* n
BT
/F3 12 Tf
1 0 0 1 302.81 460.27 Tm
0 g
22 re
W2h
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Figure 3 Scree Plot: Regents Examination in Living Environment 

Local Independence 
Local independence (LI) is a fundamental assumption of IRT. This means that, for statistical 

purposes, an examinee�¶�V response to any one item should not depend on �W�K�H�� �H�[�D�P�L�Q�H�H�¶�V 
response to any other item on the test. In formal statistical terms, a test X that is comprised of 
items X1, X2���«Xn is locally independent with respect to the latent variable �� if, for all x = (x1, 
x2���«xn) and   

,   , 
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Table 6 Summary of INFIT Mean Square Statistics: Regents Examination in Living 
Environment 

   INFIT Mean Square  
  N Mean SD Min Max [0.7, 1.3]   

Living 
Environment 

 
85 1.00 0.10 0.83 1.30 [85/85] 

 
 

Items for the Regents Examination in Living Environment were field tested in 2004, 2006, 
2008, and 2010�±2017. Separate technical reports were produced for each year, in order to 
document the full test development, scoring, scaling, and data analysis conducted. 

3.6 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  from the learning sndust 0(ta)-5(nN(.)]6( )-w re
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�L�W�H�P���S�R�R�O�����7�K�H���5�D�V�F�K���G�L�I�I�L�F�X�O�W�L�H�V���I�U�R�P���W�K�H���L�W�H�P�V�¶���L�Q�L�W�L�D�O���D�G�P�L�Q�L�V�W�U�D�W�L�R�Q���L�Q���D���S�U�H�Y�L�R�X�V���\�H�D�U�¶�V���I�L�H�O�G��
test are used to equate the scale for the current administration to the base administration. For 
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would be pure random noise (i.e., all measurement error). If the index achieved a value of 1.0, 
scores would be perfectly consistent (i.e., contain no measurement error). Although values of 
1.0 are never achieved in practice, it is clear that larger coefficients are more desirable because 
they indicate that the test scores are less influenced by random error.  

Coefficient Alpha 
Reliability is most often estimated using the formula for Coefficient Alpha, which provides a 

practical internal consistency index. Coefficient Alpha can be conceptualized as the extent to 
which an exchangeable set of items from the same domain would result in a similar rank 
ordering of students. Note that relative error is reflected in this index. Excessive variation in 
student performance from one sample of items to the next should be of particular concern for 
any achievement test user.  

 
A general computational formula for 
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moves away from the original third-degree polynomial relationship to one that is also no longer 
expressible in a simple mathematical form. In the absence of a simple mathematical 
relationship between �� and the scale scores, the CSEMs that are available for each �� score via 
Rasch IRT cannot be converted directly to the scale score metric. 

 
The use of Rasch IRT to scale and equate the Regents Examinations does, however, make 

it possible to calculate CSEMs by using the procedures described by Kolen, Zeng, and Hanson 
(1996) for dichotomously scored items and extended by Wang, Kolen, and Harris (2000) to 
polytomously scored items. For tests such as the Regents Examination in Living Environment 
that have a one-to-one relationship between raw (
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�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�Q�G�V���R�I���W�K�H���V�F�R�U�H���F�R�Q�W�L�Q�X�X�P���D�Q�G���O�D�U�J�H�U���&�6�(�0�V��
toward the middle of the distribution.   

 
Achievable raw score points for these distributions are spaced equally across the score 

range. Kolen and Brennan (2���������� �S���� ���������� �V�W�D�W�H���� �³�:�K�H�Q���� �U�H�O�D�W�L�Y�H�� �W�R�� �U�D�Z�� �V�F�R�U�H�V���� �W�K�H��
transformation compresses the scale in the middle and stretches it at the ends, the pattern of 
the conditional standard errors of measurement will be concave up (U-shaped), even though 
the pattern for the raw scores was concave down (inverted-U shape)��� ́

Results and Observations 
The relationship between raw and scale scores for the Regents Examinations tends to be 

roughly linear from scale scores of 0 to 65 and then concave down from about 65 to 100. In 
other words, the scale scores track linearly with the raw scores for the first quarter of the scale 
score range and then are compressed relative to the raw scores for the remaining three-
quarters of the range, though, there are 

-
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The Regents Examination in Living Environment measures student achievement on 
Standards 1 and 4 of the New York Learning Standards for Math, Science, and Technology. 
The Living Environment Standards can be found at http://www.nysed.gov/curriculum-
instruction/science-learning-standards. 

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

evidence that the test provides an accurate measure of examinee performance within the 
defined construct. The test blueprint for the Regents Examination in Living Environment is, 
essentially, the design document for constructing the exam. It provides an explicit definition of 
the content domain that is to be represented on the exam. The test development process 
(discussed in the next section) is in place to ensure, to the extent possible, that the blueprint is 
met in all operational forms of the exam. Table 11 displays the targeted proportions of content 
standards and key ideas on the exam. 

  
Table 11 
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The controls and monitoring in place for the Regents Examination in Living Environment 

include the item development process, with attention paid to mitigating the introduction of 
construct-irrelevant variance. The development process described in the previous sections 
details the process and attention given to reducing the potential for construct irrelevance in 
response processes by attending to the quality and alignment of test content to the test 
blueprint and to the item development guidelines (Appendix C). Further evidence is 
documented in the test administration and scoring procedures, as well as in the results of 
statistical analyses, which are covered in the following two sections.  

Administration and Scoring
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The distinct steps for operational test scoring include close attention to each of these 
elements and begin before the operational test is even selected. After the field test process, 
during which many more items than appear on the operational test are administered to a 
representative sample of students, a �V�H�W���R�I�� �³�D�Q�F�K�R�U�´�� �S�D�S�H�U�V���U�H�S�U�H�V�H�Q�W�L�Q�J���V�W�X�G�H�Q�W���U�H�V�S�R�Q�V�H�V��
across the range of possible responses for constructed-response items is selected. The 
�R�E�M�H�F�W�L�Y�H�� �R�I�� �W�K�H�V�H�� �³�U�D�Q�J�H-�I�L�Q�G�L�Q�J�´�� �H�I�I�R�U�W�V�� �L�V�� �W�R�� �F�U�H�D�W�H�� �D�� �W�U�D�L�Q�L�Q�J�� �V�H�W�� �I�R�U�� �V�F�R�U�H�U�� �W�U�D�L�Q�L�Q�J�� �D�Q�G��
execution, the scores from which are used to generate important statistical information about 
the item. Training scorers to produce reliable and valid scores is the basis for creating rating 
guides and scoring ancillaries to be used during operational scoring.  

 
To review and select these anchor papers, NYS educators serve as table leaders during 

the range-finding session. In the range-finding process, committees of educators receive a set 
of student papers for each field-tested question. 
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The following analyses were conducted for the Regents Examination in Living Environment:  
 

�x item difficulty  

�x item discrimination 

�x differential item functioning 

�x IRT model fit 

�x test reliability 

�x classification consistency  

�x test dimensionality 
 

Item Difficulty  
Multiple analyses allow an evaluation of item difficulty. For this exam, p-values and Rasch 

difficulty (item location) estimates were computed for MC and CR items. Items for the Regents 
Examination in Living Environment show a range of p-values consistent with the targeted exam 
difficulty. The item p-values ranged from 0.26 to 0.90, with a mean of 0.65. The difficulty 
distribution illustrated in Figure 1 shows a wide range of item difficulties on the exam. This is 
consistent with general test development practice, which seeks to measure student ability 
along a full range of difficulty. Refer to Chapter 2 of this report for additional details. 

Item Discrimination 
How we







  

Prepared for NYSED by Pearson  39 

5.5 EVIDENCE BASED ON TESTING CONSEQUENCES 

There are two general approaches in the literature to evaluating consequential validity. 
Messick (1995) points out that adverse social consequences invalidate test use mainly if they 
are due to flaws in the test. In this sense, the sources of evidence documented in this report 
(based on the construct, internal test structure, response processes, and relation to other 
variables) serve as a consequential validity argument, as well. This evidence supports 
conclusions based on test scores that social consequences are not likely to be traced to 
characteristics or qualities of the test itself.  

 
Cronbach (1988), on the other hand, argues that negative consequences could invalidate 

test use. From this perspective, the test user is obligated to make the case for test use and to 
ensure appropriate and supported uses. Regardless of perspective on the nature of 
consequential validity, it is important to caution against uses that are not supported by the 
validity claims documented for this test. For example, use of this test to predict examinee 
scores on other tests is not directly supported by either the stated purposes or the development 
process and research conducted on examinee data. A brief survey of websites of New York 
State universities and colleges finds that, beyond the explicitly defined use as a testing 
requirement toward graduation for students who have completed a course in Living 
Environment, the exam is most commonly used to inform admissions and course placement 
decisions. Such uses can be considered reasonable, assuming that the competencies 
demonstrated in the Regents Examination in Living Environment are consistent with those 
required in the courses for which a student is seeking enrollment or placement. Educational 
institutions using the exam for placement purposes are advised to examine the scoring rules 
for the Regents Examination in Living Environment and to assess their appropriateness for the 
inferences being made about course placement.   

 
As stated, the nature of validity arguments is not absolute, but it is supported through 

ongoing processes and studies designed to accumulate support for validity claims. The 
evidence provided in this report documents the evidence to date that supports the use of the 
Regents Examination in Living Environment scores for the purposes described.  
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Position Item Type 
Max 

Points 
Weight 
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Position Item Type 
Max 

Points 
Weight Standard 

Key 
Idea 

PI Mean 
Point-
Biserial 

RID INFIT 
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Table A.3 Test Map for June 2018 Administration 

Position Item Type 
Max 

Points 
Weight Standard 

Key 
Idea 

PI Mean 
Point-
Biserial 

RID INFIT 

1 MC 1 1 4 6 6.0 0.83 0.43 -1.6829 0.93 

2 MC 1 1 4 2 2.1j 0.32 
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Position Item Type 
Max 

Points 
Weight Standard 

Key 
Idea 

PI Mean 
Point-
Biserial 

RID INFIT 

39 MC 1 1 4 5 5.1f 0.43 0.44 0.6216 1.03 

40 MC 1 1 4 5 5.2d 0.77 0.35 -1.2026 1.06 

M CM CM CM CM CM CM CM CM CM C
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Position Item Type 
Max 

Points 
Weight Standard 

Key 
Idea 

PI Mean 
Point-
Biserial 

RID INFIT
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�$�S�S�H�Q�G�L�[���%�����5�D�Z���W�R���7�K�H�W�D���W�R���6�F�D�O�H���6�F�R�U�H���&�R�Q�Y�H�U�V�L�R�Q��
�7�D�E�O�H�V 
 

Table B.1 Score Table for August 2017 Administration 

Raw 
Score 

Ability 
Scale 
Score 

 
Raw 
Score 

Ability 
Scale 
Score 

 
Raw 
Score 

Ability 
Scale 
Score 

0 -6.1172  0.000  41 -0.2132 65.331  82 3.5668 96.276 

1 -4.8993  2.601  42 -

-

 

  Q
Q
  EMC q
2 0 0 1 471.58 598.06 Tm
0 G43 3.5668 
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Table B.3 Score Table for June 2018 Administration 

Raw 
Score 

Ability 
Scale 
Score 

 
Raw 
Score 

Ability 
Scale 
Score 

 
Raw 
Score 

Ability 
Scale 
Score 

0 -6.2449  0.000  41 
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�$�S�S�H�Q�G�L�[���&�����,�W�H�P���:�U�L�W�L�Q�J���*�X�L�G�H�O�L�Q�H�V 
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CHECKLIST OF TEST CONSTRUCTION PRINCIPLES 
(Multiple-Choice Items) 

 

 
 

 
YES 

 
NO 

1. Is the item significant? 
  

2. Does the item have curricular validity? 
  

3. Is the item presented in clear and simple language, with 
vocabulary kept as simple as possible? 

  

4. Does the item have one and only one correct answer?
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GUIDELINES FOR WRITING CONSTRUCTED-RESPONSE ITEMS 
 
1.
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�$�S�S�H�Q�G�L�[���' �����7�D�E�O�H�V���D�Q�G���)�L�J�X�U�H�V���I�R�U���$�X�J�X�V�W�������� ����
�$�G�P�L�Q�L�V�W�U�D�W�L�R�Q�� 
 

Table D.1 Multiple-Choice Item Analysis Summary: Regents Examination in Living 
Environment 

Item 
Number 

of 
Students 

p-Value SD 
Point-
Biserial 

Point-
Biserial 

Distractor 1 

Point-
Biserial 

Distractor 2 

Point-
Biserial 

Distractor 3 

1 22,620
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Table D.2 Constructed-Response Item Analysis Summary: Regents Examination in 
Living Environment 

Item  
Min. 
score 

Max. 
score 

Number 
of 

Students 
Mean SD p-Value 

Point-
Biserial 
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Figure D.1 Scatter Plot: Regents Examination in Living Environment 

 

Table D.3 Descriptive Statistics in p-value and Point-Biserial Correlation: Regents 
Examination in Living Environment 

Statistics N Mean Min Q1 Median Q3 Max 
p-value 85 0.42 0.12 0.32 0.44 0.54 0.73 

Point-Biserial 85 0.31 0.06 0.25 0.33 0.37 0.48 
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Figure D.2 Student Performance Map: Regents Examination in Living Environment 

 

0 1000 2000 3000

Student Distribution

CR(33 Items)MC(52 Items)StudentCut Scores
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Figure D.3 Scree Plot: Regents Examination in Living Environment 

 
 

Table D.4 Summary of Item Residual Correlations: Regents Examination in Living 
Environment 

Statistic Type Value 

N 3,570 

Mean -0.01 

SD 0.03 

Minimum -0.10 

P10 -0.04 

P25 -0.03 

P50 -0.02 

P75 0.00 

P90 0.02 

Maximum 0.41 

>|0.20| 1 
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Table D.5 Summary of INFIT Mean Square Statistics: Regents Examination in Living 
Environment 
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Figure D.4 Conditional Standard Error Plot: Regents Examination in Living 
Environment 
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Table E.1 Multiple-Choice Item Analysis Summary: Regents Examination in Living 
Environment 

Item 
Number 

of 
Students 

p-Value SD 
Point-
Biserial 

Point-
Biserial 

Distractor 1 

Point-
Biserial 

Distractor 2 

Point-
Biserial 

Distractor 3 

1 35,310 0.55 0.50 0.20 -0.08 -0.16 -0.05 

2 35,310 0.79 0.40 0.33 -0.12 
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Item 
Number 

of 
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Figure E.1 Scatter Plot: Regents Examination in Living Environment  
 

Table E.3 Descriptive Statistics in p-value and Point-Biserial Correlation: Regents 
Examination in Living Environment 

Statistics N Mean Min Q1 Median Q3 Max 
p-value 85 0.42 0.12 0.28 0.40 0.55 0.79 

Point-Biserial 85 0.31 0.09 0.25 0.31 0.36 0.47 
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Figure E.2 Student Performance Map: Regents Examination in Living Environment 
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Table E.5 Summary of INFIT Mean Square Statistics: Regents Examination in Living 
Environment 

   INFIT Mean Square  
  N Mean SD Min Max [0.7, 1.3]  

Living 
Environment 

 85 1.00 0.06 0.88 1.15 [85/85] 
 

 
 

Table E.6 Reliabilities and Standard Errors of Measurement: Regents Examination in 
Living Environment 

Subject 
Coefficient 

Alpha 
SEM 

Living Environment 0.89 4.09 
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Figure E.4 Conditional Standard Error Plot: Regents Examination in Living 
Environment 
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Table E.8 Group Means: Regents Examination in Living Environment 

Demographics Number 
Mean 
Scale 
Score 

SD 
Scale 
Score 

All Students* 35,310 57.57 13.05 

Ethnicity    

American Indian/Alaska Native 336 57.96 13.47 

Asian/Native Hawaiian/Other Pacific Islander 2,564 60.65 15.36 

Black/African American 11,786 56.2 12.22 

Hispanic/Latino 14,576 56.77 12.22 

Multiracial 400 60.31 13.63 

White 5,623 60.91 14.66 

English Language Learner/Multilingual 
Learner  
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